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7th Nordic Conference on Construction Economics and Organisation,
Trondheim 12.-14. June 2013
FOREWORD
The first Nordic Conference on Construction Economics and Organisation was held in
Gothenburg at Chalmers University of Technology back in 1999. Since then, the
conference has been held biannually (with the exception of 2005) in Sweden (4 times), on
Iceland and in Denmark. Now it is Norway's turn to host the conference, and Finland is
scheduled to take over the baton next time. We are very pleased to be carrying on the
tradition, and we hope to live up to the expectations created by previous conferences.
In 2011 in Copenhagen an initiative was taken that marked a shift in the organization of this
series of Nordic conferences: CREON was founded. The first general assembly was held
during the 6th Nordic conference. The CREON network is a voluntary, non-profit association
for people who study, work, teach and do research about all aspects of management and
construction. The CREON network aims to promote collaboration across Nordic knowledge
institutions and this series of conferences is an important activity for CREON. NTNU and
SINTEF, as local organizers, are proud to present the 7th Nordic conference on behalf of
CREON.
We, the organizers, had two specific ambitions when we started preparing for this conference:
Firstly, we wanted this conference to be acknowledged as a high quality academic conference.
We have therefore put a lot of effort in the review process. Three rounds of blind reviews is a
lot of work, but now when we see the result – it was worth it. The close collaboration with
Akademika Publishing makes sure publication points can be awarded to the authors. The
papers are presented in two parallel sessions over three days here at the NTNU Gløshaugen
campus.
Secondly, we wanted to establish a closer connection with the construction industry. We
therefore put together a very strong Program Committee, comprising of prominent
representatives from the Norwegian Construction Industry, who identified the main topic:
Green Urbanization – Implications for Value Creation. We realized that it was not realistic to
turn an academic conference into a popular construction industry event, so we have chosen to
collaborate with NTNU in marking their new initiative for improving knowledge about the
building process. Thus the idea for the Building Process Day was born – we will spend half a
conference day together with distinguished guests from the Norwegian construction industry.
The building process day will also be the scene for another conference innovation: Statsbygg
awards for best paper and best young researcher. Enjoy!
Ole Jonny Klakegg, Kari Hovin Kjølle, Cecilie G. Mehaug , Nils O.E. Olsson, Asmamaw
T. Shiferaw, Ruth Woods (Editors).
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INTRODUCTION, CONTEXT AND SUMMARY
The construction industry plays an important role in society. Construction forms our
physical surroundings and creates the infrastructure we need to develop society. Physical
infrastructure and buildings represent approximately 70 per cent of Norway's Real Capital.
Public investments in infrastructure constitute half of all infrastructure investments in
Norway. It is also a major factor in the society’s economy, representing a substantial share
of the GNP, and, for example, it represents approximately 30% of the employment in
Norway. According to Statistics Norway the construction sector is the third largest industry
in Norway, employing 350,000 workers in more than 75,000 enterprises, and has a high
turnover; over NOK 308 billion in 2011, approximately the same level as 2008 which was a
top year. The Confederation of Norwegian Enterprise (NHO) states that the construction
industry in Norway provides 10% of the total value creation. The construction industry is
truly a cornerstone of our society.
On the other hand the dwellings and construction industry is also mentioned as “the 40%
industry” by the Ministry of Local Government and Regional Development. This is a
reminder that the construction industry uses approximately 40% of the total energy in our
society, 40% of the materials, and produces about 40% of the waste that goes into landfills.
This indicates the industry’s importance in relation to climate and other environmental
challenges. If there is one industry that really can make a difference, it is probably
construction.
Furthermore, the construction industry has a reputation of being conservative, having a low
degree of innovation, and low productivity. It is not known to be the first industry to
implement sustainable solutions. The construction industry does use low-tech solutions and
employ low skilled workers, but it does also include highly advanced New Tech solutions
to technical problems and engage some of the most qualified engineers in our society. The
truth about this industry is as complex as the problems it is trying to solve on behalf of
society.
In the next ten years, growing globalization will promote an already increasing trend of
competition among international construction companies according to The Federation of
Norwegian Construction Industries (BNL). Additionally, Norway has the following
challenges ahead:
 Growing population, expected to surpass 7 million by 2060, up from today’s 5 million
 Increasing trend towards centralisation
 Growing elderly population with needs for health care and housing
 More pressure on transport infrastructure
 An ever increasing immigrant workforce
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 Long cold winters and harsh climate, worsened by climate change which may lead to
more floods, landslides and frequent winter storms
All these challenges will lead to:
 High demand for new dwellings
 Need for higher investment in low energy buildings
 Need for more robust buildings and infrastructure
 Need for more investment in transport infrastructure
 Need for a larger workforce and recruitment in all sectors
 Need for good integration programmes, development of expertise and training in
relevant areas for new migrants and unskilled labour.
These are the sort of challenges that the Program Committee saw when they discussed the
profile for this event back at the beginning of 2011. They called it Green Urbanization. The
situation calls for new solutions, new knowledge, new thinking. Both small steps and huge
leaps help as long as they lead in the right direction. Is the construction industry ready for
it?
The sector is fragmented and contains many small enterprises. Thus, large companies account
for a smaller share of the construction output in Norway than in most other countries. Small
companies with highly specialized competence indicate a fragmented industry. The typical
construction project is also said to be one-of-a-kind at a hectic pace. It is obviously hard to
optimize process and solutions in such an environment.
Although to a lesser degree than other countries, the Norwegian construction industry is
currently facing the challenges that have followed the 2009 financial crisis; small enterprises
lost competence due to temporary redundancy and the investments were at a minimum level.
Therefore, the diffusion of new knowledge and investments was also at a minimum. To what
degree is the construction industry equipped to meet challenges ahead? And to what degree is
the academic community able to help this industry overcome its challenges? These are
questions that deserve to be asked, and perhaps some answers or indications may be found
among the contributions to this conference? Are the academic resources ready for it?
This introduction, its examples and identified challenges are chosen from the Norwegian
context, in full awareness of the current peculiarities of the Norwegian situation. We do have
a special and advantageous position, but Norway is still clearly a distinct part of the Nordic
context. We are also deeply embedded in the bigger international economy and global
community. Therefore, the conference profile and the Nordic conference setting feel highly
relevant in 2013.
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The contributions span a wide range of issues, organized in three tracks with three major
themes in each:
Sustainable Development of
the Urban Environment

Organizing for Execution

Efficiency in Construction

The Sustainability Perspective

Governance and Strategy
Implementation

The Human Aspect in
Construction

Sustainable Design

Decision Making and Relations

Productivity and Quality

Sustainability and People

Learning from Construction
Projects

Supply Chains and Planning

The first track; Sustainable Development of the Urban Environment is the signature
track of this conference. It relates directly to the challenges addressed by the program
committee back in 2011. The invitation to authors included contributions on sustainability
in a wide sense – the concept of sustainability, the framework conditions defined by
government and international agreements, the built environment, both the upgrading of
existing buildings and finding solutions for future built environments. As the papers of this
track shows, the authors cover these issues from several perspectives and cover a wide
range of issues as intended. The track provides a varied and thought provoking approach to
the term "sustainable"; one of the most oft-used terms in the construction industry today,
but which also continues to be one of the most important issues.
Key issues addressed by the papers are; different challenges in combining urbanization and
environment respect, the role and use of green certification systems, the role of
sustainability in project management, passive house building, renovation and retrofitting
from a sustainable perspective and the development of new technology to the deal with
climate and age related problems in building materials. Green has become an important
issue and two papers look at the role of green certification and policy in stimulating
company activity. It can on the one hand, as one paper suggests, become a catalyst,
stimulating more green certified buildings. On the other hand, green may mean, as the
second example shows, following the market rather than focusing on policies which benefit
clients and society. Encouraging a sustainable build is a theme which may be understood as
central in this track; it is present in the aforementioned papers and also plays a role in the
papers which focus on retrofitting, project management and the building of passive houses.
Further issues are exploring the difference between project management success and
project success; analyzing collaborative working and experienced effects on the energy
performance of a building project; an analysis of existing Norwegian retail development
and their impact on local energy consumption; and the effects of user involvement in the
briefing and design of a workplace. Scandinavian and particularly Norwegian examples
vi
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dominate the papers, but there are also case stories from USA and China and contributions
from the Netherlands and the UK.
The second track; Organizing for Execution represents a combination of new and classic
issues around governance, decision making and learning. It covers issues with a wide
perspective and long-ranging consequences for the organisations involved. Key issues are
governance mechanisms, strategy implementation, decision making, relations and learning.
Several papers discuss aspects of governance and how organisations may implement
processes and structures in order to improve their value creation and value for money in
investments. Examples presented here are the governments in the Netherlands and Norway, as
well as several anonymous companies associated with the construction industry. This has a lot
to do with designing purposeful decision making processes and using the right criteria for
prioritizing and choice of projects. Other perspectives are how to implement necessary
transformations of the organization in a changing environment. This is an important issue in a
world of increasing globalization, competition and new technologies.
One major topic in several papers is the clarity and better understanding of roles and
responsibilities in project organisations and between the project and its mother organization,
as well as other stakeholders. These relational issues include communication, motivation,
emotions and trust, just to mention some important aspects. The most fundamental topic in
these papers is perhaps learning. Learning from cases and accumulating experiences in
organisations in construction has been argued a particularly challenging thing to do. Several
papers look into these challenges.
The types of organisations represented in these papers range from large public agencies, via
industrial companies down to facilities management companies. The projects range
accordingly from large infrastructure investments via large building design and development
processes down to small and medium sized renovation and upgrading projects in existing
buildings. All in all, this track comprises discussions on some of the major issues engaging
the research community on construction projects in recent years. The picture is clearly Nordic
in the sense that most of the cases reported are documented in the Nordic region, but extended
to include Poland, France and the UK.
The third track; Efficiency in construction is the original core area of construction
economics and organisation, internationally perhaps better known as construction
management. It covers both qualitative and quantitative aspects of efficiency in construction.
The majority of the papers address the human aspect in construction, but in different ways.
Innovation, learning, daily life, scheduling, BIM, productivity, quality, procurement, contracts
and supply chains are addressed, among other issues. Roles and interfaces between different
stakeholders in a construction project are addressed in several papers.
Innovation is a key topic. It is addressed both explicitly in some papers, and implicitly in
many more papers. Innovation in the construction sector is an important topic. It is mainly
vii
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illustrated through cases. The construction sector is characterised by cooperation between
many stakeholders. Design, planning and execution are typically carried out by projectoriented organizations. Deliveries of building components and materials are carried out by
manufacturing companies. Interestingly, we also have comparisons between the construction
sector and other sectors, as well as the use of analytical models used in other industries but
here applied in a construction context.
Contracts and supply chain are addressed in several papers. The contractual relationships in
the construction industry are illustrated, with special focus on incentives and stakeholder
relations. Planning is addressed in a quantitative way, but from different perspectives. We
also have a terminology overview related to planning.
The track includes examples of technology advancement in the construction industry,
including Building Information Modelling (BIM).The track includes BIM approaches in a life
cycle perspective.
Cases and data come from a wide array of countries, and are not limited to the Nordic region.
The research approaches represent an interesting mix of theoretical work in the form of
literature reviews and conceptual papers, development of decision models and understanding
of observed performance in real situations, as well as documenting learning from cases and
demonstration projects. The empirical side is not surprisingly dominated by document studies
and interviews. Several papers are based on case studies. Some papers have a more theoretical
approach, while others are very empirical and data driven. In total these proceedings represent
a good cross section of contemporary research in the field of construction economics and
organization in 2013.

viii

7th Nordic Conference on Construction Economics and Organisation 2013

TABLE OF CONTENTS

Track 1: Sustainable Development of the Urban Environment
The Sustainability Perspective
“GREEN OR MATURING?" ENVIRONMENTAL SUSTAINABILITY IN MARKETING AND BUSINESS
DEVELOPMENT AMONGST CONSTRUCTION MAJORS
Hedly Smyth

1

INCENTIVES TO CATALYSE GREEN BUILDING CERTIFICATIONS FOR BUILDING CONSTRUCTION
Radhlinah Aulin, Filip Elland

13

ESTABLISHING A STAKEHOLDER FRAMWORK FOR ECO‐CITY DEVELOPMENT
‐WITH A CASE STUDY OF CHINESE ECO‐CITY
Yao Yao, Hans Lind, Tina Karrbom Gustavsson

24

THE FIRST GREAT METROPOLITAN PARK OF THE 21ST CENTURY: A MANIFESTATION OF
GREEN URBANIZATION
Eric R. P. Farr, Poorang Piroozfar

36

THE ROLE OF SHOPPING CENTRES IN THE SUSTAINABLE TRANSITION OF NEIGHBOURHOODS
Matthias Haase, Ruth Woods

48

GREEN PLANNING CHALLENGES AND OPPORTUNITIES ‐ A SYSTEM DYNAMICS PERSPECTIVE
Peter Heffron

59

Sustainable Design
SUSTAINABILITY EVALUATION OF RETROFITTING AND RENOVATION OF BUILDINGS IN EARLY
STAGES
Per Anker Jensen, Esmir Maslesa, Navid Gohardani, Folke Björk, Stratis Kanarachos,
Paris A. Fokaides

70

SUSTAINABLE TRANSFORMATION OF EXISTING BUILDINGS – A CASE STUDY OF A
TRANSFORMATION OF A BARN AT CAMPHILL ROTVOLL
Alise Plavina, Matthias Haase

81

PARTNERING FOR THE DEVELOPMENT OF AN ENERGY‐POSITIVE BUILDING. CASE STUDY OF
POWERHOUSE #1
Torill Meistad

92

LCA OF NANO‐COATED WOODEN CLADDINGS UTILIZING ACCELERATED AGEING TEST
RESULTS
Selamawit M. Fufa, Bjørn Petter Jelle, Rolf André Bohne, Carine Grossrieder

ix

102

7th Nordic Conference on Construction Economics and Organisation 2013

THE ROLE OF ACCELERATED CLIMATE AGEING OF BUILDING MATERIALS, COMPONENTS AND
STRUCTURES IN THE LABORATORY
Bjørn Petter Jelle

111

Sustainability and People
ON THE DIFFERENCE BETWEEN PROJECT MANAGEMENT SUCCESS AND PROJECT SUCCESS
Hallgrim Hjelmbrekke, Ola Lædre, Jardar Lohne

123

SUSTAINABLE LOW COST HOUSING FOR THE SOCIALLY DISADVANTAGED: THE VASSNESET
EXAMPLE
Ruth Woods, Kari Hovin Kjølle, Lars Gullbrekken

134

RESPONSIBILITY FOR ADHERING TO SUSTAINABILITY IN PROJECT MANAGEMENT
Debby Goedknegt

145

WORKPRACTICE – IMPACT ON USERS’ ASSESSMENT OF USABILITY
Siri Hunnes Blakstad, Kari Hovin Kjølle

155

Track 2: Organizing for Execution
Governance and Strategy Implementation
PARTNERSHIPS IN COMPLEX PROJECTS: AGENCY, INNOVATION AND GOVERNANCE
Kim Haugbølle, Frédéric Bougrain, Marianne Forman, Stefan Christoffer Gottlieb

166

THE NORWEGIAN PROJECT GOVERNANCE SYSTEM: WEAKNESSES AND IMPROVEMENTS
Asmamaw Tadege Shiferaw

178

MANAGING PUBLIC INFRASTRUCTURE NETWORKS. ON THE HORNS OF SEVERAL DILEMMAS
Wim Leendertse, Jos Arts

191

THE DUTCH PROJECT GOVERNANCE SYSTEM: WEAKNESSES AND IMPROVEMENTS
Asmamaw Tadege Shiferaw

203

ENHANCING CUSTOMER ORIENTATION IN CONSTRUCTION INDUSTRY BY MEANS OF NEW
Päivi Jäväjä, Sunil Suwal, Janne Porkka, Nusrat Jung

215

EXPERIMENTAL DESIGN STRATEGY AS PART OF AN INNOVATIVE CONSTRUCTION INDUSTRY
G. Maarten Gjaltema, Rogier P. P. Laterveer, Ruben Vrijhoef

227

IMPLICATIONS OF STRATEGY IN INDUSTRIALIZED HOUSE‐BUILDING – A LONGITUDINAL CASE
STUDY
Louise Bildsten

239

x

7th Nordic Conference on Construction Economics and Organisation 2013

IMPLEMENTATION OF STRATEGIES: A CASE STUDY OF A MUNICIPALITY OWNED HOUSING
COMPANY
Tobias Alfljung, Ebba Birging, Sigrid Gunnemark, Sara Lindskog, Lorenz Mc Namara,
Göran Lindahl, Pernilla Gluch

247

BOARD OF DIRECTORS’ RESPONSIBILITY FOR CONSTRUCTION PROJECTS
Ole Jonny Klakegg, David Shannon

257

Decision Making and Relationships
THE NEW COMMON GROUND: UNDERSTANDING VALUE
Hallgrim Hjelmbrekke, Ole Jonny Klakegg

269

FACILITIES MANAGEMENT AND CONSTRUCTION CONVERGE IN A RENOVATION PROJECT
Terttu Vainio, Veli Möttönen, Timo Kauppinen, Anne Tolman

282

US OR THEM? A CASE STUDY OF TWO INTERNAL PROJECT TEAMS DURING CONSTRUCTION
OF A NEW CORPORATE HQ
Siri Hunnes Blakstad, Nils O.E. Olsson

290

USE OF COLLABORATIVE WORKING IN CONSTRUCTION PROJECTS WITH HIGH ENERGY
AMBITIONS
Torill Meistad, Marit Støre Valen, Jardar Lohne

302

THE INTERPLAY OF EMOTIONAL INTELLIGENCE AND TRUST IN PROJECT RELATIONSHIPS
Nicholas Boot‐Handford, Hedley Smyth

314

MANAGING STAKEHOLDER RELATIONSHIPS IN PPP PROJECTS
J. Siering, A. Svensson, G. Lindahl

324

Learning from Projects
EXPLOITATION OF EXPLORATORY KNOWLEDGE: A MULTIPLE CASE STUDY OF KNOWLEDGE
DIFFUSION FROM DEMONSTRATION PROJECTS
Anders Vennström, Per Erik Eriksson

335

WHAT HAVE WE LEARNED ABOUT THE SOCIAL ASPECT IN LEARNING IN THE CONTEXT OF
CONSTRUCTION PROJECTS BY NOW? – A REVIEW OF THE EARLIER STUDIES
Anne Kokkonen

346

LEARNING IN THE EARLY DESIGN PHASE OF AN INFRASTRUCTURE DEVELOPMENT PROJECT
Therese Eriksson

357

INFORMAL, INCIDENTAL NATURE OF KNOWLEDGE SHARING IN CONSTRUCTION PROJECTS
Anandasivakumar Ekambaram, Hans Petter Krane

368

xi

7th Nordic Conference on Construction Economics and Organisation 2013

Track 3: Efficiency in Construction
The human aspect in construction
EMPLOYEE ENGAGEMENT IN INNOVATION FOR THE BUILT ENVIRONMENT
Natalya Sergeeva

379

USING COMMUNITIES OF PRACTICE TO INTEGRATE INDUSTRIAL KNOWLEDGE INTO
COOPERATIVE RESEARCH ON SUSTAINABILITY IN STEEL CONSTRUCTION
Gregor Nuesse, M. Limbachiya, R. Herr

390

THE DAILY LIFE OF A CONSTRUCTION CONTRACTOR – MULTIPLICITY IN PRODUCTION
STRATEGIES
Helena Johnsson

404

BOUNDARY SPANNING IN CONSTRUCTION PROJECTS: TOWARDS A MODEL FOR MANAGING
EFFICIENT COLLABORATION
Tina Karrbom Gustavsson

415

ASSESSING CONSTRUCTION END USER VALUES
Anders Björnfot, Leif Erik Storm, Eskild Narum Bakken

427

OPEN INNOVATION IN PROJECT‐BASED INDUSTRIES: THE CASE OF AN OPEN INNOVATION
PROJECT IN CONSTRUCTION
Marianne Forman, Kim Haugbølle

440

MANAGING EXPLORATION AND EXPLOITATION IN CONSTRUCTION PROJECTS
Per Erik Eriksson, Henrik Szentes

451

Productivity and quality
A HOLISTIC APPROACH TO ACQUISITION OF BUILDING INFORMATION FOR A MORE
EFFICIENT COLLABORATION
Pouriya Parsanezhad, Väino Tarandi

461

CHALLENGES IN ENGAGING THE CLIENT DURING THE CAPTURE, TRANSLATION,
TRANSFORMATION AND DELIVERY (CTTD) OF CLIENT REQUIREMENTS (CR) WITHIN
THEBUILDING INFORMATION MODELLING (BIM) ENVIRONMENT
Fara Atiquah Shahrin, Eric Johansen

469

IMPROVING INTERORGANIZATIONAL DESIGN PRACTICES IN THE WOOD‐BASED BUILDING
INDUSTRY
Christoph Merschbrock, B. E. Munkvold

479

LOSS AND PRODUCTIVITY IN PERFORMANCE OF CONCRETE STRUCTURE: A CASE STUDY
Alberto Casado Lordsleem Jr., Fábia Kamilly Andrade, Suenne Correia Pinho

490

xii

7th Nordic Conference on Construction Economics and Organisation 2013

PROGRAM OF PERFORMANCE INDICATORS FOR CEMENT‐BASED TECHNOLOGY
CONSTRUCTION
Alberto Casado Lordsleem Jr., Suenne Andressa Correia Pinho

501

QUALITY PROGRESS MODEL FOR BUILDING CONSTRUCTION
Jussi M. Savolainen, Kalle E. Kähkönen

512

Supply chains and planning
CHARACTERISTICS OF SUPPLY CHAIN MANAGEMENT IN SYSTEMS BUILDING AND
IMPLICATIONS FOR SMALL BUSINESS
Jarkko Erikshammar

520

INCENTIVE BASED PROCUREMENT IN CONSTRUCTION PARTNERING
Emilio Johansson, Robert Ågren, Stefan Olander

530

A WAY TO EMPIRICALLY DEFINE CONTRACTING FORMS IN CONSTRUCTION
Johan Nyström

539

COORDINATED SUPPLY CHAIN PLANNING IN CONSTRUCTION
Micael Thunberg, Fredrik Persson, Martin Rudberg

546

SINGULARITY FUNCTIONS FOR INTEGRATING TEMPORAL AND FINANCIAL CONSTRAINT
MODEL OF CONSTRUCTION PROJECTS
Gunnar Lucko, Richard C. Thompson

557

TOWARDS A TAXONOMY OF PLANNING AND SCHEDULING METHODS IN THE CONTEXT OF
CONSTRUCTION MANAGEMENT
Hammad Al Nasseri, Kristian Widén, Radhlinah Aulin

570

ADDRESSING THE DUE‐DATE‐DELIVERY PROBLEM OF DESIGN IN CONSTRUCTION PROJECTS
Kai Haakon Kristensen, Bjørn Andersen, Olav Torp

582

xiii

7th Nordic Conference on Construction Economics and Organisation 2013

“GREEN" OR MATURING? ENVIRONMENTAL SUSTAINABILITY
IN MARKETING AND BUSINESS DEVELOPMENT AMONGST
CONSTRUCTION MAJORS
Hedley Smyth
School of Construction and Project Management, University College London
e-mail: h.smyth@ucl.ac.uk
Abstract. Perhaps international construction majors are “green” or maturing their green credentials
and credibility. Thus, to what extent are major international contractors addressing environmental
sustainability? The degree to which this is happening could be reasonably expected to be evident in
marketing strategies and business development practices. Three possible options are examined: i)
regulatory compliance, ii) alignment with best practice, iii) technical and service development to
levels yielding competitive advantage. Four international construction majors are examined at
several levels: a) amongst personnel with direct marketing and business development responsibilities,
b) amongst other key functions that hold indirect marketing and business development roles in these
respects, and c) the extent of effective vertical and cross-functional interfaces with marketing and
business development. An inductive and qualitative case-based methodology and methods using semistructured interviews was applied. The research found that international contracting majors are
responders and followers to market drivers rather than proactive developers of technologies and
services for injection into their projects to the benefit of clients and society. At a detailed level,
marketing and business development proclaimed the “green” policies and practices, but these were
largely framed around compliance and best practice rather than proactive development. This finding
was supported in the hierarchy and cross-functionally with the result that the construction majors,
which are leaders in the sector, have yet to add value in terms of environmental sustainability. In sum,
they are “green” rather than maturing their green credentials and credibility.

KEYWORDS: Business Development, Environmental Sustainability, Market Drivers,
Marketing, Technical and Service Development
1 INTRODUCTION
Are international construction majors ‘green’ in the sense of being in the early stages of
developing environmental service capabilities or are they “green” in the sense of being
mature in their credentials and credibility? This entry point provides the springboard to
examine environmental sustainability (ES) from the marketing and business development
(BD) standpoint because these functions commence at the start of project lifecycles, where
credentials are claimed and proclaimed to clients and stakeholders. A mature approach to ES
should reasonably be evident in marketing and BD practices. Major international contractors
could also be expected to be leaders and thus at the forefront of developments. The extent to
which major international contractors are addressing ES and developing mature capabilities
are likely to fall within three possible options, comprising a predominant emphasis upon:
1. Regulatory compliance – with laws, regulations and standards;
2. Alignment with best practice – within the sector, benchmarked against other sectors
and as part of corporate social responsibility;
3. Technical and service development to levels yielding competitive advantage – that
stretch capabilities beyond marginal improvement amongst the competition and
1
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develop specialisms that differentiate value propositions.
To examine these options, the definition of ES is accepted in terms of the dialogue and
content espoused amongst the companies investigated, that is, company definitions, responses
and actions as to what constitutes ES. It is accepted that contractors are unlikely to be market
makers, yet market followers that have to carve out their market position of which ES can
play as a part, especially when the extensive bundles of (potential) environmental capabilities
might be in increased demand.
Four international construction majors are examined: a) amongst personnel with direct
marketing and BD responsibilities, b) amongst other key functions that hold indirect
marketing and BD roles, and c) at the vertical and cross-functional interfaces with marketing
and BD. Methodologically, an inductive and interpretative approach is adopted, recognising
the subjectivity of respondents taking part in the semi-structured interviews and the
subjectivity of interpreting the data collected. Whilst the literature was used to provide
context and frame the analysis, the questions were not directly informed by the literature. An
inductive and qualitative case-based method was employed. Claims are not made that the
findings and analysis will lead to theory building. The findings will improve understanding of
industry responses to dynamic environmental issues, and provide insights about marketing
and BD in contracting organisations, which remain under-researched. Marketing and BD is
addressed as part of the potential ES set of responses and actions.
The findings show international contracting majors to be reactive responders and
followers to market drivers rather than proactive developers of ES technologies and services.
Marketing managers and BD managers (BDMs) were aware of the need for ES inclusion into
prequalification documentation but were inactive in developing ES value propositions for
win-strategies and project execution. BDMs proclaimed their “green” policies and practices.
Two of the case companies rhetorically expounded their leadership role in the practical
development. Yet, action was confined to compliance and ‘best’ practice rather than
proactive service development or market advantage. These findings were supported by a lack
of systematic integration of functions for leading construction majors to add value in terms of
ES and from a BD perspective, as opposed to meeting the minimum requirements. In sum,
they are green in the sense of being immature. The companies examined are thought to be
typical.
The paper proceeds as follows. A brief literature review covers two main areas, namely,
ES, and marketing and BD, followed by a methodology and methods section. The findings
and analysis of the empirical investigation are then presented. Conclusions and
recommendations for research and practice round off the work.
2 LITERATURE REVIEW
Marketing and ES are two large topic areas, which cannot be reviewed in full. Nor is it
necessary to offer detailed reviews because the analysis will primarily proceed inductively
with the literature acting as context and for comparative purposes to assess both new
knowledge and theoretical enrichment. In addition, the definition of ES is being accepted in
terms of the companies investigated.
2.1 Environmental sustainability
Construction is part of facility and infrastructure provision; it is part of the development
process. As context, ES is concerned with improvement for long- and short-term outcomes
through meeting economic, social, cultural and technological needs (Sage, 1998; Preece et al,
2011). Awareness has been increasing in the global ES issues since the UN Rio de Janeiro
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Earth Summit in 1992, the Kyoto protocols and the more recent Copenhagen summit.
Sustainable development concepts and practices have been introduced. Sustainable
construction is described as part of sustainable development, which includes design,
tendering, site planning and organisation, material selection, recycling, and waste
minimisation (Langston and Ding, 2001). Construction industries potentially have a
significant contribution to make as construction, building materials and associated
professional services account for circa 10% of GDP and are major employers in developed
countries (Ive and Gruneberg, 2000). How the construction industry responds is a matter of
applied practice and for research investigation.
Establishing principles for sustainable development is problematic, linking back to
definitions and scoping of ES. Whilst the aim is to avoid narrowing the focus, it is
appropriate to review the kinds of issues that can be embraced. Facility lifecycle chronology
is pertinent in that:
1. Pre-construction involves design and front-end construction considerations,
requirements and design configuration, and the manner in which work packages are
configured in relation to design rework and construction integrity in situ;
2. Construction product involves embodied energy derived from the design and
construction, e.g. specification and choice of materials to meet specification;
3. Project management involves methodologies, management and behavioural practice
to increase efficiency;
4. Use involves whole life costs of the fabric and operations, plus facilities management.
“Design and cost in use” factors are most significant, more so than how contractors
perform, yet all issues are worthy of address given the sector contribution to GDP and its
environmental impact. Efficient and effective input control criteria are important for:
i)
ii)
iii)
iv)
v)
vi)

Minimisation of resource consumption.
Maximisation of resource reuse.
Use of renewable and recyclable resources.
Protection of the natural environment.
Creation of a healthy and non-toxic environment.
Pursuit of quality (Miyatake, 1996; Preece et al, 2011).

Further, there are theoretical concepts that can be mobilised to achieve goals, for example:




Lean construction applying waste elimination and last planner to increase efficiency;
Agile practices to increase effectiveness;
Concepts of innovation and adoption.

This review might be expected to inform the types of responses and actions of individual
contractors in the marketplace. Approaches to establish applied principles arise from different
practice-based viewpoints and thus can be seen as lenses through which practice can be
developed and inductive research proceed. The lenses applied by practitioners frame this
analysis rather than been inductively imposed by theory. How ES is evidenced on the ground
can be expected to engage with multiple organisational functions, such as bid management,
procurement and supply chain management. Marketing and BD functions are important
functions that help shape projects (e.g. Cova et al, 2002), including ES value and service
provision.
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2.2 Marketing and business development
Levitt (1983) defined marketing as creating and keeping a customer. Kotler (2000)
adopted an inclusive approach, as do many national professional marketing bodies. The
marketing mix (Borden, 1964; see also McCarthy, 1964) was originally based upon four
ingredients (4Ps, comprising product, place, promotion and price) and subsequent variants.
Relationship marketing (Berry, 1983) developed around business-to-business (B2B)
relationships, particularly intangible services. Precise definitions arise from paradigm choice.
The marketing mix is transactional and has been dominant in project markets (Cova et al,
2002). It remains a strong force, especially where bid price is the overriding criterion and
despite the fact that outturn prices vary considerably from bid prices (Skitmore and Smyth,
2007). The transactional location of the marketing mix is at the discrete points of contract
exchange and stage payments. From a sales perspective, BD is reactive, soliciting project
pipeline information and engaging with clients to prequalify for projects (Smyth, 2000).
Relationship marketing is client focused, tailor-made services being configured for each
exchange to add product and service value through in-depth understanding of clients.
Anticipated repeat business and premium profit are direct benefits to the supplier (e.g.
Grönroos, 2000; Gummesson, 2000; Christopher et al, 2002). Here, the supplier is a proactive
market manager (Smyth, 2000) and shaper of projects (Cova et al, 2002). Relationship
marketing emphasises service as well as technical and technological content. This has been
developed in a project context as project marketing, where the shaping of projects is a
particular concept pertinent to this research on ES (e.g. Cova et al, 2002).
Marketing conceptually includes strategies for implementation, that is, selling or BD
(Preece et al, 2003). Historically, BD has been isolated from other functions and site
operations (Pinto and Covin, 1992; Turner, 1995). Under relationship marketing, BD
conceptually starts prior to a project being identifiable (Cova et al, 2002) and continues
through the front-end and into project management during the execution phase and beyond
completion, that is the “sleeping relationship” with BD sights aimed at repeat business and
referrals (Cova et al, 2002; Smyth and Fitch, 2009). It has been claimed that BD is in
transition from the transactional marketing mix approach towards a relationship marketing
approach (Smyth, 2000; Preece et al 2003; Smyth and Fitch, 2009). Yet BDMs were recently
found to treat other parties as sources of information to progress projects through the project
pipeline, rather than applying any management guidance to build different types of
relationship (Chambers et al, 2009). This may act as a constraint for developing ES when
projects are shaped.
Integrated cross-functional systems are ideally needed over project lifecycles to deliver
integrated solutions that satisfy client needs, including ES content and service provision.
Such systems are key to levering value and reducing resource inputs to effect sustainable
development. “Green marketing” became a term emanating from Europe that has been
applied to reflect and promote ES practices (Cai and Li, 2008). “Green marketing”
incorporates product and process in ways that benefit the customer, supplier as well as the
environment (Polonsky, 1994). It aims to bring together marketing and ES. It lacks rigorous
conceptual content; it is a lens to focus activity and promote services that could aid project
shaping.
Construction majors have become less responsible for production on site. From a
marketing perspective they are responsible for integrating value propositions and solutions
supplied by others: they are systems integrators selling integrated solutions (Davies et al,
2007). The capabilities necessary for this role are the ability to identify, capture and deliver
ES value from in-house, supplier and subcontractor networks. ES requires different sets of
technical capability, more so if specialist areas of expertise are developed to differentiate the
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service. Identification and integration starts at the BD stage. BDMs have a primary role in
shaping projects (Cova et al, 2002), in this case, ES propositions to form valuable solutions
for integration and delivery during execution.
3 METHODOLOGY AND METHODS
Interpretative methodologies respect the value-laden nature of research: the subjective
views of respondents and the subjectivity of analysis (Krige, 1979; Sayer, 1992; Denzin,
2002). Respecting perceptions helps enrich understanding of action and behaviour amongst
respondents and actors with whom they interact. It respects the strengths and weaknesses of
organisational artifacts and processes, helping to yield meaning around evidential patterns
and draw attention to significant events and outcomes (Smyth and Morris, 2007).
Table 1 : Schedule of case study contractors and personnel
Contractor Ownership Primary
Divisions
Alias
Activities
Interviewed
EU country Civil
Civil
EUCo
Engineering &
Engineering &
Infrastructure
Infrastructure
and Specialist
Subcontracting

EuroCo

European

Building, Civil
Engineering &
Infrastructure
and Specialist
Subcontracting

Building, Civil
Engineering &
Infrastructure

AntCo

Antipodean

Construction
and
Development

Construction

UKCo

UK

Building, Civil
Engineering &
Infrastructure,
Consultancy

Infrastructure
and
Consultancy

Interview Respondents
Chief Executive
2 Regional Business
Development Managers
(BDMs), 1 Senior BDM
and 2 BDMs
Head of Public Relations
and Communications
Contracts Manager
Head of Business
Processes and
Sustainability
Customer Solutions
Director
Head of BD
Sector BDM
BD Coordinator
Head of Procurement
Commercial Director
Technical Service Director
2 Project Directors
Head of New Business
Head of Procurement
Bid Manager
Head of Project
Management
BD Director
2 BDMs
Head of Procurement
2 Project Managers

Source: Smyth, 2013.
An inductive case study method (Yin, 2003) was adopted. Specifically, a case-based
approach was applied (Eisenhardt, 1989; 2007), using semi-structured interviews to solicit
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qualitative data to address why and how issues. The analysis presented here is part of a
broader programme of work with different aspects of the findings being reported elsewhere
(e.g. Smyth, 2013; Smyth and Kusuma, 2013). The substantive focus here is ES. In contrast
to Eisenhardt’s hybrid approach to grounded theory, there is no expectation of theory
building from this analysis. Rather the aim is to ascertain whether ES, marketing and BD
functions are linked on the ground through evidence and then to interpret the findings in the
light of theory.
The UK operations of four international construction majors were investigated through a
series of semi-structured interviews conducted over the first and second quarters of 2012. The
number of interviews per contractor varied slightly, the general approach being to cover a
Board Member with responsibility for Marketing, Head of Marketing/Business Development,
two Business Development Managers (BDMs), Head of Procurement, and two Project
Managers. All companies and personnel interviewed are kept anonymous for reporting
purposes. The research has not been concerned with individual performance. The focus is
organisational, and concerns business effectiveness. A schedule is provided in the Table 1.
The inductive approach means that the case study firms set their own parameters as to
what constitutes ES, indeed marketing and BD. The extent to which the evidence aligns with
theory, especially marketing theory, provides the basis to evaluate how penetrating ES is in
project business practice located in a competitive marketplace.
4 FINDINGS AND ANALYSIS
The prioritisation of “environmental sustainability” was addressed to all respondents,
respecting the definition, and understanding they each carried and responsive action taken for
ES. Profit was assumed as a given priority for survival and growth. Health and Safety (H&S)
figured strongly as an equal top priority with one senior management respondent saying that
H&S was necessary to be “in the game”. ES was generally described as a second level
priority – see Table 2 – thus yet to be fully developed in thinking and action. This overview,
which was taken as a “snapshot” in all firms, was confirmed at a more detailed level through
subsequent evidence provided.
There was a widespread recognition that ES was becoming increasingly important,
although internal company rhetoric appeared to be ahead of practice (see below). Project
Managers recorded the lowest priority for ES, hence for site operations (Table 2). One
possible reason was due to the implementation of behavioural programmes akin to H&S.
Behaviour covered site operations yet extended to cover the rest of people’s life (cf. Roberts
et al, 2012). A behavioural programme is easier to apply to office rather than site operations
for ES, so mainly covered issues of travel to work, recycling in the office and the rest of
people’s personal life. EUCo started a behavioural initiative with these attributes through a
series of workshops. Progress on site has also been constrained by client rollback, recession
constraining the demand and development of environment-related services. Clients, including
the government, were reported as currently interested in lower costs; therefore sustainability
is perceived to the extent of employing lean agendas for site operations and reduced whole
life costs. Therefore importance was being ascribed to ES but it was not penetrating the
project lifecycle and project execution. This begs the question as to whether it was being
given consideration at the front of the front-end where projects are (potentially) shaped
through marketing and BD functions.
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Table 2 : Prioritisation of environmental sustainability
Company

Respondent

EUCo

Chief Executive
BDM
BDM
BDM

EuroCo

AntCo

UKCo

Head Public Relations
and Communications
BD Director
Contracts Manager
Head of Business
Processes and
Sustainability
Customer Solutions
Director
Head of BD

Environmental Sustainability
Prioritisation
Comment
(Rank where
stated)
2nd or lower
Aspirational initiative
…almost a given
2nd or lower
Important for particular clients
H&S is no.1, and sustainability is
linked through behaviours and
cultures
Talked about H&S, not ES
2nd or lower
2nd

Company has won awards in the
area

2nd

A second tier priority

2nd

Would not add 1% total to a bid
price for it: “its not belt and braces,
just braces”.
Company has won awards in the
area
A differentiator for selling
1st as the “party line”; lower in
reality
1st for limiting environmental
damage, not marketing; “they still
have a long way to go”
Compliance
They want to leave positive legacies
“We are genuinely better than the
competition on that. …It's a huge
differentiator.”
A “core belief” and needs to be
embedded to be effective
“We fly the corporate flag”; “the
messages they want to portray to the
world”
“Just trying to shape what that looks
like”
“…being forced down that avenue.
Whether we would have done it
naturally is a matter of debate.”
“…very much there”; yet still on the
margin of becoming a top priority
Moving up the pecking order
ES is addressed through the lenses
of compliance and best practice in
PQQs; not an active part of
marketing and BD

BDM

2nd

BD Coordinator
Project Director
Project Director

2nd
3rd
2nd or lower

Technical Service
Director

1st-2nd

Commercial Director
Head of New Business
Head of Procurement
Bid Manager

2nd
2nd

Head of Project
Management
BD Director

2nd or lower

Head of Procurement

2nd

Project Manager

-

Project Manager

2nd or lower

BDM
BDM

2nd or lower
2nd or lower

-
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BDMs gave ES a similar prioritisation to other respondents (Table 2). BDMs acted in
response mode rather than proactively developing value propositions: “If you know the
drivers you can recognise what opportunities are likely to have most success…” (Interview
with a Senior BDM, EUCo). Understanding “drivers” was problematic. Personnel across the
case companies repeatedly hide behind business jargon; the real issues were obscured and
value compromised. To most respondents, “client drivers” concerned getting information on
project requirements, to some respondents it meant understanding the criteria of key clients
and professional decision makers, to a few it meant understanding client business solutions or
organisational purposes the projects were addressing, and to one person it meant
understanding the client core business to appreciate what they perceive as valuable. This
finding pervaded all opportunities to shape projects, but specifically affected ES. Identifying
and capturing ES covers multiple functions, starting with value configuration derived from
BD – shaping that helps assess how “green” or mature firms are in relation to ES.
For EuroCo specifically, added value was largely perceived to be about cost reduction via
lean and value engineering. BDMs were selling a vision rather than making promises. The
Customer Solutions Director emphasised managing risk, rather than value as the selling point.
ES was confined to meeting requirements. It was part of EuroCo’s marketing strategy,
however, this was more concerned with compliance to secure qualification than delivering
value during execution. Similarly, EUCo’s top management stated that all the identification
of value comes through BD, and is injected into the prequalification stage.
Across all the case companies, BDMs failed to understand supply chain capabilities and
key suppliers as a means to add value in tailored ways to suit client needs. Similarly,
Procurement was insufficiently engaged with BDMs across the companies in order to
effectively align procurement decisions with client needs. Therefore, identifying technical
value propositions was marginal for BDMs. Value was inadequately handled between BDMs,
Bid Managers, during post-tender negotiations by Procurement and Project Managers in
execution. As a EUCo Senior Business Development Director commented, the one thing is
that there is a lack of imagination; and furthermore, the company does not recognise itself as
a service provider. Therefore, developing capabilities to secure certain types of ES
technological and service content that would aid BD and responding to particular ES
requirements of clients was largely excluded through Procurement and supply chain
management functions, which developed their own independent qualifying processes.
Bid Managers, Procurement and Project Managers therefore address projects through their
own lenses of expertise, typically reinforced through a task rather than a service or client
focus. ES provision is seen as purely technical defined separately through each function, in
evidence through the separate and independent procurement system and application of ES
principles within Procurement. AntCo’s Procurement had some sound sourcing principles for
suppliers, yet there was insufficient ES collaboration with subcontractors. An AntCo Bid
Manager stated: They do work fantastically well together if they are joined together in the
right way. Silo thinking was reported as dominant and did not identify opportunities early
enough in the cycle – they have yet to develop “stretch targets” and map out pathways to
develop and mature capabilities (Interview with the Head of Project Management, AntCo).
The approach was to respond bid-by-bid, project-by-project rather than to develop consistent
capabilities because it was reported, “Power builds up walls” (Interview with a Bid Manager,
AntCo).
In EUCo, responsible sourcing had been introduced, yet ES practices were not working
well with subcontractors (Interview with the Head of Business Processes and Sustainability,
EUCo). Every bid has a sustainability impact assessment and every trade “a heat map” and
risk mitigation assessment, but this only extended to the first tier of supply chains.
Assessment was more concerned with risk than ES criteria. As a Contracts Manager
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reflectively commented: We are not great of thinking of more for ourselves. In EuroCo, all
subcontractors were assessed against their KPIs for their last three projects. Subcontractors
sign a sustainability procurement document, covering: H&S; ethical sourcing; equality,
diversity and inclusion; environmental and green sourcing; best value procurement; quality
management. This initiative was adopted from the public sector, the Olympic Delivery
Authority and the Greater London Authority policies being influencers. There was an
expectation that subcontractors reach the same standards as EuroCo, but there were
mismatches. The company has introduced coaching and support to improve subcontractor
performance. UKCo have also introduced centrally led strategic sourcing in procurement. It
had not yet resulted in a seamless ES service. UKCo were probably lagging compared to the
other three case companies in this respect.
All the companies had procurement systems that were uneven and partial in relation to ES.
Procurement did not interface with other functions, including marketing and BD, hampering
the ability to deliver integrated services and added ES value. Thinking and systems were
confined to departmental expertise and function respectively. Subcontracts and work
packages across all the companies were divided up for ease of contractual management and
risk management rather than value maximisation. There were weak systems between
functions across project lifecycles (cf. Roberts et al, 2012).
Main contractors are said to be systems integrators selling integrated solutions (Davies et
al, 2007). They subcontract work for design on D&B, PPP and turnkey projects and
subcontract site work. All the case companies subcontracted site work. Three companies had
specialist subcontract divisions, one of which included professional services, yet they were
treated along similar lines to subcontractors. The case companies were inefficient and
ineffective systems integrators from an ES value viewpoint, although they may be deemed
efficient from an economic perspective of input-output ratios, return on capital employed
(ROCE), where survival drives costs and investment to minimal functional levels (Skitmore
and Smyth, 2007), which are functions of effective risk management outcomes. Meeting time,
cost and quality/scope against the requirements at a minimal level provided the activity focus
for ES. In EUCo, ES was about compliance with regulations and pursuit of best practice.
Clients drove change. The construction majors were not driving the development of new
environmental capabilities and specialisms to differentiate value propositions as winstrategies and secure competitive advantage.
There was a sense that rhetoric is extended beyond reality. Three case companies stated
they were the best: We are genuinely better than the competition on that. …It's a huge
differentiator (Interview with a Bid Manager, AntCo). They cannot all be ‘best’ or equal best.
It is likely that several are close and insufficiently differentiated: …there is a lot of spin going
on around sustainability… and a lot more that could be done (Interview with the Chief
Executive, EUCo). As a EuroCo Contracts Manager admitted about environmental
capability: It needs to be more honed and get more direct applications made use of. …We are
too inward facing. We are not brave enough approaching clients.
In summary, BDMs tended to be isolated. They did not shape projects towards developing
ES (cf. Cova et al, 2002). The case companies are largely structured around projects and
project tasks rather than clients or services. The front-end and project management lacked
integration (cf. Morris, 1994). There was a great deal of rhetoric about ES, but it lack
substantive content and most of the actions were stated as meeting regulatory requirements
and accepted (largely undifferentiated) industry standards. ES compliance and ‘best’ practice
therefore dominated despite claims to go further. Compliance is conformance to regulatory
and company policy, whereas reflective practice is aimed to improve behaviour in
management and for site operations. To paraphrase from recent H&S research:
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Marketing and [ES] were largely disconnected strategically. There was evidence of
tactically using [ES] in pitching for work, following conformance and track record,
especially for prequalification. Service development for competitive advantage and
adding service value was absent. (Smyth et al, 2012)
5 CONCLUSIONS AND RECOMMENDATIONS
International construction majors are responders and followers rather than proactive
developers of ES technologies and services for clients and society. Marketing and BD
proclaimed the “green” policies and practices, termed ES in the findings. Several of the case
companies rhetorically expounded their leadership role, yet practice fell short. Substantive
content was aligned to regulatory requirements and industry standards. Action was therefore
framed around compliance and best practice rather than technical content and service
development. Content that is aligned with regulatory requirements and industry standards
fails to differentiate ES responses that would to align with effective marketing. Thus the
companies were ‘green’ rather than mature in establishing ES credentials and credibility.
From the marketing perspective, it would be reasonable to expect that ES might form a
service of competitive advantage, driven by cost reduction or added value, but this was not
found in this research, confirming other research on H&S as service provision (Smyth et al,
2012). Therefore in terms of capability maturity set out at the beginning, regulatory
compliance and alignment with best practice were prevalent rather than technical and service
development to yield competitive advantage. Thus, the analysis found international
contractors fall short of adequate systems integration (cf. Davies et al, 2007) because of the
lack of internal systems as well as a consequential lack of systems for drawing together
suppliers and subcontractors to deliver ES, and contractors were not proactively developing
ES services; they remain reactive.
Normative or prescriptive ES capability is not essential. Yet the findings show that most
of the case companies believe they have developed these capabilities and are leaders. The
findings contradict the claims made. ES is a domain for socio-political and economic
concerns, which society is trying to address. The international contractors have yet to
substantially contribute to mitigate these societal concerns. Marketing and BD do not exhibit
evidence of ES development for competitiveness and are not driving ES improvement.
The number of in-depth case companies investigated is limited. Yet, the findings confirm
other recent work on marketing services (Roberts et al, 2012; Smyth et al, 2012). The ES
angle makes an original knowledge contribution derived from inductive analysis. Further
research is recommended into a broader range of contractors by size and service provision.
The practice recommendations are for contractors to develop integrated systems (Smyth and
Fitch, 2009) and senior management to develop robust approaches towards marketing and
business development.
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Abstract. In the construction industry, sustainability and greening is more than just a passing trend.
It has become an important agenda since the building sector has immense environmental impacts. It
accounts for 42% of final energy consumption and about 35% of all greenhouse gas emissions. In
order to meet these challenges, the construction industry needs to change and adopt new working
procedures which take the environment into consideration. Since studies have shown that sustainable
development contributes to economic, environmental and social benefits for organisations, it is
apparent to attract developers and property owners to invest in green buildings. The aim of this study
is to examine incentives offered to environmental certification systems for building that give
credibility to the environmental work. The discussions will begin by investigating current incentives in
existing environmental certifications system such as Green Building, Miljöbyggnad, LEED and
BREEAM. Additionally, the study will appraise the incentives that are offered in successful energy
savings sectors such as clean vehicles and other examples from the USA local governments. The study
had conducted interviews with 15 environmental experts’ to gain better understanding on existing
green certifications and new incentives that can be infused to promote green buildings. Results
demonstrate that there are no clear direct financial incentives offered to green building investors.
However intangible incentives gained from green building such as: clear goals, systematic mode of
operation, higher property value, lower operating costs, marketing profits, higher rental income and
higher status for certified green buildings are driving factors for this presently largely voluntary
practice. Likewise, the lessons learned from other successful energy savings sectors enable the
authors to conclude that proposing incentives such as favourable loan and insurance, better
insurance premiums, speedier document processing, attractive tax incentives can act as a catalyst in
stimulating the development of more green certified buildings.

KEYWORDS: green buildings, environmental assessment certifications, clean vehicle, incentives
1 INTRODUCTION
Since the 1990s, the construction industry has embarked on the environmental challenges
to going ‘green’ by embracing this issue in the whole construction process (Crawley & Aho,
1999). Green, sustainable or low energy buildings are just some of the existing names for the
building concepts that are ‘green’ in a wider sense (Nelson et al., 2010). Buildings today
consume energy and resources on a scale that is excessive and unsustainable and account for
40% of the world’s energy consumption (Clark, 2003, Nelms et al., 2007). Cook and Fleet
(2010) claimed that new buildings are using more energy than necessary every day, and
millions of today's inefficient buildings will remain standing in 2050. It is time for the
building sector to radically cut energy consumption of buildings if countries are to achieve
energy security and manage climate change. It is vital to aggressively reduce energy use in
new and existing buildings in order to reduce the planet's energy-related carbon footprint by
77% (against the 2050 target) (WBSCD, 2009). Likewise, high-growth countries such as
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China and India must also orchestrate and commit to a step change in energy efficiency.
The European Union (EU) together with countries such as the USA and Canada are
actively working with these environmental challenges. There is a growing interest among
organisations committed to environmental performance targets in recommending or
regulating sustainable construction practices and in encouraging the construction of green
buildings. These buildings incorporate sustainable technologies and construction practices
that reduce the ecological, human health and environmental life cycle impacts of a project
(Nelms et al., 2007). Sweden is moving on the right path to building sustainability. The
country is worldly recognized for its strong environmental awareness and leading position in
developing sustainable cities. Large construction companies have been active in achieving
sustainability and environmental issues. The emergence of green building certifications or
environmental certification systems (ECS) such as BREEAM (Building Research
Establishment Environmental Assessment Method), LEED (Leadership in Energy and
Environmental Design), Green Building and Miljöbyggnad has been a motivation in
promoting sustainable buildings. Property owners, developers, architects and property
financiers are now making collective efforts to advance green property construction. In 2009,
twelve companies and organizations and the cities of Stockholm and Malmö co-founded the
Sweden Green Building Council (SGBC). SGBC (a member of World Green Building
Council) aims to support the transformation to greener property construction by influencing
decision-makers, disseminating knowledge and developing various supportive tools.
The aim of this study is to examine incentives offered to environmental certification
systems that give credibility to the environmental work. The intention is to appraise the
current incentives provided for certification of green buildings. In this paper, the authors also
investigated if better incentives for green buildings are actually necessary to make it more
attractive for stakeholders. To conduct a comparative analysis, it is important that the study
examine successful energy saving sectors. The lesson learned from clean vehicles and
success stories from the USA local governments will enable the study to propose potential
incentives.
1.2 Research questions
The following research questions are designed to achieve the aim of the study:
 What are the current incentives provided for green building certifications today?
 What are the lessons learned from successful energy saving sectors that can be
adopted into the construction sector?
 Is there a need for new incentives to encourage the building industry to be more
sustainable in the future?
1.3 Limitations
The four types of green building certifications discussed are based on the certification
scheme supported by SGBC that are Green Building, Miljöbyggnad, LEED and BREAM.
This discussion will focus on green buildings that are certified. This is to eliminate
greenwashing activities. Greenwashing is when companies focus more on green marketing
than actual sustainable initiatives, or begin their marketing campaign about new sustainable
initiatives before anything is done to support these initiatives (Sharpe, 2009). Therefore,
certification credentials (third-party credentials) are one way to ensure the validity of the
green building claims by building owners when marketing their property.
2 METHOD
This qualitative study is based on descriptive research. Apart from establishing a good
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understanding on the subject matter, the literature study also focuses on investigating and
mapping current studies on incentives for green building certifications and clean vehicles. An
inductive approach was applied to develop the theoretical knowledge to formulate the
interview questions. Qualitative research interviews were conducted to gather in-depth
information from experts with front-edge competence of the subject matter. The subjects
identified for the study comprised of experts from the construction companies, housing
associations, green certification consultants and environmental experts. Standardised openended questions were posed to all interviewees. This approach facilitates faster interviews
that can be easily analysed and compared. An abduction method of analysis approach was
adopted to interpret the data collected from the interviews.
3 CARROT AND STICK ON GREEN BUILDINGS
Green, sustainable or low-energy buildings are more than just a fashion statement. It is the
practice of creating structures and using processes that are environmentally responsible and
resource-efficient throughout a building’s life-cycle: from siting to design, construction,
operation, maintenance, renovation, and deconstruction. The practice of using building
concepts that is high in energy efficiency, environmental compatibility, high value/earning, ,
advanced design strategies and technical quality, low resource intensity, lower life-cycle
costs, and good social-cultural aspects are becoming a necessity (Nelson et al., 2010). In the
US, green buildings have evolved from being voluntarily practiced by building owners,
developers, and architects to the subject of mandates and incentives at the federal level, state
level, country and local levels (Retzlaff, 2009). Most of these green buildings policies are
based on building assessment system that rates a building based on certain sustainability
criteria (Cole, 2005). Investment in environmental measures will only be made if long term
profit can be achieved. According to Nelson et al. (2010), market forces, like high energy
prices, positive marketing effects from ‘green’ corporate social responsibility (CSR) or
monetary incentives set by the government are all possible sources for the profitability of
green investment.
3.1 Benefits
Green building is an approach to building suited to the demand of its time (City of
Bloomington, IN, 2012) which has led to economic, environmental and social benefits. The
main benefits to green buildings are discussed by Kats (2003), Gluch et.al, (2009), Lallanilla,
(2012), City of Bloomington, IN. (2012) as follows:
Environmental benefits:
 Emissions reduction
 Water conservation
 Storm water management
 Temperature moderation waste reduction
Economic benefits
 Energy and water savings
 Increased property values
 Decreased infrastructure strain
 Improved employee attendance
 Increased employee productivity
 Sale improvements
 Development of local talent pool
 Lower building costs
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Social benefits
 Improved health
 Improved schools
 Healthier lifestyle and recreation
3.2 Building codes and regulations
The Swedish National Board of Housing, Building and Planning (Boverket) is rigorous in
its effort to promote sustainable development in its environmental, economic, cultural and
social aspects. One of its efforts is the implementation of the law on energy performance
certificate in 2006 based on the EU Directive on the energy performance of buildings (EPBD)
2002/91/EC. The purpose of this certification is to be economical with energy consumption
and to promote sustainable development. The certification will aid owners to diagnose
whether the building can be improved, how energy consumption can be reduced and the
operating costs decreased. Simultaneously, this helps the government to achieve its climate
goals. The Swedish Energy Agency national goal is to reduce the consumption of energy in
buildings by 20% up to 2020, and by 50% up to 2050, in comparison with the levels for 1995.
In order to achieve the target for 2020, the pace of the construction of low-energy buildings
needs to increase significantly. This involves in principle that all new constructions and
renovations need to comply with the low-energy building standards.
3.3 Environmental certification systems (ECSs)
As an important part of the sustainable construction delivery system, ECSs rating tools
play an essential role in implementing the sustainable principles into the construction
industry. BREEAM is the most extensive British certification system that has developed
different evaluation tools and manuals for different types of buildings including new and
existing buildings. Green Building is an EU initiative certification system launched in 2004 to
aid with energy efficiency process in the construction and property development.
Miljöbyggnad which has become a strong brand nationwide is developed to promote better
health and well-being and environmental issues. Table 1 below demonstrates how the four
systems differ from each other in terms of classification. BREEAM assessment is almost as
comprehensive as LEED with an extra indicator that is life cycle assessment (LCA) or life
cycle costing (LCC). All four systems have energy as a common sustainability indicator with
EU Green Building measuring solely on this aspect for certification. However, these ECSs
are increasingly criticised for being market driven, high costs and one-size-fits-all approaches
that fail to adequately address underlying environmental sustainability issues (Zimmerman
and Kibert, 2007; Sundblom, 2011). These ECSs face resistance in adoption from building
owners (who must self-finance these green initiatives) due to significantly higher
construction and documentation costs, cumbersome documentation procedures, a complex
self-reporting system that slows diffusion of green building knowledge (Zimmerman and
Kibert, 2007).
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Table 1 : Comparison between the ECS (SGB, 2012, *Elland, 2012)
Factors
Scoring
indicators

Grades

Costs*

4

BREEAM

Green Building

LEED

Miljöbyggnad

Management 12%
Health and wellbeing 15%
Energy 19%
Transport 8%
Water 6%
Material 12.5%
Waste 7.5%
Land use and ecology
10%
Pollution 10%
Innovation (bonus)
10%
Pass
Good
Very good
Excellent
Outstanding

Energy usage 100%

Water 10 point
Energy 37 point
Material & resource
13point
Indoor climate 12 point

Energy
Indoor climate
Material and
chemical
Special
environmental
requirement

Ca 750 000kr +

Bonus
Design innovation
6point
Regional priority
4 point

No grades given.
Rating is based on
the capability to
reduce energy
usage by 25%
against the energy
declaration or
against BBR
Ca 0-100 000kr

Certified
Silver
Gold
Platinum

Each indicator is
measured and
assessed to give a
final rating for the
building as a whole
either Bronze,
Silver or Gold

Ca 750 000kr +

Ca100 000250 000 kr

SUCCESSFUL GREEN INCENTIVES INTIATIVES

4.1 Incentives on clean vehicles
Similar to the ambiguity of defining green buildings, it has not yet been established the
national definition of green or clean vehicle in Sweden. Currently, the Swedish Transport
Agency defined it as a vehicle that has low climate impact, low carbon emission and other
hazardous substances and moderate noise level. The clean vehicles market had been growing
positively up to 77% from 2008- 2011 and this trend is expected to grow (Miljöfordon,
2011). One third of all cars sold in Stockholm and a quarter of all cars sold in Sweden were
alternatively fuelled vehicles. This can be partly explained by the introduction of significant
financial incentives. Current clean vehicle buyers state that their desire to reduce their own
environmental impact was the most influential factor when choosing vehicles (BEST, 2009).
Other influencing factors are purchase incentives, factors affecting running costs, and
refuelling and related infrastructure, introduction of congestion charges, the congestion trial
period and the introduction of the 10,000 SEK subsidies for alternative fuelled cars and lowCO2 cars (BEST, 2009). Table 2 presents the incentives and fringe benefits for clean vehicles.
Table 2: Summary of incentives and fringe benefits for clean vehicles (Miljöbilar, 2012)
Incentives
Green vehicle
premium

Vehicle tax

Requirement
 Conventional vehicle: Petrol and diesel vehicle with CO2
emissions not more than 120g/km
 Alternative energy consumption: Vehicles using other than petrol
or liquefied petroleum gas and fuel consumption that do not
exceed 0.92 liter petrol per 10km or 0.97m3 gas per 10km.
 Electric vehicle: Vehicles with energy consumption per 100km
that do not exceed 37kWh.
 Same requirement as the above
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Reduction of
taxable value of
fringe benefit

Reduction of
fuel tax

Reduced or free
parking
Congestion tax
Super green
vehicle
premium

 Electric vehicle, hybrid vehicle and gas vehicle - a reduction of
60% of fringe benefit in comparison with similar vehicle with
maximum of 16 000kr per year.
 Alcohol driven vehicle, ethanol and methanol- a reduction of
80% of fringe benefit in comparison with similar vehicle with
maximum of 800kr per year.
In comparison with petrol fuel tax:
 Diesel oil 70% reduction
 Natural gas 20% reduction
 Biodiesel, biogas and ethanol are not taxable except for VAT.
Varies from council to council
Need to apply for permit
Green vehicle registered not later than 31st December 2008 is
exempted from this tax. Otherwise, new vehicles need to pay.
A super green vehicle that fulfills the EU requirement (Euro 5 or
Euro 6) and have an emission not more than 50gm CO2 per km.
(From Jan 2012)

the first five years.
20-40% of fringe
benefit value

Taxes varies based
upon the choice of
alternative fuel
Free or reduced
parking fee.
Omission of
congestion tax
A premium of
40000kr for private
consumer.

4.2 The USA local government green drives
In the USA, there is lack of substantial federal and state green building legislation.
However, the cities and counties are becoming the “celebrities” amongst the band of actors
on the green building stage, where locally-based, market-driven incentives are sprouting up in
municipalities across the country (Yudelson Associates, 2007). According to the country
Green Building Council, most municipal or local governments’ actions represent marketdriven incentives such as structural incentives (expedited review/permitting process, density
& height bonuses), financial incentives (tax credits & abatements, fee reduction/waiver,
grants) and other incentives such as technical assistant and marketing assistant. It is obvious
that the local governments are achieving tremendous results for their initiatives. Details of
successes in sustainable improvements are available from ICLEI (2012) and the City of
Bloomington, IN (2012). Some of the examples of municipalities’ achievements are:
 In 2011, 150 participants in the Chicago Green Office Challenge saved a collective
amount of US$17.5 million in energy costs, reduced energy use by 124 million
kilowatt hours, kept more than 85,000 metric tons of CO2 from the atmosphere, and
diverted 43% of their wastes from landfills
 Over a one-year period, 80 diverse businesses in Charleston—from restaurants to
hotels to manufacturing facilities—launched more than 450 new green initiatives.
Eleven participants alone saved US$6,000 each by reducing their energy, water, and
waste costs.
 By deploying energy-efficient, no- to low-cost, and sustainable practices, Green
Games in the Arlington participants realised a collective savings of US$2 million and
prevented the release of 10,000 tons of CO2, or the equivalent of taking 1,996
passenger vehicles off the road for one year.
 The Green Business Network Program, a joint project between the Port District and
San Diego Gas & Electric, has found great success through friendly competition and
creating an active peer network, bringing port tenants together regularly to share their
ideas and lessons learned. The Network has also been successful because it learned
new ways to be more sustainable and to save energy and money and helped tenants go
green with the least amount of effort possible.
Each city and county seems to tailor the incentive process to best fit their particular needs.
Thus, the array of means supporting green building is growing monthly as more
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municipalities take action (Yudelson Associates, 2007). There is certainly a wealth of
knowledge and experience from which other cities may gain. Yudelson Associates (2007)
had conducted a study identifying incentives offered by local government (Table 3).
Interestingly, more than half the incentives involved direct payments, either from utilities or
local governments. About one-third of the agencies offered some “intangible” but still
valuable incentives such as expedited permit processing or assistance with publicizing the
project. Less than a quarter of agencies offered tax incentives or density bonuses, and less
than ten percent offered fee reductions.
Table 3 : Incentives offerred by local government in the USA (Yudelson Ass, 2007)
Types of local incentives
Incentive payment from a utility energy efficiency program
Direct monetary payment from a city or county (grant, rebate or reimbursement)
Expedited permit processing
Marketing/publicity/awards
State income tax credit
Property or sales tax rebates or abatements
Density bonus
Access loans/loan funds
Full or partial refunds for development fees

% offering
57
52
36
35
29
22
21
17
9

5 ENVIRONMENTAL EXPERTS’ VIEWS ON ECSs AND INCENTIVES
5.1 Respondents
The study had adopted an interview approach to capture the environmental experts’ views
on the existing green certification systems and incentives to encourage more development of
sustainable buildings. 15 respondents participated in the interviews representing the
following organisations: construction and property development companies (4), housing
associations (3), sustainable engineering and design consultants (3), Swedish Associations of
Local Authorities and Region (1), Swedish Property (1), SGBC (1), Swedish Energy Agency
(1) and Clients Group -BELOK (1).
5.2 Interview results and analysis
a. What are the driving factors to encourage environmental certification of green building?
Experts agree that green certification of buildings increase credibility to the environmental
work and not just green washing. Majority of the experts claimed that there is an increasing
demand and market for green buildings. The environmental manager from Swedish Property
is convinced that property owners play an important role as a catalyst to increase
sustainability development and must be involved throughout the whole certification process.
All experts are in agreement that the following are the driving forces encouraging
environmental certification:
 Increase commercial value to the property
 Lower maintenance costs
 Higher rental and less relocation of tenants
 Increase internal competence on environmental work
 Positive image to the company
 Higher market demand for sustainable buildings
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b. Is there any intrinsic value for certification of building?
The respondents agree that green certification of buildings not only gives credential to
environmental work but also avoid green washing. The certification acts as a proof or receipt
for property owners and building users that a property has been built according to a chosen
standard environmental system (e.g. LEED, BREAM, Green Building or Miljöbyggnad) to
achieve certain grade of green classification. The owners and users are conscious of the
environmental choices made regarding the material used, indoor climate and energy.
Furthermore, ECSs need to be carried out in a systematic mode of operation to reach certain
standard/grade. ECSs act as a tool to control sustainability in building projects or
maintenance. Here, green buildings can act a competitive mean for the best paying tenants.
c. Is there a need for more incentives to accelerate green building certifications as in clean
vehicles?
In general, all respondents agree that ECSs are getting to be more attractive even without
incentives. This is partly due to the more environmental conscious society that is ready and
willing to pay for green buildings. However, this motivation alone is incapable to boost the
diffusion of green buildings. To achieve better sustainable development, respondents suggest
that economic incentives from the governments, local council, bankers and insurance
companies will give that synergistic effect. Economic incentives listed below can be offered
to property developers interested in investing in green buildings:
 Attractive loan for both private person and company
 Better loan conditions
 Speedier building permission process
 Fast-track permit
 Tax-free on maintenance capital fund.
 Reduce property tax on green buildings
 Expert advisors and assistance
 Reduce tax on sinking fund for green buildings maintenance
d. What is the motive to invest in green certification and how do your company account for
the cost?
Respondent from Swedish Property claimed that each of the certification system is
attractive in its own way depending on the client group. ECSs had an enormous breakthrough
and today companies are acknowledging its benefits. The construction and property company
believes that the cost for classification of buildings will lower over time where the process
will be systemised within the company’s routine. Huge chunk of costs goes into the
preparation of documents based on the different rating systems and planning control. After
performing 46 Green Building certifications assessments, the Housing Association believes
that there is a synergy effect arising between ECS and the energy performance certification to
which they consider to very effective. The Housing Association respondent claimed that
projects that have green certifications gained benefits (both tangibles and intangibles) even
during the early stage of construction when right choices were made for long term
sustainability of buildings. Other reasons to invest such as goodwill, good marketing and
product branding are seen as bonuses.
6 REFLECTIONS FROM INTERVIEWS AND SUCCESS SECTORS
The experience of transport industry shows that it is possible for incentives to influence
the market spread of clean vehicles. Monetary incentives are an important part of an overall
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policy to promote clean cars, but these incentives will not have a significant impact until the
performance and reliability of a clean car is comparable to that of a conventional car (BEST,
2009). Incentives that reduce operating costs seem to be stronger than incentives affecting
purchase price. The most effective incentives seem to be those that offer the largest monetary
gain or those that drivers experience frequently, such as exemption from congestion charges.
Another observation is that incentives that introduce a privilege for clean cars are stronger
than incentives that attempt to “even out” differences between clean cars and their
conventional counterparts (BEST, 2009). Reflecting on the property development, it is
difficult to judge which certification system works best. Apart from BREEAM and LEED,
Green Building and Miljöbyggnad are currently widely used. This is due to the fact that these
two systems are designed to suit the Swedish market. However, work is on-going for the
Swedish version of BREEAM since it is an open and transparent process that covers a wide
range of factors in comparison to the local version. The study reveals that the biggest
incentive is the willingness and readiness of property owners and construction and property
companies to invest in sustainable development. In the USA, local governments are actively
offering incentives to promote green buildings in their locality. These incentives act as a
carrot in encouraging the property market to be greener. These initiatives are greatly
embraced by property owners and building companies. The lessons learned here is the vital
role for companies to be involved in designing the incentives to promote ECSs.
The importance of information dissemination in green building cannot be overstated
Spreading the benefits and advantages of going green to all stakeholders and society is
equally essential. For users, they reduce operating costs and provide a healthier and more
productive work/living environment; for owners, they may command higher rents and
provide lower vacancy rates. The social benefits bear by developers associated with green
buildings are numerous for example lower green gas emissions, lower pollution from reduced
energy and reduced waste (Kingsley, 2008). However, these benefits, on their own, are in
sufficient to motivate for the construction and property sectors to embrace the practice
(Kingsley, 2008). Therefore it is important to encourage greater energy efficiency and more
efficient resource utilization through government measures and market forces such as
strategy incentives, financial incentives and technical and marketing assistance to promote
greener buildings.
7 CONCLUSIONS
Green building is more than just a trend, where its importance and relevance will continue
to increase. The fundamental shift towards green building still faces challenges to reduce
energy consumption and greenhouse gas emissions. An important impediment is that the
earn-back period for green buildings exceed the typical holding period for normal property
(Nelson et al., 2010). The experience from the clean car market spread is good examples
where buyers are ready to pay for the high purchase price to benefit reduce operating costs.
One of the obstacles of going green is the high initial costs that deter property developers
from investments that actually yield a positive return over the life cycle of the building.
Nevertheless, this obstacle is outweighed by the manifold of benefits of going green such as
the environmental benefits (emissions reduction, water conservation, waste reduction)
economic benefits (increased property value, increased productivity, and sale improvement)
and social benefits (improved quality of life). Likewise, SGBC should capitalise on these
benefits and spreading this information on their website. SGBC must be sensitive to what the
property developers think about the various certifications and how ECSs can be improved by
establishing a constant dialogue with them.
Financial incentives should be injected during the market phase. Success can be observed
from the USA local governments where various forms of incentives are introduced to
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builders and property developers interested to invest in sustainable development. Incentives
such as direct grant, rebate or reimbursement, expedited permit processing, income tax credit,
property tax rebate or abatements and access to loans are prove of success among property
owners. It is wise to acknowledge that the initial cost is not as important to subsidize green
certifications without providing incentives that facilitate the running costs and the incentives
that influence continuously. Results from the interviews amplify how incentives are welcome
to boost the certifications of buildings such as favourable loans, insurance premiums, better,
faster process or priority in official decisions e.g. building permits, external advice to
businesses, and reduced property taxes for a certain period.. They agree that it is important to
work towards a more sustainable buildings and construction projects where ECS act as an
important tool towards sustainable betterment. Consequently, SGBC must ensure smooth
application of environmental certification systems are adopted for example during the
preparation phase. Therefore, it is important to engage the end-users and property owners in
the certification process as they will understand the benefits of green buildings. Lastly, the
government, market forces and public awareness and concern are the push factors towards a
more sustainable path.
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Abstract Eco-city introduces a new type of urban development mode which considers social,
environmental and economic aspects. Comparing to other green building projects, the development of
Eco-city involves boarder urban settings. There is no formal evaluation tool for measuring the gains
and losses of different stakeholders in the context of an Eco-city project. Cost benefits analysis (CBA)
for Eco-city could provide better understanding of economic feasibility and social benefits of project.
There is little literature on CBA for Eco-city, thus three qualitative research methods are applied,
observation, literature study and interview. Also, the unique identity of the author, fully involved in
the development of Eco-city in China, provides the opportunity in investigate the research question
with observation and interview. To conduct CBA for Eco-city, the stakeholder framework is prepared
in this paper. Based on the output and interpretive results from the qualitative methods, we show a
Eco-city stakeholder framework. The framework illustrates every cost and benefit for stakeholder,
providing stakeholders a clearer picture of their cost and benefits. The integrated costs benefits are
generated for the system. The establishment of this framework clarifies interactions among
stakeholders and gives financial stakeholders a better understanding of their investment benefits and
risks. It can also act as a decision-making tool for financial stakeholders as well as policy maker in
the future.
KEYWORDS:

Chinese Eco City, Stakeholder, Cost and Benefits Analysis

1. INTRODUCTION
Eco-city has emerged as a new method of urban development, integrating social,
environmental and economic considerations (Hald, 2009). An Eco City helps minimizing the
use of land, energy, materials and reducing harm to the natural environment whilst providing
an affordable environment. Together with other sustainable development concepts, the
primary goals of Eco-city are to reduce environmental impact and improve quality of life,
health, comfort and safety for us and for future generation (Newman, 2005). In recent years,
Eco-city development has been an increasingly high profile across the world, with an
increasing number of eco cities and regions are being planned and constructed.
Nowadays, China is experiencing the largest scale of urbanization in history. With such a
rapid speed of urbanization, the country is facing severe challenges in resource conservation
and environmental sustainability (World Bank, 2011). The importance of “sound urbanization”
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has drawn attention of Chinese government, and a new method which is resource-conserving,
environmentally friendly and economically efficient is badly in need. Despite the lack of
experience and well-defined guidance on sustainable ecological urban development, many
local governments in China have already begun to develop Eco-city together with
international partners. Such a mass demand in China paves the way for exporting the
expertise and technologies in Eco-city development from Sweden who is at the forefront. As
an international-recognized Eco-city profile, Hammarby Sjöstad in Sweden becomes the
model for many cities in China because of its well-developed planning and successful
implementation. There are a number of Swedish companies involving in ongoing Eco-city
projects in China. They contribute in the integration of the Swedish Eco-city concepts into
city development in China.
Economic evaluation is necessary for choosing the “best” alternative project. Lorenz and
Lützkendorf (2008) together summarized the theory and practice of integrating sustainability
issues into property valuation. Lorenz (2007) firstly quantified the systematic relationship of
sustainable building’s attribute and market value. Cost Benefits Analysis (CBA) is also
applied for sustainable building evaluation in several case studies of (see Kats, 2003; Miller,
2009; Kibert ,2008). From the stakeholder point of view, Lützkendorf (2011) investigated the
financial stakeholder’s role in contributing to the sustainability property development. There
are extensive literatures on evaluation tool for sustainable building, buy little literature on
economic evaluation for Eco-city, to our best knowledge. Thus we propose a research agenda
for (CBA) which is to define and quantify different stakeholder’s individual economic
benefits.
Establishing CBA require a series of procedures, and at an initial stage, the primary task
for this paper is to provide a stakeholder framework by using qualitative methods. Such a
framework prepares the foundation for CBA, and abstains better understanding of economic
effect of implementing Eco-city projects. Inspired by the stakeholder’s relationship and value
map by Cadman (2000) and Lützkendorf (2008), we investigate interests of main
stakeholders and actual relations map through one ongoing Chinese Eco-city project. After
exploring the municipal governmental driving force and extensive interactions among other
stakeholders, we display a stakeholder interaction loop and stakeholder financial relation map.
With the stakeholder framework, we success in indentify the cost and benefit for involved
stakeholders.
The establishment of stakeholder framework for Eco-city clarifies the interactions among
stakeholders involved in an Eco-city project, project in China in particularly. It also provides
stakeholders with a better understanding of their own cost and benefits. CBA based on this
framework could be used as a decision-making tool for investors and policy makers.
2. METHOD
In order to carry out CBA for Eco-city project, establishing stakeholder framework is the first
step. Three qualitative research methodologies, observation, literature study and interview,
are applied here. Because there is no prior study or cases to follow, and the research question
also initiates from daily observations of an ongoing Eco-city project in China. The author is
employed by a Swedish sustainable engineering company, providing Eco-city planning
consultant for a Chinese Eco-city project. As one of the project engineers, the author fully
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involves with project planning process, and directly communicates with Chinese client
(weekly telephone conference, monthly project meeting in China). Such a unique identity
creates the possibility to access authenticity information, without interfering other
participants. These aforementioned methods were often combined in my research.
The qualitative methods for information and data collection are necessarily interpretive
(Denzin, 1984). Result often depends on what the researcher tries to uncover and understand;
how experienced the interviewee is in understanding questions from their own perspectives.
Mediation can also be seen as the separated layer in this research as the subject must interpret
their experience and then the author must then interpret that individual interpretation.
Nevertheless, there is no empirical method to capture actual thinking process of any
individual or any group of individuals. Instead of avoiding subjective, we choose qualitative
methods for its utility in answering our research question.
Combing and analyzing the input from these three methods is the essential for this paper.
The questions for interview originate from observation; literature study focus on the relevant
fields is conducted; interview with key stakeholders provides information and data in
constructing the stakeholders map. In finding the answers to our research question, the
process of observation – literature - interview was repeated several times.
They are elaborated respectively in following.
2.1. Observation
Similar to any observational study, the general aim is to gather the authenticity information
during the natural process. According to Typology of the Participant Observer Roles (Gold,
1958), the author’s role can be categorized as the complete participant when working as the
project engineer with the client and planning team (both In Sweden and China). Because of
the participation of the author, observation is conducted covertly without interfering. During
meeting with Chinese clients, including municipal governmental officers and other potential
stakeholders, the author is a participant as well as an observer. In order to select the relevant
observational situation, some guidelines by Spradley(1980) can be followed.
2.2. Literature Study
For the lack of theoretical explanation and empirical analysis for Eco-city CBA, the
literature study is mainly used as a tool for research background and result interpretation. The
literature review was carried out along the process and after data collection. The theories and
relations embedded in the data are generated with the aid of literature study (Robinson, 2002).
Concepts from the literature can also be used to compared with the collected data (Strauss
and Corbin,1998)
2.3. Interview
As the project engineer, the author has the opportunity for interviewing stakeholders
during project communication. Questions were prepared before every project meeting and
individual project communication. Normally, there is no formal structured instrument or
protocol, but questions were penetrated during each conversation. Meanwhile,
communications were not limited to specific issue, as long as the content was useful in
answering the research question. But structural interview with client and stakeholders
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(planner, government officer) was also used when some specific information is required. The
interview used in this paper is therefore similar to ethnographic interview (Heyl,2001)
3. THEORETICAL FRAMEWORK
3.1. Stakeholder theory
The term stakeholder firstly came from the pioneering work at Stanford Research Institute
(SRI) in the 1960s. They defined stakeholders as “those groups without whose support the
organization would cease to exist” (Freeman, 1984). Freeman redefined stakeholders as “any
group or individual who can affect or is affected by the achievement of the organization
objectives” (Freeman, 2004). This definition has been considered as a more balanced and
much broader version than the original definition from SRI (Friedman, 2006). Freeman’s new
definition treats individuals outside the firm and groups as the stakeholders in relation to the
organization.
According to the traditional identification for stakeholders, the main groups of
stakeholders are: Customers, Employees, Local communities, Suppliers, Distributors and
Shareholders (Friedman, 2006). Base on Freeman’s broad definition, there are other groups
and individuals can be considered as stakeholders, including: The general public,
Government, Regulators, Policymakers, Financiers and Future generations. The way to
involve different participants is usually considered a key feature for the Corporate Social
Responsibility (CSR) theory. The associated interactions among these stakeholders play a
more and more important role in many circumstances. Implementing the stakeholder
approach can satisfy all those groups who have a stake in the business (Charles, 2006). The
stakeholder framework helps in finding the optimal strategy to maximize the profits or utility
of shareholders.
3.2. Cost benefits analysis (CBA)
CBA is designed to assess whether the advantages (benefits) of a project is greater than its
disadvantages (costs) (Hakkert, 2002). During the past decade, CBA has been substantially
developed both in terms of the underlying theory and sophisticated applications. Benefits are
defined as increases in human wellbeing (utility) and costs are defined as reductions in
human wellbeing (Hicks, 1943).
Conducting CBA for Eco-city Project, the gain can be measured by how much Stakeholders
are willing to pay (WTP) to secure that gain, or how much they are willing to accept (WTA)
in compensation to forgo that gain. The loss can be measured by how much Stakeholders are
willing to accept (WTA) to tolerate the loss, or how much they are willing to pay (WTP) to
prevent the loss. The total net benefits and cost are the sum of benefits and cost of all
stakeholders. Note that CBA should be transparent (Pearce, 1998), and it should show clearly
who gains and who loses.
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4. ECO-CITY STAKEHOLDER FRAMEWORK
4.1. Vicious cycle for the stakeholders in real estate industry
During the past decade, the development of sustainable building has been driven by the
various government bodies, such as academia, industry and NGOs. Still, sustainability is not
fully integrated. Cadman (2000) in consultation with various industry groups, showed a
vicious circle of blame (see Figure 1.) by identifying key relationships among stakeholders.
He analyzed the causes for such a vicious circle, and provided a reason why stakeholders
could not act on their desire for sustainability in real estate market.

Figure 1. The vicious circle of blame, Cadman (2000)

Lorenz (2008) further developed a positive perspective on the elements in the Circle of
Blame theory, and demonstrated the positive effect of sustainability on stakeholders.
However, Lorenz limited the stakeholders involved directly and indirectly within the
commercial real estate market.
4.2. Virtuous circle for stakeholders in an Eco-city project
Nowadays, the whole world shows an increasing interest in Eco-city development. Especially
in China, enhancement of well-being of citizens and protection of ecological system has been
required in the accelerated urbanization. Eco-city development causes overlapping
interactions of many different stakeholders—public sectors, the private sectors, and
citizens—each group has the impact on city’s future. Basing on previous work by Cadman
(2000) and Lorenz (2008), a stakeholder interaction loop of Eco-city (Figure2) is created for
analyzing the main stakeholders’ interactions.
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Figure 2: Stakeholder’s interaction loop of Eco-city or Eco-property development
(Figure 2’s tab colors are in line with Figure 3 and Figure 4)

 Government’s role and impacts
Compared to the general stakeholder’s relation within commercial real estate sector, the
municipal governmental who initiate an Eco-city project, have more interactions with other
stakeholders. Taking the Chinese Eco-city project the author involved as an example,
municipal governmental bodies took the leadership in starting the project. Firstly, the project
itself is under control of the municipal administration. The municipal government has the
right of decision-making in adjusting city planning policies, land use planning, transport
system development, water system, etc. Secondly, the municipal government processes the
residential district for developing Eco-city. Thirdly, the municipal government coordinates
different stakeholders, especially the Eco-city developer. As the main Eco-city project
initiator, governmental body’s actions and policies can facilitate long-term goals and
strategies, the synergy that can turn the vicious circle of blame into a positive interactions
loop.
 Companies and house buyers’ reaction
More and more domestic and international companies prefer to locate their office and start
their business in an Eco-city. These companies believed that an Eco-city offers more thriving
business environment. Also, companies could attract more talents. The office location can
fulfill their social responsibility and improve the company’s public image. Because general
public think that such companies are not only work in green properties but also provide the
resources for the Eco-city's upkeep and environmental protection.
Also an increasing number of people prefer to live in an Eco-city. They believe Eco-city
can increase their well-being in various prospective. Owning or renting a property in Eco-city,
they are able to experience the Eco-life style. People may believe the value of green property
in Eco-city will definitely increase in the near future.
 Eco city developer’ reaction
With better market acceptance and increased interest from society, municipal-owned
developer and investor, together with state-owned investor and different financial institutes,
constitutes the official developer for Eco-city project. These Eco-city developers are
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responsible for land acquisition and management, and they are also in charge of infrastructure
and public facilities investment, construction, operation and maintenance. They make
decision on creating green property development standard for different real estate developers
and Organizing land use right acquisition for Commercial real estate development projects
through bidding, auction and listing.

Real estate developers’ reaction
Rising values of property and land in eco city will be easy to sell and rent, so the land
which was of no interest to real estate developers now can become mature for utilization.
Thus real estate companies are willing to cooperate with Eco-city developer. Real estate
companies know if they successfully fulfill the Eco-city development standards, they will
definitely create the huge competitive advantage in the future real estate market.

Banks and insurance companies’ reaction
Responding to the market, banks and insurance companies are willing to join Eco-city
business. They grant better financing and insurance offers for real estate developers, with the
prospect of Eco-city as a good business with acceptable risk. All these positive interactions
are based on the assumptions that the information flow regarding the benefits, risk analysis of
sustainable property needs to be organized in such a way, that governmental bodies should
create the supportive policy and package to make this positive loop happens.
5. ECO-CITY COST BENEFITS FRAMEWORK
5.1 Stakeholders’ financial relations
The illustrated financial relations which enable to strengthen the integrations of positive loop
into eco cities project in Fig. 3. The arrows indicate the flow of capital.
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Figure 3: Stakeholder’s financial relations for Eco city project
(Figure 3’s tab colors are in line with Figure 2 and Figure 4)

Eco-city developers make investments in many infrastructure constructions and public
facilities, and real estate developers need to pay when accessing those infrastructure. Eco-city
developers are also responsible for infrastructure maintenance. Municipal government need
to grant the annual infrastructure maintenance subsidy to Eco-city developer to make sure
profit for Eco-city developer. These main financial relations directly influence the
interactions among these stakeholders. When analyzing these financial interactions, lifecycle
perspective of these monetary flows among the stakeholders needs to be illustrated for a more
complete picture. Fig. 3 is a simplified version of the financial interactions among the
stakeholders in this Chinese Eco-city project(arrows represent the monetary flow). If
considering other subsidiary companies, or external companies which could have financial
relations, the financial relation becomes even complex and hard to quantify.
5.2 Stakeholders’ cost benefits analysis
These interactions are measured and valued in monetary terms. What cannot be measured
is the externality which is also a key component for CBA. Fig. 4 illustrates cost and benefits
for different stakeholder. The color tabs for different stakeholders are in line with Fig. 3. Plus
and minus sign in front of each item indicates benefits or cost.
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Cost & benefits of house buyers

A comfortable living environment and possess of property in Eco-city (which has potential in
increasing value) are the main benefits and motivation for residents to purchase properties in
Eco-city. The house payment to real estate developers and the service fee for property
management and maintenance companies are the main cost for accommodation.

Figure 4: Stakeholder’s cost and benefits for Eco city project
(Figure 4’s tab colors are in line with Figure 2 and Figure 3)


Cost & benefits of companies
Good working environment and Better cooperate image (The sign of cooperate social
responsibility) are their main benefits and motivation for renting the properties in eco city, the
rent paid to real estate developers and the service fee for property management and
maintenance companies are their main cost.

Cost & benefits of real estate development companies
Except the externality (future market advantage), benefits of real estate development are
house payments from house buyers and rents coming from their self-own commercial
properties. Cost generates from payment for land to government, and building construction
contractors. Also, they have to pay public infrastructure connection fee to Eco-city developer.


Cost & benefits of Eco-city developers
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As the main Eco-city project executor, Eco-city developer can receive a substantial
subsidy from municipal government and national government. They also charge real estate
development companies who use the access to public infrastructure. In terms of cost, Eco-city
developers need pay a part for public infrastructure construction and maintenance.

Cost & benefits of property management companies
Property management companies are responsible for servicing Eco-city, such as cleaning
and gardening, etc. Thus residents and companies must pay service fee for their daily
maintenance and management service. Their own operation cost is considered as their main
cost.

Cost & benefits of infrastructure maintenance companies
As shown in the Fig. 4, different infrastructure maintenance companies get paid by
Eco-city developer for their service, and at the same time, they have to control and balance
their own operation cost to achieve their profits.

Cost & benefits of infra constructors and real estate constructors
Infrastructure constructors receive the infrastructure construction fee from government and
Eco-city developer. Real estate constructors get paid by real estate developers. Similar with
infrastructure maintenance companies, they both need control and balance their own cost to
generate their profits. The involvement in Eco-city project can also create the future
competitive advantage for both infrastructure constructors and real estate constructors in a
long run.

Cost & benefits of municipal government
The benefits of Municipal government exist as both monetary terms and externalities. First
of all, municipal governments receive the land payment and infrastructure connections fee
from different real estate developers. Secondly, Eco-city project can improve city image,
create a sustainable local economy, boost the development eco related industries and attract
various investments and cooperation from home and aboard. For cost, the government needs
to pay partially for infrastructure construction and subsidize Eco-city developers.
5.3 Summing up Cost & benefits of Eco-city
Summing all costs and benefits, integrated cost and benefits for Eco-city is yielded. There
are two categories. One is benefits as externalities, including good living environment and
increasing value eco property for the house buyers; good working environment and better
corporate image for the companies; local sustainable economy and upgraded city image for
the municipal government. The other category is monetary cost, including building
construction cost and infrastructure construction cost for the building constructor and
infrastructure constructor; property operation cost and infrastructure operation cost for
property management companies and infrastructure maintenance companies. Cost and
benefits for Eco-city developer and real estate developer are offset with other stakeholder’s.
Nevertheless, their cost and benefits have direct and huge impacts for the others’ because
both city developer and real estate developer fully involved in Eco-city project.
CBA for Eco-city should be guided by a holistic perspective. Externalities need to be the
compared and assessed in a broader context for implications of policy decisions and
regulatory actions. Eco-city integrated costs indicate that operational cost matter in the end.
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Lifecycle perspective is essential because over 80 percent of lifecycle costs for city
infrastructure and buildings actually come from operational and maintenance.
From holistic and rational point of view, maximizing integrated net benefits for Eco-city
should become a common interest and motivation for all stakeholders. Implementing the
holistic Eco-city concept and life cycle cost perspective will maximize Eco-city integrated
benefits and minimize Eco-city integrated costs.
6. CONCLUSION AND FUTURE WORK
Nowadays, Eco-City development is becoming more and more important, due to the threat
of expanding urbanization and increasing environmental burden. By utilizing sustainable
development concept and existing knowledge, Eco-city in particularly, there’s great potential
to reduce the negative impact and improve quality of life. For the purpose of defining and
quantifying economic benefits and costs for stakeholder in Eco-city, there is lack of
discussion and research of CBA in the context of Eco-city. This paper is to create Eco-city
stakeholder framework for cost benefits analysis. We utilized a constructive qualitative
research approach, consisting of observation, literature study and interviews. Through the
combined methods, Eco-city stakeholder framework was established. The framework
illustrates the cost and benefit for different stakeholder, providing stakeholders a clearer
picture of their cost and benefits which they should consider. The framework also provides
better understanding of stakeholder‘s interaction in Eco-city project in China. In the next step,
detailed cost benefits analysis based on this framework can serve as a decision-making tool
for investors and decision makers.
Practicing a new methodology is difficult for complexity, but the principle behind the
methodology should be considered by different stakeholders and decision maker at the
current stage. To complete CBA for Eco-city, there are a few More steps, which will be
conducted in following papers. The incentive structures for different stakeholders with long
term or short term involvement could be analyzed and compared.
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Abstract. Some twenty years ago, it was hard to believe that the United States would commit to
sustainability and green urbanization of any kind. Today, however, a decade into the 21st century, the
country has embarked on the global sustainability agenda in its broadest sense that could have ever
been realized. There are different views on and understanding of green urbanization. From as early
as Hanging Gardens of Babylon to the most recent green movements in Europe, Far East and New
Zealand, the green agenda has always been a part of urbanization. The interpretation, implications
and outcomes have been diverse. This paper aims to study one of the most successful-to-be schemes in
the United State as an extensionality of green urbanization: Orange County Great Park (OCGP);
what is officially called ‘the first great metropolitan park of 21st century’. The paper starts with a
brief history of the original plan, the modifications and its implementation. Explaining the initial
objectives of the park and contemplating on potentialities of the region, it will then discuss how the
scheme started benefitting from new sources of finance, thereby accelerating the value creation
through green businesses. Finally, it concludes with a model of ‘green metropolitan park’ in how both
tasks of educating people and implementing green urbanization – towards green value creation – can
advance, and suggests how this new concept can be used as a model for green urbanization to be
applied to metropolitan areas for acquiring a record of success in sustainable developments.
KEYWORDS: Green policies implementation, Green urbanization, Green value-creation,
Sustainable urban development, Metropolitan Park

1 INTRODUCTION
When the term ‘sustainability’ was first coined by Brundtland Commission in 1987, it was
hard to realize that the United States would ever commit to it or green urbanization in any
form; the county that was – and to a great extent still is – almost entirely patched by urban
sprawl, and whose urban contexts are known to have been structured to serve over 250
million passenger vehicles. For their value creation, many green businesses in various sectors
of industry – from education and automotive through to transportation and energy – have
been pursued, and have gradually proceeded over this period, notwithstanding what was
foreseen before. Even some thriving schemes for green urbanization have been initiated and
successfully launched.
This paper aims to study one of the most successful-to-be schemes in this area which is
under construction: Orange County Great Park (OCGP), what is officially called ‘the first
great metropolitan park of 21st century’. Having encamped a wide range of green activities, it
is expected to play a seminal role in the whole region with future prospects for other regions
and states in the country to follow.
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2

METHODOLOGY

The paper aims to shed light on a new concept which has had very little precedent as
studied for this paper, that is to use green value-creation to enhance the effectiveness of an
open recreational urban space (in this case a metropolitan park) in manifestation of green
urbanization. Building upon a brief literature review, the main approach of this paper is a
case-based analytical review by means of US federal freely available data on the case, and an
observation of the process. We start with a brief history of the original plan, the modifications
and its implementation. The initial objectives of the park will then be explained and
potentialities of the region will be contemplated. We will then discuss how the scheme started
benefitting from new sources of finance, thereby accelerating the value-creation through
green businesses. Finally, a model of ‘green metropolitan park’ will be concluded in how
both tasks of educating people and implementing green urbanization – towards green valuecreation – can advance, and it will be suggested how this new concept can be deployed in a
larger scale as a model for green urbanization in metropolitan areas for achieving a record of
success in sustainable development.
3

GREEN URBANIZATION

There are different views on green urbanization. Although green urbanization in its most
literal sense can be traced back deep into history as early as the ‘Hanging Gardens’ of
Babylon, there is a unanimous agreement on the first precedents of green urbanization in the
history of contemporary urban studies. Ebenezer Howard’s ‘Garden City of Tomorrow’ of
1902 is one of the early writings on green agenda in cities (Lehmann 2010). Other early
contributions include Tony Garnier’s Une cité industrielle (designed between1901-1918),
Ebenezer Howard’s Letchworth (initiated in 1903) and Welwyn Garden Cities (established in
1920). Ever since the concept has evolved and matured solely or in combination with other
ideas; sometimes more inclined towards architecture as in works of Yeang’s, advocating
green design; whilst in other occasions purely based on an urban, community or societal
origin or driver such as in Bioregional’s BedZED in Sutton, South London; Waitakere, the
New Zealand’s first eco-city; or the most recent OCGP, the first great metropolitan park of
21st century.
There are perhaps as many variations on the concept and what it implies as it has been reread and re-interpreted ever since Rio Earth Summit took place in 1992, of which ‘sustaining
cities’ (Leitmann 1999), ‘sustainable cities’ (Beatley 2000), ‘green city’ (Karlenzig et al.
2007), ‘sustainable urbanism’ (Farr 2008), ‘eco-towns/districts/cities (Lehmann 2010a,b) are
just to name a few. Lehmann (2010a, b) however, takes a step forward into manifesting 15
principles for green urbanization, where his principles 5 (landscape, gardens and urban
biodiversity) and 10 (livability, healthy communities and mixed-use programs) can directly
support the idea of OCGP.
4 GENERAL INFORMATION AND THE CONTEXT
The Marine Corps Air Station (MCAS), El Toro, which was commissioned in 1943 as a
wartime air station for air squadrons’ formation and training, was formally closed down in
1999. The city of Irvine’s attempts to overthrow development of a commercial airport on the
site succeeded and the city took charge for supervision of the new development of OCGP.
This took place following passing a countywide ballot measure in 2002. Miami-based Lennar
Corporation, one of the principal residential and commercial developers in the country,
purchased the land which was put up for auction. ‘City of Irvine 2012 Program Synopsis:
Orange County Great Park’ declares:
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‘On July 12, 2005, escrow closed, and the transfer of land from Federal control to Lennar took place. On the same
day, a Development Agreement between Lennar and the City of Irvine was signed. Under the terms of the
agreement, Lennar was granted limited development rights in return for the land and capital necessary for
construction of the Orange County Great Park. The agreement required Lennar to transfer more than 1,347 acres to
public ownership. Ultimately, $200 million in developer fees and another $200 million in assessment district fees
will be paid to the City by Lennar for development of the Orange County Great Park’ (Reem 2012).

The park is being developed in the district of Irvine, Southern California, on 545 hectares
of the decommissioned 1902-hectare MCAS (see Figure 1).

Figure 1: Highways 5 and 405 and OCGP’s Geographical Position in Southern California
(Courtesy of Google Maps)

In an article entitled ‘Introducing a New Kind of Park’ (OCGP 2012), the City of Irvine
authorities assert that OCGP is the first great metropolitan park of the 21st century. Located
near the geographic center of Orange County, halfway between Los Angeles and San Diego,
that is larger than San Francisco’s Golden Gate Park, will be nearly twice the size of New
York Central Park. The Park is one of the largest public private partnership projects already
underway in the United States. The Great Park will be one of the largest metropolitan parks
created in the country. According to the City of Irvine ‘the Great Park is easily accessible for
more than 10,000,000 Southern California residents via freeway or railway.’
In 2006, the OCGP Corporation, a non-profit agency in charge of designing, developing
and maintaining the park, selected Ken Smith and Associate as the master designer for the
park. In 2009, after three years of work, the comprehensive design of the Great Park was
released.
The designers envision the park as three distinct conceptual areas: habitat, fields, and canyon. Features include a
sports park and recreational fields; a Veterans Memorial; a Botanic Garden; cultural facilities, including a Library,
Museum, and café; and a wildlife corridor contiguous to a State Park and National Forest. Goals of sustainability
will be met through habitat restoration, natural water treatment systems, and the use of photovoltaics (Boults and
Sullivan, 2010).

Figure 2 shows the comprehensive plan of the OCGP:
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Figure 2: Comprehensive plan for development of OCGP
(Courtesy of OCGP, www.ocgp.org)

5 ALL-INCLUSIVE AND MIX-USED SUSTAINABLE PARK
One of the traditional roles of city parks is to provide sites of active and passive recreation
for people in close-by neighborhoods (Cranz 1978, Cranz 1982, Hardy 1982 in Solecki and
Welch 1995). Hence, parks are closely linked with their adjacent communities. The way a
park is used by the community is typically reflected in the structure and design of the park.
On the other hand, structure and design of a park shape opportunities for community use
(Cranz 1978, Cranz 1982, Hardy 1982, Schuyler 1986 in Solecki and Welch 1995). Chiesura
(2004) believes that less scientific—and political—attention is being paid, to that type of
nature close to where people live and work, to small-scale green areas in cities, and to their
benefits to urban dwellers. Urban parks can offer may benefits including stress reduction and
improving mental and physical health (Ulrich 1981, Hartig et al. 1991, Schroeder 1991,
Godbey et al. 1992, Conway 2000), enhancing contemplativeness, rejuvenating the dwellers,
and providing a sense of peacefulness and tranquility (Kaplan 1983) and have been labeled as
“natural tranquillizers” (van den Berg et al. 1998). They can increase property values, and tax
revenues (Tagtow 1990, Luttik 2000). Parks can provide economic benefits for both
municipalities and citizens. Air purification by trees, for example, can lead to reduced costs
of pollutionreduction and prevention measures. Furthermore, aesthetic, historical and
recreational values of urban parks increase the attractiveness of the city and promote it as
tourist destination, thus generating employment and revenues (Chiesura 2004).
Nature in form of urban trees or grass can encourage the use of outdoor spaces, increases
social integration and interaction among neighbors (Coley et al. 1997) and may promote the
development of social ties (Kuo et al. 1998).
Although most of the literatures have pointed out one benefit or the other for urban parks,
some have also reported feelings of insecurity associated with vandalism, and fear of crime in
deserted places (Melbourne Parks 1983, Grahn 1985, Bixler and Floyd 1997).
About the past general trends of park design, Boults and Sullivan, (2010)also quote from
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unknown park designers that ‘300 years ago, the ideal park was a manicured and formal place
with straight lines and well-behaved plants. Even if you sought an escape to a natural
environment, it was an environment that was very controlled.’ Further it also asserts:
In the 19th Century, parks made the move to a more civic space, a place for the masses to enjoy fresh air and relief
from the prevalent diseases of the time. In the 20th Century, the heartbeat of the park quickened with exercise sport,
and more active forms of recreation.

The more important questions are ‘How about the parks designed for the 21st Century?
What would the features of such parks be?’
Some like Eco et al. assert that ‘everything depends on an unforeseeable historic
continuity. But if we succeed in developing our culture while continuing to respect our past,
we have a chance of preserving it (Eco et al. 1999).’ Another question raised here will be
‘But how about future and future generations?’
Till 1996 we can see, sustainability was not a criterion for judgment in any category, nor
was it uttered at the awards ceremony (Benson and Roe, 2000). Highlighting arisen concerns
around green agenda and its environmental impacts on design of urban parks, some like
Boults and Sullivan (2010) explain:
Cultural trends have become linked to the marketplace; 21st century culture is mobile, networked, and instantly
available. The fashionable trend at the moment is ‘green’; what started as a countercultural movement has now
become mainstream. Everything is green. Sustainability is a buzzword. One hopes that this trend will be permanently
instilled into the global consciousness and become the origin of all design (Boults and Sullivan, 2010).

There, if OCGP has been planned to be a metropolitan park for this millennia, the
questions are, regardless of the size and scale, in what aspects/capacities OCGP could be
considered as a sustainable and successful scheme? And what makes OCGP one of its kinds
and potentially enables it to play a role model for the similar developments? These are the
questions that this study aims to answer using all-inclusiveness and mixed-use agendas
through:
5.1 Absorbing the Mass
The Great Park Comprehensive Design includes extensive natural habitat and preservation
areas in addition to recreation, education, entertainment, and cultural uses. Figures 3, 4 and 5
show Western Sector Development of OCGP.
Having encompassed botanic gardens, a sports park, Museum of Heritage & Aviation,
cultural terrace, canyon, lake, and veterans memorial, OCGP will optimistically succeed to
absorb the mass of people, from various groups of different age, gender, and social and ethnic
backgrounds, and properly respond to a variety of expectations which then prepares it to
demonstrate and support social sustainability. In spite of the other metropolitan parks which
are considered as ‘single-function’ parks – or in best case scenarios ‘few-function’ parks,
OCGP is capable of offering a multi-(many)aspect park development.
In addition, by providing a wide range of recreation, leisure and entertainments such as
free balloon and carousel rides (on offer Thursdays through Sundays at the Great Park), and a
thriving farmers’ market (featured on Sundays, complete with food trucks and live music), it
is expected that a multi-dimensional atmosphere can be provided in which a wide range of
expectations can be found to satisfy different tastes, expectations and needs.
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Figure 3: OCGP’s Western Sector Development, Phase One
(Courtesy of OCGP, www.ocgp.org)

Figure 4: Left: OCGP’s Sundays Market, Right: OCGP’s Parking Lot (View from East to Western Sector),
Photos by Eric R. P. Farr

Figure 5: Arial View of Western Sector from Balloon
(Courtesy of U.S. Department of Energy Solar Decathlon, www.solardecathlon.gov)
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5.2 Consistency of Use
One of the all-time concerns with urban spaces ever since the modern movement – as is
with the design of urban parks – has been the sense of safety and security. The main and most
practical remedy to this problem is spreading the use period as closely to a 24/7 use as
possible; what we have called ‘consistency of use’ in this paper.
In addition to regular events during the week days, special events are also scheduled to
bring the park into the center of different users’ lives. Added to the day-time events it has
also been envisaged to extend the use out of normal hours. This is subject to seasonal circles,
school and public holidays. Movies offered in summer and music concerts as evening and
night time events and some other seasonal activities expand the scope, the variety and the
flavor of use over and beyond the normal day-time activity hours of the park. One of the
other attractions for art lovers, the amateur artists, as well as the general public is to stop by
the Palm Court Arts Complex for rotating arts exhibitions. There are also facilities to
accommodate artists-in-residence as another series of activities which can improve the
consistency of use in the park (see Figure 6).
Weekdays

Weekends
& Holidays

Figure 6: Consistency of use in the OCGP

5.3 Sustainability and Green Value-Creation
One of OCGP’s features is commitment to sustainability and sustainable activities. Nonfossil-fuel and renewable energy rides offered on the site along with the clean inside
transportation are only to name a few of OCGP’s strategies to promote sustainability. Since
The State of California is seeking to make Net-Zero energy homes mandatory for all new
home construction by 2020, educating and informing people on green construction, such the
ABC green home exhibited at the park, that is designed and built to showcase the future of
energy-efficient and certified housing schemes, is central to the sustainable activities of the
park. These attempts have been enhanced by hosting the events like Decathlon 2013.
Showcasing respective green businesses those facilities are where people can be in direct
contact with the experts and the state-of-the-art technology.
In addition, raising awareness programs about wildlife and built environment like Bee
Aware, and Good Bugs and Bad Bugs talks in which the public and the youngsters are
informed about the importance of bees and the differences between beneficial and destructive
insects help people know more about natural balance and prepare everyone as an proactive
role-player in built environment.
On the other hand, accommodating the Farm+Food Lab hosted by UCCE Master
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Gardeners, OCGP provides workshops for experienced and aspiring gardeners at the sevenacre North Lawn which acts as a green mediator for both established and booming green
businesses. This means that besides its commitment to sustainable development in itself,
OCGP also acts as an ‘entrepreneurial urban space’ by providing related instructions,
supports and job opportunities at all levels, to green businesses and the businesses proceeding
towards flourishing sustainability.
The following action criteria, which have already been introduced, can be further developed
to boost the three above factors, namely absorbing the mass, consistency of use, and green
value-creation with an aim to create an all-inclusive and mix-used sustainable park:

The provided free-of-charge activities and amusements have broadened the range of
visitors hence it is not only attractive but tempting even for middle-class and lowermiddle-class families and groups.

Sunday farmers’ market also provides an interactive atmosphere for visitors and
vendors. Moreover by committing to helping local businesses and offering semiorganic and organic food, on a Non-Pesticide Management (NPM) policy, it
facilitates the access to those crucial implications of sustainable development.

Live music sponsored by the city (or the other neighbor communities) is performed
at OCGP. Art exhibitions, and similar occasions help improve the interaction
between artists and the general public, reinforces such community involvement with
music, arts, and crafts, and also provides a desirable atmosphere for young artists and
even beginners.

Providing special educational services to the schools like one-day workshops and
visits, and free sports clinics for kids, along with the built environment preservation
courses etc., OCGP attempts to play an entertainment and pedagogical role for the
present and the future of the community by providing service for the younger
generation.

With respect to the differentiation between cultures and traditions as a key
manifestation of social sustainability, hosting events like Native American Tradition
makes OCPG a center for the intercultural liaison, hence enhancing cultural
sustainability.

Family events like sport classes, kids’ activities and interaction with senior citizens
results in expending a cross-generation, cross-cultural exchange which also works in
line with cultural and social sustainability.
6 A MODEL FOR METROPOLITAN PARKS
New 21st century great metropolitan parks will need to take into account much more than
their traditional or modern predecessors. If Versailles near Paris or Sanssouci Park in
Potsdam were only supposed to provide visual pleasure, Hyde Park in London or Central
Park in New York had a greater task of providing a lung for the city to breathe and fulfilling
the modern citizens’ quadruple activities. The great park of the 21st century, has, in addition
to what traditionally expected from a metropolitan park, to also respond to the users in a
broader sense. First and foremost it should be able to be all-inclusive, allowing for a broad a
range of users as possible. Diversification is one of the characteristics such parks are required
to offer to be able to absorb the mass (see figures 7).
On the other hand they will need to provide consistency of use through offering spatial and
service flexibility throughout the day and the week during the normal working days and in
weekends and public holidays. All possibilities, requirements, provisions, and support for
different cultural attractions, arts and crafts events, as well as leisure and entertainment
activities, whether they are permanent, recurring, rotating or one-off should be envisaged to
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allow for the highest degree of flexibility with no or least interruption with other activities
underway in the park (see figures 7).
Metropolitan
Park

All-Inclusiveness
/Diversification

Mixed-Use
Development

Absorbing the Mass

Consistency of Use

(towards)
Sustainability

Environmental
Friendly

Figure 7: Key Aspect for a Featuring Metropolitan Park for 21st Century

And finally as a major imperative, such a park should provide an extended interpretation
of the classic sustainability triangle in combination with two previous criteria (see figures 7
and 8).
Figure 8 builds upon the traditional model of sustainability triangle and develops it further
into other aspects with which a full interaction will help secure functionality of an urban park
in its role in green urbanization where:
 The interaction between sustainable Environment and Society will help provide
Natural Preservation, Bio-diversity, Lifestyle and quality
 Collaborative working of sustainable Economy with Environment will reassure
Low-impact services, Green economy and Eco-diversity, and finally
 Sustainable Society and Economy will provide a fair ground for Social Equity,
Accessibility and Affordability
Social Equity
Accessibility
Affordability

Economy

Low‐impact services
Green economy
Eco‐diversity

Society

Environment
(Built and Natural)

Natural Preservation
Bio‐diversity
Lifestyle and quality

Figure 8: Sustainability triangle extended as intended to be fulfilled by a metropolitan park in compliance with
green urbanization agenda
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7 POSSIBLE CRITICISM
Although OCGP offers an almost complete list of urban activities and provides both
citizens and visitors with high level of attractiveness, there are some points which need
reconsideration if and when similar plans are to be followed in the future. These, in fact, are
suggestions to improve an already adopted model for further deployment in the future.
Since OCGP is located at the north east edge of Orange County, the park should be
categorized as a Metropolitan ‘Edge Park’. This type of park will naturally loose the
advantage of being an active part of the daily life of citizens of the neighboring districts.
Therefore, it is a true assertion that such a park can be highly capable in delivering its
planning intent if and when it is located in the middle of urban context and in the vicinity of
as many communities, towns and cities as possible. In this sense a more careful and outward
looking regional zoning at planning stage would guarantee the future success of such massive
investment.
The other concern is the lack of proper public transportation which makes accessibility to
the park a real challenge for the visitors. Despite OCGP’s administrative team claims which
suggest ‘the Great Park is designed to promote sustainable means of transportation. The Park
is easily accessible by mass transit via the Irvine Station near Marine Way’, the lack of
regional public transportation, has left the majority of visitors with no better alternative than
using conventional means of transportation; i.e. private vehicles; what could not be
considered as an outstandingly sustainable a means of transportation as it could possibly be.
However, as mentioned before once arrived, the visitors have a selection of sustainable
means of transportation ways to get around the park with no significant negative effect on
environment. In this sense providing a means of public transport in such models can highlight
the commitment of local, state and federal authorities to greening the corresponding urban
areas and their all-inclusive concern for all aspects of sustainability, in its traditional sense
and way beyond it.
8 CONCLUSION
The (metropolitan/urban) park of 21st Century should be ready properly to respond to the
millennia concerns. This does not mean the older expectations from such a space have been
dismissed from the agenda, but such a park is going towards being more inclusive and
collective than ever; it will serve and satisfy a wide spectrum of interest groups, citizens and
visitors with different backgrounds and from various age ranges and social classes. In such a
space, it is expected that everyone is provided with a variety of possible and at-hand activities
so that they can easily manage to find their desires, interests, needs, requirements and
preferences in a broader context in which they can interact with the others, exchange ideas
and co-form new intangible assets, co-create new values and co-expand new frontiers in their
know-how and know-what domains.
The parks, however, with rising the issue of global warming and overall environmental
concerns, should be seen as the facilitators for (sub)urban sustainability, and the mediator of
green value-creation in the city and/or regional scale. Such a park not only participates in
entertaining people and attracting the mass, but plays an interactive part in creating an
environmental-friendly community by educating people and paving the way for green and
sustainable businesses.
The park would be called all-inclusive and sustainable mix-used park for the 21st century;
the park that ‘meets the needs of the present without compromising the ability of future
generations to meet their own needs (Brundtland, 1987).’
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Abstract. The largest potential for decreasing greenhouse gas emissions, and therewith mitigating
the effects of global climate change, comes from improving energy efficiency of existing buildings and
communities. Previous research revealed that improvement of energy consumption and a greening of
our buildings are not sufficient to cope with the challenges of climate change mitigation. During the
middle ages a city was not a city if did not have a market, and the town structure developed around a
market square. It was an urban strategy connected to trade which often influenced the structure of the
city. The way we live is tightly connected with the way we buy. Supply of goods is linked to quality of
life and needs a rethinking in order to be able meet the challenges of climate change mitigation. An
analysis of existing Norwegian retail developments and their impact on local energy consumption is
therefore necessary. New procurement measures are necessary in order to be able to develop business
models for the building and infrastructure industry that allows a cost effective transition of our built
environment. In this paper a theoretical framework is developed that links three levels which have the
potential for intervention by industry and communal government and which will encourage cost
effective mitigation of climate change. Particular focus is placed upon shopping centers within
Norwegian urban contexts: a. Building Level: focusing on technical solutions (ventilation and
indoor climate), energy distribution and local production of renewable energy, user behavior, and
universal design. b.
District Level: concepts for the development of the district and respond to
economic challenges. Connection of buildings to quality of life and transportation, demography and
population growth. c. Community Level: from large signal building to what anyone can do
(technical, economic, lifestyle). Collaboration with other industry partners in order to develop cost
effective business and procurement models.

KEYWORDS: existing buildings, community level, renewable energy, energy efficiency,
shopping centres
1 INTRODUCTION
In terms of energy consumption today's shopping centers are among the buildings in Norway
with the highest energy consumption, with an average of 467 kWh/(m2a) end energy use.
However, rather than suggesting that they are a commercial evil which society can do
without, it is suggested here that it is important to work with shopping centres to help create
sustainable retail environments which function well within the wider urban structure. A
theoretical framework which works on three different levels provides a way to work towards
this aim. Working on> a.
Building Level: focusing on technical solutions (ventilation and
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indoor climate), energy distribution and local production of renewable energy, user
behaviour, and universal design. b. District Level: concepts for the development of the
district and respond to economic challenges. Connection of buildings to quality of life and
transportation, demography and population growth. c. Community Level: from large signal
building (technical, economic, lifestyle) to collaboration with other industry partners in order
to develop cost effective business and procurement models.
1. 1 Development of shopping centres
Shopping centres are commonly regarded as market places with accommodation for cars.
They are also a collection of independent retail stores and services, maintained by a
management unit within a single climate controlled physical framework. In addition shopping
centres often contain restaurants, banks, theatres, cinemas, offices, and other commercial
establishments. Within the physical framework of shopping centres, it is possible to say that
retail architecture has reached a structural climax. Shopping centres are now bigger and more
luxurious than any previous retail structure. This is despite the miss-start encouraged by the
less than luxurious retail atmosphere of the late 1950’s and early 1960’s when shopping
centres first became a popular retail form. Shopping centre architecture now includes many of
the architectural elements which encouraged the successes of its predecessors; markets,
arcades and department stores (Woods, 2012). Shopping centres are also places where large
sections of the Norwegian society spend increasing amounts of time. They should therefore
be buildings with optimal energy efficiency and good design, within an urban structure which
takes into account the needs of the community as a whole. Shopping centres and retail
agglomerations are the most important trip generators in modern urban systems. Recent travel
habit surveys (both national and regional) show that more than one out of every four trips has
shopping as the main purpose, this representing approximately 1 trip per person per day on
average – outnumbering even work related trips (Vågane, Brechan, Hjorthol, 2009). The
same travel habit surveys show that most shopping is car based single purpose trips. This
means that retail is responsible for a major part of the energy consumption in urban private
transport.
1. 2 Energy performance
On the European level, the principles for the requirements for the energy performance of
buildings are set by the Energy Performance of Buildings Directive (EPBD). Dating from
December 2002, the EPBD has set a common framework from which the individual Member
States in the EU developed or adapted their individual national regulations.
The EPBD in 2008 and 2009 underwent a recast procedure, with final political agreement
having been reached in November 2009. The new Directive was then formally adopted on
May 19, 2010. Among other clarifications and new provisions, the EPBD recast introduces a
benchmarking mechanism for national energy performance requirements for the purpose of
determining cost-optimal levels to be used by Member States for comparing and setting these
requirements.
The previous EPBD set out a general framework to assess the energy performance of
buildings and required Member States to define maximum values for energy delivered to
meet the energy demand associated with the standardized use of the building.
However it did not contain requirements or guidance related to the ambition level of the
directive. As a consequence, building regulations in the various Member States have been
developed by using different approaches (influenced by different building traditions, political
processes and individual market conditions) and this has resulted in different ambition levels
even though in many cases cost optimality principles could justify higher ambitions1.
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The EPBD recast now requests that Member States ensure that minimum energy
performance requirements for buildings are set “with a view to achieving cost-optimal
levels”. The cost optimum level shall be calculated in accordance with a comparative
methodology.
The largest potential for decreasing greenhouse gas emissions, and thereby mitigating the
effects of global climate change, comes from improving the energy efficiency of existing
buildings and communities. Previous research revealed that the improvement of energy
consumption and the greening of our buildings are not sufficient to cope with the challenges
of climate change mitigation.
Retail environments are ripe for improvement in terms of energy efficiency, in terms of
building materials and in terms of how they interrelate with the urban structure around them.
It is possible to suggest that western society could aim for a less commercial focus, but it is
unlikely that less shopping is the only answer to the problems with climate change, and not
shopping or participating in exchange could have side effects of its own. Anthropologist
Marcel Mauss suggests that much of our social interaction is built around exchange, giving
and receiving is one of the major activities of our everyday life (Mauss, 2003). He also
suggests that even before we had money we had markets. Markets have therefore traditionally
played a role in everyday life, economically and socially. During the middle ages a city was
not a city if did not have a market, and the town structure developed around a market square.
It was an urban strategy connected to trade which often influenced the structure of the city.
The way we live is tightly connected with the way we buy. Supply of goods is linked to
quality of life and this needs a rethinking in order to be able meet the challenges of climate
change mitigation. The following actions are required in the long run:


Development of new knowledge, about integrated solutions and design of carbon
neutral technologies.
Mapping of building types within the category of commercial buildings shows that
during the last ten years energy use has often increased (Thyholt et al. 2002). This is
in strong contrast to the housing sector where the number of suppliers of homes with
low-energy and passive standards have gradually become significant, and where these
houses represent a rapidly growing share of new construction (Thyholt et al. 2002).
Data will be collected and different scenarios for reducing GHG emissions connected
to shopping centres by factor 2, 4 and 10 will be developed. The analysis will enable
us to develop a theoretical framework for cost effective interventions on building
level. This information will be supported by a historical understanding of the
architectural form which we recognise today as shopping centres. In addition sources
from social anthropology supply a social analysis of the social role of shopping
centres.



The promotion of efficient and sustainable urban structures.
Shopping centres because of the role that they play socially and commercially require
a lift when it comes to energy use, architecture and location. It is among the municipal
authorities' procedural responsibilities to decide what is a reasonable localization
pattern for retail and shopping centres, as defined in the national guidelines for
shopping centre establishment (“kjøpesenterstoppen”) under the Planning and
Building Act. In addition, most city planning authorities are well aware of the fact that
retail is a major driving force in the urban development, but there has been a lack of
tools both for the municipalities and for the developers, to calculate the impacts (such
as transport impacts or market shares) of shopping centre establishment. The
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development of an effective theoretical framework is useful both to developers and
authorities. Model calculations reveal that a poor localization can contribute
(negatively) to the transport related energy consumption, in the numerical order of the
energy saving potential which can be achieved in the buildings. The result of a clever
building design and, with energy saving technology and operations, can thus be
countered by an unfortunate location. The aim must be to increase knowledge about
shopping centre localization issues, and to further develop the strategies for cost
effective interventions on communal level.


To encourage carbon neutral cooperation between owners, tenants and
municipalities
Shopping is social and relational; it is not just about production and consumption.
Shopping centres are both physical and social contexts, they are practical and
luxurious, they provide places that we need, they are places that we like to be in and
they are work places. Numerous traders are located under one roof in today’s
shopping centres and it is a retail collaboration that has its roots in the market places
and bazaars still found all over the world (Woods, 2012). The role of the tenant is
exceptionally important in achieving energy efficiency. The promotion of carbon
neutral measures requires special focus on cooperation between owners, tenants,
utility companies and municipalities. Renewable energy contracting both with
owners, tenants and utility companies can become an essential part in the planning
and operation phase. We will map existing energy contracts and energy strategies and
in collaboration with the different actors develop new strategies for energy saving
management and control in shopping centres.



To raise the architectural standards associated with shopping centre design
The basic pattern of shopping and retail trade developed in Europe during the middle
ages, and it did not change much until a period of population growth and economic
prosperity during the middle of the 19th century. During the middle ages a city was
not a city if it did not have a market. The architectural historian Donatella Calabi
suggests that “the very essence of the metropolis lay in its market and busy streets”
(Calabi 2004). In the 15th and 16th centuries, the building fabric around the church,
town hall, shops and stalls in close proximity to a square became the emblem of a
town, and the urban strategy connected to trade often influenced the entire form of the
city. Markets played an important role in daily life. They ensured that food and fuel
was always available and provided a place for social interaction, also between people
from the countryside and the town (Morrison 2003).
Commercial buildings are important social arenas where questions related to
energy efficiency are closely associated with challenges associated with
architecture/design and urban development. The role and importance of shopping
centres within society is often under communicated. There have always been markets
which have addressed our practical, social and recreational needs (Miller 1998b).
Shopping centres are also large work places which are often at the centre of the local
urban economy. In recent shopping centre developments large numbers of apartments
have been built on top of shopping centres. The physical, social and commercial
context is constantly changing and expanding, this provides both the need and the
opportunity to meet these challenges. We will gather information about the field of
shopping centre design, and develop a framework for cost effective socially
appropriate design solutions.
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Internationally, very few projects have been carried out that focused on shopping centres.
Most projects were focusing on office buildings and clearly show that it is possible to realize
commercial buildings with very low energy use (IEA and ECBCS). The experience gained
from these projects makes a useful reference base for the Norwegian R&D project.
2 PURPOSE OF THIS STUDY
In this work a theoretical framework for further research work that is needed is developed
and described. The framework should link three levels which have the potential for
intervention by industry and communal government and which will encourage cost effective
mitigation of climate change. Particular focus is placed upon shopping centers within
Norwegian urban contexts. It is proposed to start with a shopping cetre in Tiller in the
vicinity of Trondheim, Norway. Available documentation will be analysed with respect to
location, transportation and related energy use, building design, technologies applied, and
resulting energy performance and GHG emissions, indoor comfort, cost, usability for tenants
and their customers and other significant experiences. Internal loads for lights and equipment
will be identified. The intention is to create the theoretical framework with which to develop
a toolkit for sustainable retail development.
3

METHODOLOGY/STRUCTURE OF STUDY

This work is the beginning of a larger research activity with several months of data
collection and analysis which just started. In the first stage for one shopping centre in Tiller
on the vicinity of Trondheim, Norway data will be collected and analyzed in more detail.
Then, several more shopping centres in Norway, Spain and Italy will be used for data
collection and analysis. It is therefore important to get a better understanding of the
framework and how the work can be used in the long run.
4 RESULTS/FRAMEWORK DEVELOPMENT
Figure 1 illustrates the theoretical framework that has been developed to structure the
work with transforming shopping centres. It can be seen that a thorough data collection is set
at the beginning followed by the data analysis.

Figure 1: The theoretical framework development methodology
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4.1 Data collection
A focus was put on the application technical solutions (ventilation and indoor climate),
energy distribution and local production of renewable energy, user behavior, and universal
design. Cost effectiveness is one of the most important
The framework should be based on four main components:
4.1.1 Energy reducing measures and shopping centre design
In collaboration with the retail partners technology used and shopping centre design will
be studied. Dynamic envelopes that react to changing indoor and outdoor conditions and
requirements will be developed. The project will propose ways to model cooling systems and
solutions that result in low energy use. The project will include latest the solutions for
demand control climatization that result in lower life cycle costs than the current systems.
Thermal storage may be an effective strategy to reduce both heating and cooling energy.
4.1.2 Renewable Energy production
Building integrated PV systems may be used to supply a substantial part of the energy
demand (particularly cooling). Different types of system layouts will be analysed, including
facade-integrated PV and in combination with ground source heat pumps.
4.1.3 Efficient cooperation between owners and tenants
Focus on requirements and specifications in the planning and operation phases, increasing
energy use awareness amongst tenants, and laying the foundation for effective collaborations
between owners and tenants which will support the implementation of energy effective
solutions. New economic models will be established that can be used to include the tenants in
the energy / energy efficiency investment.
4.1.4 Interaction with neighbourhood and city structures
Social arenas, meeting places, entertainment are essential elements in all shopping centres.
These aspects will be studied beyond the isolated context of the shopping centre building in
association with an urban neighbourhood context. The way these are connected to the city
grid will be analysed, based on the model developed by NTNU, with special focus on energy
use for transportation and related GHG emissions. These will provide:
 concepts for the development of the district and respond to economic challenges.
 Connection of buildings to quality of life and transportation, demography and
population growth.
 from large signal buildings (technical, economic, lifestyle). Collaboration with
other industry partners in order to develop cost effective business and procurement
models.
4.2 Data analysis
Starting from the average energy consumption in shopping centers and shops of
467kWh/(m2 a) a survey including the biggest shopping center owners revealed that there is a
large spread in specific energy consumption in shopping centres and shops in Norway. Figure
2 shows energy consumption of shopping centres in orange bars and shops in blue bars. It can
be seen that some shopping centres use less than 100 kWh/(m2 a) while others use up to
2600kWh/(m2 a). The average figures for shopping centres is 310 kWh/(m2 a).
It can further be seen that some shops in Norway use less than 100 kWh/(m2 a) while
others use up to 1900 kWh/(m2 a). The average for shops is 510 kWh/(m2 a).
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Figure 2: Energy consumption data of shopping centers (orange bars) and shops (blue bars) in Norway (enova
2009)

Our case study City Syd in Tiller on the vicinity of Trondheim, Norway has a measured
delivered energy of 320 kWh/(m2 a). The energy frame for new constructions (as well as for
major renovation projects) is 210 kWh/(m2 a) (TEK10). The building regulation is going to
be reviewed by 2015 where even more ambitious requirements are expected.
The other post is the input in embodied energy in the materials. Here, an estimated 15% of
the annual energy consumption is assumed to be related to material use. This results in 48
kWh/(m2 a). The third post in our equation is energy consumption of transport (to shop in the
shopping center). Here, it was assumed that 1000 visitors per day would drive with the car (2
persons per car) which needs 25 kWh per tour and return (15 km back and forth).
Energy efficiency measures can help to reduce energy consumption. The amount of energy
savings depends on the level of ambition. Even if a global cost approach is followed as
proposed by the EC (EPBD recast, 2011) there are different levels of cost effectiveness.
Therefore a three level approach was chosen. The first level would be to half energy
consumption (factor 2). This would result in 160kWh/(m2 a) which is anticipated as TEK15
level.
The next level would be to reduce by 75% (factor 4) which would result in 80kWh/(m2 a).
The last level is a reduction by 87.5% (factor 8) which would result in 40kWh/(m2 a). At
this level of ambition-site energy production can cover the energy on an annual basis which
would result in a plus house or 'powerhouse' (a building that produces more energy than it
needs in operation on an annual basis). As shown in Figure 3 the stepwise reduction can help
to reach the final level of net zero energy building as anticipated for 2020 by the EC (EPBD).
But here we chose to apply this strategy to operation as well as materials and transport.
Renewable energy supply should ideally balance the energy use for all three items.
Obviously, this is only feasible if drastic energy use reductions are already applied.
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Figure 3: Different levels of ambition for energy efficiency down to plus house or 'powerhouse' with on-site
renewable energy production

Besides energy efficiency another goal is the reduction of GHG emissions related to the
operation, the construction, and the transport of people. Figure 4 shows the related GHG
emissions of these activities and different levels of reduction. It can be seen that GHG
emissions from transport are very prominent in the current situation (average) due to the
heavy reliance of shopping centres on private car transport to and from the shopping centre.
A holistic approach has to address this issue by several measures: First, finding better ways to
embed shopping centres in the urban structure. Secondly, reducing private car use by offering
alternative tranportation with low GHG emissions. Thirdly, reducing GHG emissions from
private car use.
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Figure 4: Different levels of ambition for GHG emission reduction (with 'powerhouse' carbon neutral)

5 DISCUSSSION
Shopping centres exist because we need places to shop, as mentioned above most societies
have a long history of shopping in various retail structures, markets being the earliest retail
form. However, both shopping centres and shopping have their fair share of negative
associations and these are often connected with consumption. There exists, anthropologist
Daniel Miller suggests, an academic prejudice against shopping, one which assumes that any
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emphasis on material culture will take the place of social relations, rather than being a means
of enhancing social values (Miller, 1998b:128). In abstract terms, shopping is often seen as
“extreme shopping”, an over-the-top activity devoted to indulgence. Shopping in these terms
is associated with “materialism” – an obsession with buying things, and “hedonism” – a selfindulgent form of pleasure and leisure, and finally “spending without caring about the
consequences” (Miller, 1998b:68). Consumption is often seen as a practical, moral and
context-based activity (Miller 1998a:6).
Shopping is about production and consumption, buying and selling but it is not just about
that. It is also about the people who do the shopping, their relationships and why they shop.
The physical framework of a shopping centre, has to take all these aspects into consideration.
The development of shopping centres in Britain began with the first Bullring shopping centre,
which opened in 1964 (Dennis, et al. 2005:14). There has been little research done on the
development of Norwegian retail architecture. There are similarities in the architectural form
and shopping habits found in Britain and a number of examples are therefore used here to
provide a background for the architectural challenges found in Norway. The shopping centre
developments of the 1960s had a dramatic effect on the physical form of city centres. The
new shopping centres were large concrete structures, often described as brutalist architecture.
Their architectural form was often in stark contrast to existing city centre architecture. City
centres were changed and physical and structural elements were lost. Luton city centre lost an
Edwardian library and Birmingham’s mediaeval street structure disappeared during the
development of the first Bullring shopping centre. The impact of shopping centres on the
towns and cities was not just physical and visual; it was also social and economic due to the
impact they had on the retail structure around the shopping centres. Older shopping
establishments struggled to compete and shopping arcades and department stores began to
close, as did smaller neighbouring businesses.
Shopping centre architecture has changed a lot since the first concrete structures, gradually
becoming less minimal and function-focused, and more related to the luxurious aspects of the
early arcades and department stores. During the 1980s and 1990s, the materials used in
shopping centres changed with the introduction of marble, brass and mirrors and the use of
lighting was improved and experimented with. The reintroduction of the use of glass in
façades and roofs, inspired by American malls or gallerias, was another trend which became
common during the early 1980s in European shopping centres. Natural light has become a
feature associated with the latest shopping centres. The idea that dark shops encourage the
sale of shoddy goods is not new, but natural light is also important in today’s shopping
centres because the new centres are often so large that the light from the roof provides
necessary but limited contact with the outside world for both shoppers and workers. The
Bullring shopping centre in its marketing of the design of the centre emphasises what it calls
a glass “skyplane roof”, which it says appears visually detached from the façades of the
shopping centre and encourages “a street feel” (Woods, 2012). New features of energy
production on-site (primarily on the large roof surfaces) have the potential to bring new
feelings to the shoppers (and workers). Large PV roof structures, concentrating lenses with
receiver towers, small and micro wind turbines and other technologies could cause interest
and curiosity and attract shoppers to come and have a closer look. Shopping centres could in
this manner regain a prominent role in promoting 'sustainable consumption'.
6 CONCLUSIONS
Shopping centres exist because we need places to shop. The physical context provided by
shopping centres is intended to support the commercial and relational activity of shopping.
Shopping is about production and consumption, buying and selling and although it is
understood that the activity of shopping is an important social activity, both practically and
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relationally it needs rethinking if we are to be able to reduce the environmental impact.
Providing the shopping public with energy efficient commercial architecture which exists
within a sustainable relationship with the wider urban context is an important place to start.
There has been a lack of tools both for the municipalities and for the developers, to calculate
the impacts (such as transport impacts or market shares) of shopping centre establishment.
The development of an effective theoretical framework is useful both to developers and
authorities. A model needs to be developed and calibrated based on latest empirical data. We
need to further develop the strategies for cost effective carbon cutting interventions on
communal level.
Shopping centre architecture has changed a lot since the first concrete structures of the
1960's and it needs to change even more if it is to reduce GHG emissions, but at the same
time they must continue to supply pleasant social and commercial environments. This may be
achieved through for example the use of natural light which should become a central feature
associated with carbon neutral shopping centres. Despite the fragile balance between
usefulness and excess, the proper use of daylight as tool to shape architectural form and the
meaningless and impersonal 'all glass' facades.
The purpose of this study was to develop a framework for the transformation of shopping
centres. The potential for decreasing GHG emissions, and therewith mitigating the effects of
global climate change, through the improvement of the energy efficiency of existing
buildings and communities is an important step in a sustainable transformation. While
previous research revealed that improvement of energy consumption and a greening of our
buildings are not sufficient to cope with the challenges of climate change mitigation a
framework was presented that reduces greenhouse gas emissions and is linked with the role
of shopping centres within the urban social and physical context we have historically.
We have to acknowledge that the way we live is tightly connected with the way we buy.
Supply of goods is linked to quality of life and needs a rethinking in order to be able meet the
challenges of climate change mitigation.
7 THE WAY AHEAD
The next step will be to make use of a number of case studies to apply the theoretical
framework presented. This will give the opportunity to test the framework with in-depths
analysis of existing shopping centres. Refinements will be done as a result of this which will
help to make adjustments to the tool to be developed.
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Abstract This paper presents an overview of green design and planning challenges through a system
dynamics lens. The author combines 30 years’ experience in international relief and development
with better practice EU and other regional and urban planning guidelines, and system dynamics
principles, methods, and tools—to conduct this preliminary analysis of sustainability problem-solving
and planning challenges. A conceptual systems model and an illustrative sub-model are used to help
bring the preceding elements together visually, with emphasis on a climate-change-related example.
Given the seriousness of the sustainability challenges, including climate change causes and effects,
the paper suggests that there is a need and opportunity for system dynamics principles, methods and
tools to complement existing green problem-solving and planning methods.
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1 INTRODUCTION
The chief intent of this paper is to expose the reader to system dynamics principles,
methods and tools and provide a rationale for the incorporation of these with some urgency
into the current repertoire of regional and urban green problem-solving, planning, and design
methods.
It may be noted that this paper is not related to a thesis or dissertation or to other
research currently being undertaken by the author.
Per the literature review carried out for this paper—of planning and system dynamicsrelated books, reports, and national and city planning documents—it is clear that interrelated
global social, economic, and environmental unsustainability trends are generally deteriorating
at an accelerating rate. “Generally”, because many countries in the Northern Hemisphere—
including Norway—are (with exceptions of course) doing much better with respect to
managing growth, planning for green development and climate change, etc.—than most of
the countries in the Southern Hemisphere. As unfair and unfortunate as it is, this status quo is
expected to continue for the foreseeable future, particularly as the less-planned regions and
cities of the so-called South (e.g., Africa and the Sub-Continent) continue to swell with
people—many, refugees from rising temperatures, long-term droughts, and, increasingly,
rising sea-levels, linked to climate change (Smith, 2010).
The literature review also demonstrated through its general absence, a need and an
opportunity for the policy-making, regional and urban design, engineering and related
professions to incorporate to a significantly greater degree, the basic principles, methods, and
tools of system dynamics in their training and in their professional practice.
Feedback on a preliminary draft of this paper and the results of the literature review
resulted in a decision to focus this paper on the ability of a basic system dynamics framework
to potentially contribute to more cost-effective, transparent, and sustainable (or ‘green’)
regional and urban planning and design. This is an area where value can be added to the
impressive, comprehensive—but in critical need of system dynamics—green planning
knowledge base.
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1.1 System Dynamics Background
System Dynamics was founded in the mid-1950s by Professor Jay Forrester of the
Massachusetts Institute of Technology in Cambridge, Massachusetts, USA, initially as a
means of solving management and engineering problems. Later—in 1968—with the former
mayor of Boston, he applied system dynamics to urban development challenges in the book,
Urban Dynamics (Forrester J. W., 1969). Through the use of closed loop causal diagrams and
stocks, flows, and feedback models—initially on paper, then on the first computers, Professor
Forrester and his colleagues demonstrated that problem solutions were often counterintuitive, and that critical and costly decisions made in the absence of system dynamics
analysis often made problems worse or resulted in new problems.
In 1972, the first application of system dynamics-aided analysis and modelling explored
the same global sustainability issues we face in 2013 (in a nutshell: exceeding Earth’s
carrying capacity), except—due to a tepid response over the past four decades—they are
much more serious now. The analysis, containing several different scenarios to account for
business-as-usual versus more pro-active responses, was published in the periodically
updated book, Limits to Growth (Meadows, Randers, & Meadows, 1972, 1992, 2005).
Since the 1980s system dynamics as a discipline has been gradually expanding into
universities and K-12 schools, primarily in the USA, but also in other areas, including in
Scandinavia. There is a System Dynamics Master’s program at the University of Bergen,
Norway (www.uib.no/rg/dynamics), and system dynamics as a topic will have been
introduced in the Nordic Network Conference of International K-12 Schools in April 2013
(Gothenberg, Sweden). The Oslo International School in Bekkestua, Norway, recently
obtained a K-12 Site License for STELLA—one of the premier system dynamics software
programs.
In summary, the story of systems thinking and system dynamics—including Urban
Dynamics and Limits to Growth—as well as the basic systems tools including BehaviourOver-Time Graphing, Closed Loop Diagramming, and Stock-Flow-Feedback Dynamic
Modelling—is more-than-relevant to green planning initiatives everywhere (System
Dynamics Society), (Forrester J. , 1989).
2 METHODOLOGY AND DISCUSSION
The literature review and recommendations on the draft paper resulted in the author’s
decision to introduce—or promote, for those with some awareness of it already—system
dynamics principles, methods, and tools to regional and urban planners, policy makers,
politicians, architects, engineers, program and project managers, etc.—i.e., everyone engaged
in addressing the pressing green -or unsustainability- challenges of our times.
We begin with an overview of system dynamics, followed by presentation of the model,
Green Planning Challenges and Opportunities—A System Dynamics Perspective, which is
based on the model, A Systems Ecological Model of Global Development (Hall, 1995). It is
suggested that the core model could be employed as an initial template for green regional and
urban problem-solving, planning and design.
2.1 System Dynamics Principles, Methods, and Tools
A common definition of systems dynamics is that it is a methodology to explore
complexity, interconnectedness, and change over time (Creative Learning Exchange). There
is often reference to the terms Systems Thinking as well as System Dynamics. Systems
Thinking focusses on skills that do not require the use of a computer, such as BehaviourOver- Time Graphing and Causal Loop Diagramming of interrelated causes of a problem
under analysis. Barry Richmond (PhD, MIT, 1979), who developed the STELLA software,
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wrote extensively about the need for people of all ages to become systems citizens who would
interact with the world in a more caring, proactive, and logical (closed loop thinking—where
everything is connected—and stocks-flows-feedback) manner (Richmond, 2004).
Systems thinking skills can stand alone, however they can be greatly enhanced when used
as a basis to develop quantifiable stock and flow models that can be run on computers using
system dynamics software such as STELLA (isee systems). The founder of system dynamics,
Jay Forrester, is an advocate of participatory, user-friendly computer modelling, as it permits
people to see -and question- effects of model assumptions and inputs (e.g., birth rates, CO2
produced per capita, etc.) and their interactions over time, thus enabling deeper understanding
than systems thinking without the dynamic modelling capability. It may be noted that ideally
teams rather than individuals develop system models, particularly when problem-solving for
complex issues such as unsustainability trends that benefit from multi-disciplinary expertise.
The term system dynamics is used almost exclusively in this paper to avoid confusion. The
intent is that the reader will understand system dynamics to include the term systems thinking.
The principles of system dynamics include:
 A system is more than the sum of its parts
 System structure is the source of system behaviour
 Stocks (picture bathtubs with different amounts of water in them) act as delays or
buffers or shock absorbers in systems
 The only way to increase or decrease the level of a stock is by changing the inflow
(picture water from the tap flowing into the bathtub) to the stock and/or the outflow
(the drain, letting water out of the bathtub) from the stock (This why the tremendous
and growing stock of greenhouse gases in Earth’s atmosphere would take many
decades to dissipate, even if production of greenhouse gases ceased tomorrow!)
 Balancing feedback loops—drawn with a “–“ sign—have a goal-seeking effect. When
one stock or flow increases, a balancing feedback connection to another flow will
attempt to decrease the other flow (the inflow or outflow from the other stock).
Similarly, when one stock or flow decreases, a balancing feedback connection to
another flow will attempt to increase the other flow (the inflow or outflow from the
other stock). (Example: A population stock is connected via balancing feedback loop
to a potable water stock (e.g., a lake). What is a possible effect? If water consumption
exceeds water availability, population declines (death or moving away); but then with
reducing demand as population decreases, the water stock may increase.
 Reinforcing feedback loops—drawn with a “+“ sign—have a compounding effect.
Thus when one stock or flow increases, a reinforcing feedback connection to another
flow will attempt to increase the other flow (the inflow or outflow from the other
stock). Similarly, when one stock or flow decreases, a reinforcing feedback connection
to another flow will attempt to decrease the other flow (the inflow or outflow from the
other stock). (Example: A population stock is connected via reinforcing feedback loop
(representing a net positive births-over-deaths rate) to itself. What is the likely result?
A population increase. And as the population increases, more couples produce more
children, and so on… until eventually a balancing feedback loop intervenes (e.g., outmigration, famine, ‘a one child per couple policy’, etc.) Interestingly, China’s former
‘one child per couple policy’ began as a balancing loop to reduce population growth,
but then it became a reinforcing loop since deaths exceeded births, thus smaller
families produced fewer children than replacement rate that produced smaller families,
and so on.
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System dynamics models can result in different scenarios for “what if” analysis and
comparison of different assumptions, policies, data sets, and so on.
In physical, exponentially growing systems there must be at least one reinforcing loop
and one balancing loop. This is because of the limits to growth in closed systems such
as Earth (where carrying capacity is being exceeded).
There are always limits to resilience and systems need to be managed for productivity,
stability, and resilience.
There are no separate systems. The world is a continuum. However in system
dynamics problem-solving exercises, it is important to define the boundaries of the
sub-system that is being analysed (e.g., ‘Trondheim Municipality’), while attempting
to incorporate critical stocks, flows, and feedback outside the temporary sub-system
boundaries that may be affecting or affected by the sub-system in question.
A quantity growing exponentially toward a limit reaches that limit in a very short time.
Everything we think about the world is a model. Barry Richmond believed one of the
selling points of system dynamics is that there is generally much miscommunication as
people attempt to verbally share their mental models; whereas using the universal
visual language of systems (stocks, flows, feedback) to construct and share models—
results in significantly greater clarity and thus better decisions.

The preceding is a partial list of system dynamics principles. Source, with some
author adaptations: (Meadows, Thinking in Systems, 2008).
Complementary, powerful, intuitive, holistic regional and urban sustainability -or greenproblem-solving and planning principles, methods and tools have been available since the
1970s. These include Urban Metabolism Analysis (Tisha Holmes, 2012) , Emergy Analysis
(Campbell & Brandt-Williams, 2005), and System Dynamics (System Dynamics Society).
Although this paper focuses on system dynamics, I believe Emergy Analysis and Metabolism
Analysis are very effective and can be used in conjunction with each other and the system
dynamics approach. This is an area where future research could be fruitful!
It is beyond the scope of this paper to provide guidance on developing dynamic computer
models, however suffice it to say that one of the first steps in developing a dynamic model is
deciding which of the causal loop diagram elements are stocks and which are flows, and
entering them accordingly using the stock and flow icons in the software. Online orientations
and training in system dynamics are available through the System Dynamics Society
(www.systemdynamics.org), isee systems (www.iseesystems.com), the Creative Learning
Exchange (www.clexchange.org), and others. Many examples of dynamic models related to
various disciplines and interests can be explored online at www.forio.com.
A primary purpose in sharing these diagnostic methods with the reader is to point out a
common strength that they share: scalability. All of the principles, methods and tools of
Metabolism, Emergy, and System Analysis can be used from global to regional to country
to watershed to metropolis to household (and other) levels.
Definition: An urban system’s metabolism can be examined by looking at energy flows or
more broadly to include flows of water, materials and nutrients to develop a quantified
understanding of the inputs that support urban systems and the wastes generated by city
processes (Tisha Holmes, 2012).
With reference to the definition above of urban system metabolism, try replacing the term
“city” with “Norwegian University of Science and Technology”, “Scandinavia”, or “World”.
The stocks, flows, etc., operate similarly according to the basic laws of physics, biology,
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ecology, and so on—regardless of magnitudes and flow rates. Of course there will be
quantitative and qualitative input and output differences, but the fundamental model
structures and processes hold true at all levels. The system dynamics principles listed at the
beginning of this section—apply equally to Metabolism, Emergy, and other analyses.
The reader is asked to consider the core* model that follows in the same vein as the
preceding; i.e., that it can serve as a template to facilitate understanding of the main
sustainability/green interactions related to global, regional, national, and urban development,
problem-solving, and planning.
*Note: The core model developed by Braat is distinguishable from the sub-model I added
to demonstrate the relative ease with which a model can be adapted to better understand a
given issue and thus identify leverage points to optimize possible responses. (The alternative
is to develop causal loop diagrams and construct models from scratch, which is always an
option.)
2.2 Assumptions
There are three major assumptions in the illustrative model:
1)
Although not an easy read, the model (or model), when studied with the
accompanying explanations by Leon Braat and the author—is sufficiently
intelligible.
2)
The model will encourage some to consider Norway’s (and other countries’)
regional and urban challenges in a more holistic, dynamic (changes over time)
manner.
3)
Some readers will be inspired to adapt this model or develop different models—
particularly with the involvement of multi-disciplinary teams—in order to improve
understanding of regional and urban unsustainability challenges and to identify
solution leverage points in the system.
4)
The model itself—including the accompanying interpretation—could result in more
effective policy analysis, particularly with regard to the projected causes and effects
of climate change. The illustrative model includes a sub-model added by the author
to highlight potential effects of the main (Braat) model on climate change in
Norway. A demographic element was also added by the author to the Braat model
as an example of the need to incorporate demographics when analysing future urban
challenge scenarios. The reader will undoubtedly discover elements and
connections that can be omitted, added, or changed based on her perspective.
The model structure consists of stocks (things that accumulate), flows (inputs to and
outflows from the stocks), and feedback (the stocks affecting one-another over time). In order
to simplify the model, flows and feedback are combined. (In a computer-aided dynamic
model, stocks (bathtubs with water in them), flows (the water going into the bathtub, and
draining from it), and feedback (the delay involved in getting the water quantity and
temperature right)—are generally well-defined; in diagrams—much less so.
2.3 Limitations
There are three known limitations in the illustrative model:
1) It is only an illustrative model (or, more accurately, causal loop diagram—CLD). It
was not prepared or adapted by a team of experts in different fields related to
national, regional, municipal, and urban planning, climate change issues facing
Norway, economists, ecologists, and so on.
2) The model is limited by being in diagram form rather than in computer-assisted
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3)

dynamic form. The latter (computer-aided modelling), based on the CLD, permits
the use of real data, different policy, economic, disaster, population, and other
assumptions. For example how much CO2 is in the stock, how fast is it flowing in
and out, and how is that affecting warming, which is in turn affecting fisheries in the
Bodø region (for example) from 2015 to 2050—given different scenarios.
The model may be too generic for specific regional, urban, and sector-specific
situations (e.g., water and sewage, electricity generation, flood control, etc.).
Nevertheless it is hoped that the reader will appreciate and explore the potential
benefits of system dynamics principles, methods, and tools.

3 The model

Figure 1 Green Planning Challenges and Opportunities

3.1 Model Explanation
Introduction
The original Systems Ecological Model of Global Development by Leon Braat—the
structure within the grey boundary in the above diagram—is explained in his own words
below, annotated by the author of this paper (PH) when applicable. Following Mr. Braat’s
explanation, the author (PH) summarizes his additions to the Braat model (the structure
outside the grey boundary) and their meaning in the context of exploring—as an example—
some of Norway’s more pressing urban challenges to the year 2050.
It may be worth noting that the author has used the original Braat model in a number of
contexts, including in the supervision of a doctoral study on sustainability challenges in SubSaharan Africa. Although no systems models are ‘perfect,’ the Braat model does provide the
patient reviewer—or better, a group of regional or urban problem-solvers—with a visual
representation of basic interrelationships that ought to be taken into account in regional and
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urban problem-solving and planning exercises. In addition, when desired, the Braat model in
causal loop diagram form, can be converted into dynamic computer models using STELLA
and similar software. This step is essential when planners wish to quantify initial stocks,
inputs, outputs, rates of change, and feedback effects over time, based on different scenarios,
policies, and assumptions. Dynamic (computer) modelling adds the dimension of being able
to visualize causes and effects at different scales in the past, present, and future (projected).
START QUOTE (Braat)
Explanation of the System Map, by Leon Braat (PH annotations underlined)
A basic familiarity with this aggregated system model can help one picture the
connections between nature and human interaction according to physical laws. The
diagram also illustrates the meaning of causal loop thinking and the concept of stocks
and flows.
From left to right, reflecting the basic direction of energy transformations, the diagram
shows solar energy entering the system and being captured by the renewable resource
systems (3b) (including the natural component of agricultural systems—hydropower
added by the author, given that it represents over 98% of Norway’s energy production),
which are exploited by economic production systems (4) and directly by humans (8) to
generate consumable inputs (7). The flow through this major energy transformation
chain is amplified by the non-renewable resources (3a), drawn in and interacting with
renewable resources, labour, and technology (5) in the production-function (multiplier)
symbol. The production and depreciation processes generate heat (which ultimately
leaves the system) and waste and pollution (3c), which feedback negatively on stock
regeneration and energy transfer processes.
Social dynamics in the population and interactions between ecological, economic, and
human sub-systems generate social and institutional structure, which produces policies
and management, which to varying degrees modify and control the energy
transformation process. Human needs (6) are implicit in the population stock (Norway
Population Age Structure added due to projected doubling in ratio of retirees to
workers between present and 2050), but are also reflected in the labour flow
(willingness to pay by means of work for satisfaction of needs), which is influencing the
production-function (multiplier symbol). Consumable inputs (7) are acquired by the
population from the production function or directly from renewable resource stocks
(Hall, 1995).
END QUOTE (Braat)
The Braat Model can be a good a starting point for regional and urban problem solving and
planning exercises because it includes the core generic elements of nearly all interactions
between homo sapiens and the natural environment in a logical, connected manner, with
policy and management affecting and being affected by the model.
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Figure 2 Trondheim Water: Illustrative Micro-Model

The UN’s Indicators of Sustainable Development: Guidelines and Methodologies offers a
best practice list of variables that can be used as-is or adapted to a wide variety of global,
regional, national, and urban contexts (United Nations, 2007). A systems sustainability
analysis of the City of Miami, Florida, USA was conducted in 1975. The core conditions,
assumptions, and model results in that study are still applicable to—and could be adapted
by—all urban areas (Zucchetto, 1975). There is thus no reason to re-invent the problemsolving/planning wheel, unless that is what is desired.
Following is second illustrative model based on the author’s sub-model linked to the more
comprehensive Braat model. The difference is that the below model, although illustrative,
was built in the STELLA dynamic modeling software. This type of computer model is able to
use real data for its initial stocks and flows, and to produce tables and graphs of selected
stocks and flows over time for interpretation by the modelers and others. The model’s
illustrative graphic output is shown following the model. The graphic output makes it easier
for the modelers and others to identify patterns, interrelationships, and errors in the model
(illogical connections, input or formula mistakes, and so on).
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Figure 3 Trondheim Water: Illustrative Model Outputs

4 CONCLUSIONS
Opportunities (or Rights and Obligations?) for Policy Makers, Planners, Designers,
Architects, Engineers, Program and Project Managers and Others
The Norwegian Government in official documents frequently uses the term rights and
obligations. I believe this term also applies with respect to the use of system dynamics
principles, methods, and tools by policy makers, planners, designers, architects,
engineers, program and project managers and others engaged in (and potentially engaged
in) regional, national, and urban unsustainability problem-solving and green planning and
design initiatives everywhere in the world. Given the magnitude and increasing rates of
key global unsustainability trends related to linked population growth, non-renewable
resources consumption, pollution, overshooting ecological carrying capacity, warming,
sea-level rise, etc., I believe everyone should be system dynamics literate (i.e., an
obligation, just like learning Algebra, or how to calculate Energy Return on Energy
Invested (EROEI) for those in the non-renewable resources business, or Earned Value
Analysis (EVA) for program and project managers, and so on.
Likewise it should be an obligation to use the language of system dynamics (stocks,
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flows, causal loops, etc.) in most analyses of green issues, and, when possible, to build
dynamic models and run simulations to try out different scenarios over time based on
various assumptions to improve understanding of unsustainability challenges and to
identify optimal responses.
Prime ministers, mayors, school principals, professors/teachers, architects, urban
planners, EU ministers, program managers, etc.—should all be asked how they integrate
systems thinking and system dynamics methods in their professional lives.
Have a look at the top of the Green Planning Challenges and Opportunities/Braat
model, and how Policy and Management (1) and Institutional and Social Structure (2)
are—per Braat and history—disproportionately powerful effect and cause of much of the
underlying (or surrounding) system—leaving aside the potential effects of plausible
unknowns such as meteor strikes, volcanos, fusion power, revolutions, anarchy, etc.). Per
that model, the greatest threats and opportunities related to optimizing the system for
reducing the increasing rates of unsustainability and inequity at all levels—is via the
effectiveness and efficiency of the system’s Policy and Management and Institutional and
Social Structure.
This is only a model and, like all models, does not equate to reality—and should be
critiqued by sceptics. However the author (PH) believes the reader, regardless of political
and religious preferences, socio-economic status, gender, race and so on—if she is on the
sinking Titanic—will generally prefer to have proven emergency response equipment and
procedures (institutional and social structure) and a relevantly experienced and trained
captain and crew (policy and management)—rather than passengers—making the difficult
decisions required to save as many lives as possible. Another example is the successful
US Airways crash-landing in the Hudson River on 15 January 2009. The passengers were
exemplary, but it was primarily the captain/pilot—who’s training and experience
(including as a sailplane pilot)—who was responsible for saving the passengers and crew
(CNN, 2009).
Thus a key conclusion of this paper is that the Braat Model’s emphasis on the
system’s (at all levels) policies and management and institutional and social structures—
are well-founded based on the ‘lessons’ of history. Unfortunately many—not all—of the
lessons (ignored, for the most part) have been related to less-than-optimal institutional
and social structures, destructive, short-sighted policies, and self-serving, incompetent
management.
Earth has its boundaries, but human stupidity is limitless—Gustave
Flaubert (European Graduate School).
Therefore, with respect to regional and urban planning, priority for a system dynamics
orientation needs to be considered especially for those who review and develop policies
and management and institutional and social structures.
Returning to the rights and obligations paradigm, in exchange for accepting the
obligation to learn and apply basic system dynamics skills, this is to suggest that the
policy makers, politicians, and professionals (required to be) involved would enjoy a right
to operationalize, teach, and promote system dynamics, including in developing countries,
where regional and urban challenges are immense and, with climate change, are projected
to become even more pressing in the relatively near-term.
I believe professionals with experience in green problem-solving and planning will be
increasingly sought after; and those with the added capability to facilitate problemsolving using system dynamics will be sought after even more—as the regional and urban
unsustainability trends mount.
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Abstract. Research on the barriers for building renovation in Denmark has revealed that an
important obstacle is a lack of simple and holistic tools that can assist stakeholders in decisionmaking during the early stages of projects (pre-project phases). The purpose of this paper is to
present preliminary research results and ideas for the development of a tool, which can be used as
decision support for renovation projects in early stages. The research is part of the Eracobuild
project ACES – “A concept for promotion of sustainable retrofitting and renovation in early stages”
with participants from Denmark, Sweden and Cyprus. This paper is mainly based on a work package
concerning benefits of restoration. The approach has been - after a literature review - to start by
conducting a needs and stakeholder analysis with 10 interviews. Based on this initial analysis a
requirement specification for the decision support tool has been formulated and an outline of a
preliminary evaluation tool has been developed. The results of the needs and stakeholder analysis, the
requirements specification and the outline of the evaluation tool have been presented and discussed
with a group of main stakeholders at a workshop. The target group for the tool is the professional
sector. Some of the main requirements are that the tool shall be a basis for dialogue among building
professionals and building users and support formulation of objectives for renovation projects. It
should also be usable for comparing alternative project proposals and to follow-up on a project and
assess the results. The tool will cover the four main parameters: Environment, users (satisfaction),
organisation (including competences), and economy (in a wide sense). Evaluations will be subjective,
but based on facts and arguments. The different stakeholder’s different evaluations will be presented
as part of the results.
KEYWORDS: Sustainability, Evaluation, Renovation, Buildings, Energy, Early stages
1 INTRODUCTION
Retrofitting and renovation of buildings is currently achieving increased attention in many
European countries. A fundamental reason for this is an aging building stock following the
huge increase in new building activities in the years following the WW2. Other important
reasons are higher energy prices and the increased focus on sustainability and not least the
need to reduce consumption of fossil energy resources and CO2-emissions. Still higher
demands on energy performance of new buildings in EU-regulations and national buildings
codes mean that the discrepancy in energy performance between existing buildings and new
buildings becomes greater and greater. Even though the need for retrofitting and renovation
of existing buildings is increasing, there are still fairly limited actual renovation activities
going on in most countries. There are many different reasons for this, which has been shown
in a number of research studies on barriers and incentives.
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This paper is based on the joint research project: ”A concept for promotion of sustainable
retrofitting and renovation in early stage” (ACES), in which the Technical University of
Denmark, the Royal Institute of Technology, Sweden, and Frederick University, Cyprus are
involved. It is based on the fact that approximately more than 40% of the total energy in
Europe is spent within the buildings sector, which significantly contributes to greenhouse
effects and air pollution. Moreover, it is estimated that approximately 85% of the 160 million
buildings within the European Union are thermally inefficient (Swedish ScienceNet, 2010).
Hence, it is crucial for the existing building stock to become refurbished. The ACES project
is part of the European Eracobuild programme with a particular focus on Value Dreive
Processes.
The project is divided in a number of work packages and this paper concerns WP2 on
evaluation of the economic and environmental benefits of sustainable retrofitting and
renovation of buildings. It is based on the view that the value of renovation is evaluated
differently by different stakeholders, so it is important to highlight the main stakeholder’s
subjective viewpoints. The research has included an initial literature review focusing on the
measures, barriers, incentives and tools for renovation. This was followed by a needs and
stakeholder analysis based on an interview survey with the aim to identify the areas where
further work could make a difference and add value to the stakeholders involved in
renovation projects. Based on that, the aim of WP2 is to develop a simple, qualitative
assessment tool aimed at guiding the setting of objectives and supporting dialogue among
user representatives and professional stakeholders in the pre-project stage of renovation
project.
The purpose of this paper is to present the main results of the literature review and the
needs and stakeholder analysis as a background and reasoning for the development of the
proposed tool, which is also outlined. The paper is structured so that the literature review is
presented in section 2 with a focus on barriers and incentives as well as on existing
assessment tools. The methodology of the empirical study is explained in section 3. The
results of the needs and stakeholders analysis is presented in section 4 and an outline of the
proposed tool called RENO-EVALUE is presented in section 5. The paper is finished with
conclusion in section 6.
2 LITERATURE REVIEW
2.1 Barriers and incentives
Several international research studies have analysed the barriers for initiating renovation
projects. The World Business Council for Sustainable Development (WBCSD) has produced
a number of reports about energy efficiency in buildings with a global outlook. In WBCSD
(2009) they state that several barriers stand in the way of rapid progress ranging from market
and policy failures, through professionals’ inadequate knowledge and understanding, to the
behaviour of building users. Their modelling work indicates that measures with a substantial
impact are unlikely to meet normal financial investment requirements and are therefore
unlikely to be implemented. Furthermore they identify several structural obstacles that
significantly inhibit the likely take-up rate even of financially attractive investments.
A European ERABUILD project on building renovation and modernisation in Europe
conclude in their final report (Itard et al., 2008) that the barriers in general are the lack of
knowledge and information and the lack of cost effectiveness and funding. For owneroccupiers and private landlords the lack of knowledge and information, and funding are seen
as the main problems. An additional barrier for private investors is that they do not profit
themselves from the investment made in rented out buildings – often called the
landlord/tenant dilemma (IEA, 2007). In relation to opportunities Itard et al. (2008) regard
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that they are going to be generated by governmental actions and market processes. Demands
of owners and occupants (e.g. with regard to comfort) have been changing and are going to
change in the near future, which will have a positive effect on sustainable renovation.
In the UK the Better Buildings Partnership has produced reports about low carbon
retrofitting. Better Buildings Partnership (2010) identifies barriers in the following five areas:
1. Commercial, including failure to provide a compelling and viable business case for
investment in retrofit and the inherent split incentive between owners and occupiers.
2. Roles and Processes, including no defined process to designate individuals within an
organisation with the responsibility and authority to identify, plan and deliver energy
saving and carbon reduction interventions.
3. Financial, including access to and availability of capital funds – whether they are
provided by the owner, occupier or third party.
4. Technology, including a lack of knowledge of the options available to upgrade
buildings and issues associated with the implementation of specific retrofit activities.
5. Policy, including a lack of regulation or government intervention to stimulate the
uptake of retrofit activity.
The Danish Building Research Institute has identified a number of barriers for energy
renovation divided in internal barriers, which cover the inertia among building owners, and
external barriers covering lack of knowledge, resources and solutions (Jensen, 2009). One of
the main incentives is supposed to be the Energy Labelling system (EMO). The regulation
varies for different buildings types. However, a recent report about the Energy Labelling in
Europe from The Danish Building Research Institute concludes that the label is not being
utilized by Danish building owners (Gram-Hanssen & Haunstrup Christensen, 2011).
In Denmark there has recently been published a White Book on building renovation (BiD
and GI, 2011). A stakeholder analysis has been made as part of this work, and this
summarizes the main barriers as follows (Advice A/S, 2011):
1. Too little political consciousness about the value creation by renovation
2. Weak economical incentive structures – including the paradox problem
3. Lack of life cycle cost perspective
4. Lack of standard solutions/concepts
5. Clear ‘hen and egg’ problem – lack of demand causing lack of development causing
lack of demand
6. Overview and common direction is lacking among the actors
7. No overview of potential and priority
8. Renovation has an image problem compared to new building activities
The stakeholder analysis identifies a large number of different stakeholders with different
interests in energy renovation of buildings, but except for the paradox problem the
stakeholders do not have contradictory interests.
2.2 Assessment tools
Haapio and Viitaniemi (2008) make a critical review of 16 different building
environmental assessment tools. Half of the tools can be used for existing buildings, but only
5 of those are suitable for assessment of refurbishments of a building. These include the
internationally used environmental certification systems BREEAM developed by the British
Research Establishment and LEED from the US Green Building Council as well as
ATHENATM Environmental Impact Estimator from the ATHENA Sustainable Material
Institute in Canada, BEAT 2000 from the Danish Building Research Institute in Denmark and
EcoEffect from the Royal Institute of Technology (KTH), Sweden. BREEAM, EcoEffect and
LEED are in the paper classified as whole building assessment frameworks or systems, while
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ATHENATM and BEAT 2000 are classified as whole building design or decision support
tools.
Gohardani and Bjørk (2012), who are part of the ACES-project team from KTH,
investigate selected tools and methods for refurbishment. They point to EPIQR as a decision
support tool to upgrade current comfort standard, fulfil ecological demands and achieve
optimal energy performance, which combines technical, financial, energy and comfort
analysis for refurbishment. The flow of information from cost and energy performance
characteristics enables the EPIQR-user to make informed decisions regarding building
refurbishment. An interesting aspect of the EPIQR methodology is the involvement of tenants
of the apartment buildings in form of questionnaires. This survey method gathers data on
indoor environmental quality issues prior to any suggestions for suitable refurbishment and
retrofitting actions. There are many multivariate designs and multiple criteria tools available
for retrofit of buildings and ECBCS Retrofit Advisor represents one of these instruments that
allow a simple evaluation of retrofit options for apartment buildings. TOBUS is a decisionmaking tool for selecting office building upgrade solutions. With aims of elaborating
consistent refurbishment scenarios and estimation of reasonable investment budget in the
early stages of a refurbishment project, this method complements EPIQR. Different indoor
environmental quality aspects of office buildings can also be investigated through TOBUS.
XENIOS represents a proposed methodology for performance of a preliminary hotel audit
and an initial assessment of cost-effective energy efficient renovation practices, technologies
and systems.
A state of the art report on building renovation of buildings in Denmark (Jensen, 2011)
has been produced as part of the ACES Project and it includes an overview of tools and
methods and some of these will briefly be mentioned in the following.
A report from the civil engineering department at the Technical University of Denmark
includes a chapter about economical assessments (DTU-BYG, 2008). It distinguishes
between private and societal economical assessments. The latter are based on a guideline
from the Danish Energy Agency. For private economical assessments the report recommends
the method Cost of Conserved Energy (CCE) or Cost of Saved Energy (CSE), which is a
measure of the price of saving one kWh. The report from 2008 presents this method in a
quite advanced form based on net present value calculations. In a more recent report from the
same department with an idea catalogue for building renovation the method is used in a more
simple form without including net present value calculations, finance cost, inflation and
other future economical conditions (DTU-BYG, 2010).
The Danish State Building Agency (earlier the Property and Palaces Agency) has on their
homepage a tool for calculating the profitability of energy investments. It is included in an
Excel spreadsheet and the calculations are based on net present value with a formula used by
the Agency of Economy. The discount rate is 5% p.a. determined by the Danish Ministry of
Finance and the annual increase in energy prices exclusive of inflation is 0.92% based on
prognoses from the Danish Energy Agency. The calculation requires the following input
data: Service life expectancy, annual savings from the investment in DKK and the initial
investment. The tool also includes some typical examples of service life expectancies.
Besides these methods for economical assessments of energy renovations there are a
number of other tools on websites for refurbishment and energy renovation, see Jensen
(2011).
3

METHODOLOGY

In an early phase of WP2 (January – March 2012), a needs and stakeholder analysis has
been conducted following an initial literature review (Jensen, 2011). The analysis was carried
out through 10 interviews with different stakeholders in order to determine their point of view
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and needs in relation to sustainable retrofitting of buildings in Denmark. The interviews were
conducted with the representatives from the Danish Association of Construction Clients, the
Danish Ecological Council, 3 building clients (housing association, real estate administration
and municipality), 3 consulting engineering companies and 2 contractors.
The interviews had a qualitative form and were of a semi-structured nature. A general list
of themes and questions was prepared in advance and some questions were omitted while
others were included during the course of the interviews. Interview minutes were sent to the
interviewees for acceptance. The interviews were compared and analysed in search for
common issues and topics that stakeholders find important in relation to sustainable
retrofitting of buildings. Based on the literature review and the analysis, a proposal for a tool
for evaluation of renovation projects (RENO-EVALUE) was developed. The results were
presented and discussed at a workshop with 18 participants in March 2012. The work on
WP2 continues with a number of case studies and further developing of the tool.
4. FINDINGS FROM THE NEEDS AND STAKEHOLDER STUDY
4.1 Needs and stakeholder analysis
In the beginning of the analysis it was important to determine key motivators for
renovation of buildings in Denmark. It was however not a simple task since earlier research
has documented many barriers for initiating building renovation projects. The barriers can
generally be divided into two categories: economic and informational barriers. Lack of the
financial incentives and life cycle perspectives are the most significant economic barriers
while too little political consciousness; lack of common direction amongst the main
stakeholders and lack of overview where to prioritize are the most important informational
barriers. In addition, new constructions are considered more attractive and get more attention
than existing buildings. In general, the problem is not a lack of technical solutions but more
of a problem to get the building owners to implement the existing solutions.
4.2 Motivators for retrofitting
Almost all stakeholders mentioned deterioration of buildings as a key motivator for energy
renovation. In some cases problems with indoor climate in newer buildings are motivators for
renovation involving energy optimization. In public institutions, housing associations and
private companies, energy renovations are often used for branding or as a part of
organization’s strategy in relation to Corporate Social Responsibility (CSR). It is seen that
especially global companies located in Denmark are requiring energy efficient buildings from
their landlords.
In Denmark, energy labelling of buildings was implemented in 2007 with the intention of
becoming a driving force for energy renovation projects, but it is not very popular. It is rarely
used as a motivator for energy renovations and some say it is because of energy labelling is
primarily based on theoretical calculations which do not reflect reality quite well. Especially
for social housing a revised system of energy labelling is now been introduced to meet the
criticism.
The state of the market is an important factor when talking about energy performance and
renovation of building. In case of slump like today, tenants may have a slight advantage over
landlords and can make demands that they probably could not in case of a financial boom.
That is why the owners of the energy efficient buildings have better opportunity to rent their
buildings out today than the owners of the energy inefficient buildings, anticipated that other
criteria such as correct rent price, location etc. also are satisfied.
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4.3 Building users and their interests
Through the analysis it was confirmed that building users often have different interests,
but this varies depending on type of buildings. Public schools and listed buildings are usually
part of a political agenda since they get a lot of attention from the inhabitants every day.
Energy renovations in social housing in Denmark are highly dependent on residential
democracy. It means that the majority of the residential voters have to support the idea;
otherwise it will not be realized.
Landlord/tenant dilemma is present in the private building sector in Denmark and
considered to be one of the biggest barriers for energy renovation projects (Ástmarsson,
2012). The landlord provides the tenant with housing, appliances and installations, and the
tenant pays the energy bill. The landlord is therefore not interested in investing too much
money in energy efficiency while the tenant wants to lower the energy costs, and this is
where the dilemma occurs. The legislation in this field is very complex and the maximum
rent is regulated by the law which in many cases is an obstacle for energy renovations
because the maximum possible rent in most cases is insufficient for financing investments.
4.4 Decision processes
In the analysis none of the interviewees could present pure energy renovation projects. It is
because energy renovations in Denmark are mostly combined with general refurbishment,
moving/redesigning, or as a last minute solutions when service life of building components
already has expired.
There are a couple of parameters that have an impact on a decision process. In many cases
payback time is the most important parameter when considering energy renovations. Decision
makers are mostly interested in short payback times which do not require huge investments.
Typical examples could be replacing light bulbs and IT equipment, optimizing ventilation or
heating unit, and installing photovoltaic panels. Comprehensive renovations such as reinsulation of the external walls, replacing windows, or roof replacement are more complex
and thereby more expensive initiatives with a long payback time. They require long term
planning and usually involve several parties such as architects, engineers, consultants,
entrepreneurs, developers, building users etc.
Because of the complexity of comprehensive renovations, many calculations and
simulations are performed beforehand, but according to the research, credibility of these
results is questionable. Almost all interviewees mentioned that in many projects which they
have been involved in, there was a remarkable difference between calculations and true
energy performance. This difference was mostly estimated to be 10 – 30 %. Some blame the
calculation tools for this inaccuracy, others think that the baseline is usually not set correct,
and many also believe that it is user behaviour which in the end makes the difference. There
are also some interviewees who think that the inaccuracy is the result of poor workmanship
during the construction process.
The lack of confidence in achieving expected energy performance is an important reason
for an increasing interest in Denmark for ESCO (Energy Service Companies) or EPC (Energy
Performance Contracts), where a company promise guarantied energy savings to the building
owner. Particularly many municipalities have initiated ESCO projects in recent years (Jensen
et al., 2011), but an increasing interest among other types of building owners is also
becoming evident. ESCO is seen as a possible way to overcome the landlord/tenant problem not least in private rented housing.
Energy renovations in Denmark are usually included in two types of projects:
comprehensive refurbishment and energy optimization. In comprehensive refurbishment,
energy renovation is a part of large project in which architectural and social parameters are
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also included. Such energy renovations often comprise both building envelope and technical
installations and also increasingly renewable energy solutions like photovoltaic panels.
Energy optimization projects are mainly focusing on technical installations such as HVAC,
their performance, maintenance and correct usage. In relation to correct usage, it is very
important to work with user involvement and user behaviour, since they are consumers of the
final product. There are many ways to affect user behaviour. Some stakeholders mentioned
visualization of energy consumption, internal competitions on energy consumption, education
of technical staff, as well as passionate local ambassadors as effective methods for achieving
better energy performance. By automating technical installations, some uncertainties
regarding user behaviour can be removed. In this case, it is important to explain caretakers
and technical staff how equipment should be operated and maintained.
4.5 Non-energy benefits
Non-energy benefits (NEBs) are the benefits that follow with energy renovation projects
as a side effect and are difficult to express in numbers (Amann, 2006). Typical non-energy
benefits are indoor climate improvements in terms of better comfort, more daylight, less
draught etc. According to the research, better indoor climate is directly linked to more
productivity and less sickness absence which makes NEBs very relevant for office
companies. On the other side, NEBs are not usually a decisive factor in the private sector but
can be used as a good argument in the initial phase of renovation project. Since NEBs are
difficult to express in numbers, they are not taken into consideration when calculating
profitability, but several interviewees think that it should be changed, so that NEBs can
become a valid parameter in energy calculations. However, there are also some interviewees
who claim that it is difficult to talk about non-energy benefits in advance and say that they
are first discovered when energy renovation is completed.
5 OUTLINE OF THE PROPOSED TOOL
5.1 Purpose of RENO-EVALUE
As previously described, there are many challenges and obstacles in energy renovations.
Many possibilities are missed in the early stages of energy renovations because of the lack of
knowledge and missing economical incentives, and there is also need for a better
communication between different stakeholders involved in energy renovations. In order to
overcome some of these issues, new evaluation tool called RENO-EVALUE has been
developed. RENO-EVALUE is a tool for holistic assessment of sustainability in energy
renovation projects. The main purpose of RENO-EVALUE is to be used as a decision
support tool in the early stages of energy renovation projects. It is a process-oriented tool that
can be used by anyone with insight into the project. RENO-EVALUE is not only focusing on
a final product, but covers project organization, economy and renovation process too. It can
be used to formulate goals for renovation projects and to enable focus on essential aspects for
the primary decision makers. It can also be used as a communication tool between different
stakeholders and help in making evaluations on the basis of expectations. The tool has to be
able to monitor and evaluate the obtained results and also to provide the opportunity to
compare different projects and evaluate alternative proposals. RENO-EVALUE is also
planned to be used to illustrate cases in the form of inspirational projects.
5.2 Target group
RENO-EVALUE can be used by the decision-makers who not necessarily possess the
adequate technical competences for evaluating the energy renovation projects. The tool can
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be used by all stakeholders involved in the early stages of energy renovation project, as long
as they have some knowledge about the project.
The evaluation tool is intended for use on large scale projects in the professional sector,
not single family houses etc. Primary users of RENO-EVALUE might be client
organizations, housing associations, estate administrators, facilities managers etc. One of the
advantages of RENO-EVALUE is that it can be used as a communication tool between
developers/landlords and representatives of inhabitants, tenants, employees and building
users. Architects, consultants and contractors might use RENO-EVALUE for illustrations and
comparisons of different proposals.
5.3 Application method
Since the tool is addressing different stakeholder groups, it has to be easy to understand
and simple to use. Data is collected through interviews with primary stakeholders and there
are no new calculations in the tool. An interviewer collects facts about the project beforehand
and checks them with the stakeholders during the interviews. Interview questions are
standardized with minor deviations depending on stakeholders and building types.

Figure 1: A preliminary illustration of RENO-EVALUE model

The evaluation of project is based on subjective assessments, but also supported by project
facts. Furthermore, there is a written explanation for a certain rating and the information
about valuator is available too.
The RENO-EVALUE model is in Figure 1 illustrated as a spider’s web in which it is
possible to rate parameters and their factors with grades 1-5 from low to high. It is possible to
make the rating both before and after the energy renovation is completed, which in the end
makes it possible to compare the expectations with the final results.The advantages of
RENO-EVALUE are that it does not take long time to do the evaluation, the graphical
illustration of results is easy to understand, and the model provides a quick overview of the
current situation, seen from a certain stakeholder’s perspective. It can for instance be useful
in the early stages of the energy renovation projects, in order to improve the matching of
expectations between different stakeholders and defining the success criteria for a project.
After the project is completed, the evaluation results from the initial phase can be used to
determine whether the success criteria are fulfilled or not, and there is also possibility to
evaluate the project again. The evaluations can internally be used to compare “before and
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after” situation, and externally for experience exchange and comparison between different
projects.
5.3 Parameters in the tool
The evaluation tool RENO-EVALUE is planned to cover the four main categories:
Environment, Users, Organization and Economy. Each category is divided in two parameters
with a sub-division in a number of factors. A preliminary list of factors is shown in Table 1.
Table 1: Preliminary categories, parameters and factors in RENO-EVALUE

Category

Parameter

Resources
Environment

Climate

Product
Users
Process

Developer/client
Organization
Consultant/contractor

Euro/Kroner
Economy
Value

Factors
Energy consumption
Renewable energy production
Water consumption
Reuse of water
Local discharge of water
Amount of waste
Reuse of waste
CO2-emissions
Pollution
Architecture and aesthetics
Function and user-friendliness
Indoor climate and comfort
Sustainability
Cooperation between participants
Mutual information
User involvement
User consideration in implementation
Project management skills
Ability for decisions
Technical competence
Cooperative skills
Involvement of the operating organization
Project management skills
Technical competences
Problem solving abilities
Cooperative skills
Coherence in supply team
Reasonable rent
Reasonable running costs
Reasonable costs in the long term
Attractive dwelling
Well functioning settlement
Attractive area

6 CONCLUSION
Earlier research has documented many barriers for initiation of sustainable refurbishment
and energy renovations. Research on the barriers for building renovation in Denmark has
revealed that an important obstacle is a lack of simple and holistic tools that can assist
stakeholders in decision-making during the early stages of projects. The needs and
stakeholder analysis conducted as part of the present study confirms the results of former
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studies, that the barriers can generally be divided into two categories: economic and
informational barriers, but it also shows that the main motivators for energy renovation is
deterioration of buildings and payback time. Therefore energy renovation can be divided in
comprehensive refurbishments, where energy renovation is an integrated part of an overall
building refurbishment, and energy optimization, where mostly profitable measures with a
fairly short payback time are implemented.
The needs and stakeholder analysis has also shown that even though the need for energy
renovation is huge in the private owned individual housing sector, the most promising area
for developing decision support tools based on rational arguments and choices is the
professional sector. There are a number of tools developed to support energy simulation and
building design, but there is a lack of simple tools that can support the initial goal setting
among the primary stakeholders in early pre-project stages and support the dialogue between
non-professional user representatives and building professionals in housing associations,
architect and engineering consultants companies and contractors. This is where the proposed
tool RENO EVALUE is targeted and it is planned as a holistic and qualitative tool to define
objectives and clarify expectations as part of an initial dialogue and decision making process
and as possible tool to follow-up on decisions and evaluate results. It is based on the three
general accepted pillars of sustainability: Environment, Social and Economy, but being a tool
related to retrofitting and renovation of buildings it also includes evaluation of the
organisation involved in implementing such projects to achieve a holistic evaluation.
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Abstract. The largest potential for decreasing greenhouse gas emissions, and therewith mitigating
the effects of global climate change, comes from improving energy efficiency of existing buildings and
communities. The case study focuses on transformation and design strategies for the barn building at
Rotvoll, a part of Trondheim, Norway. In addition to consider conservation issues, a sustainable
design for the old building is suggested and how a new use defined by the client can be
accommodated. This framework adopts various approaches ranging from siting/mapping of existing
building structure and evaluation of building damage, architectural design/mapping of future
functional needs, to the emission accounting of materials both as reuse and new, and energy
performance taking various energy supply options into account. Designing for reuse of the old
wooden structures proved demanding, but eventually rewarding, since they contribute to the feeling of
"living in a barn" by exposing the historical layers of the building. Energy performance calculations
showed that passive house standard can be reached for the transformed building with optimized
window area and well-insulating envelope. In order to minimize the energy demand even further,
systems like hot water heat recovery and hybrid ventilation was used. These measures helped to
reduce the energy demand by 21%. Lastly three energy supply options were evaluated for the building
with regard to their delivered energy, current emission levels and emissions over lifetime. Although
all three supply options would lead to an A label for delivered energy, they do so with different levels
of delivered energy and related emissions. None of the options showed best results in all aspects.

KEYWORDS: Existing buildings, Community level, Renewable energy, Energy efficiency
1 INTRODUCTION
Continuously stricter building regulations make it necessary for architects to gain expertise
in environmental design and careful resource use in architecture. There is great need for
projects that show that the more stringent requirements do not mean a reduction of
architectural quality but also helps to produce good architecture. Students can by "research by
design" explore and highlight the opportunities associated with energy and environmental
transformation of existing buildings, focusing on materials and energy, local communities
and culture.
The aims of the project included reusing as much as possible from the old structure, while
ensuring a good energy performance. The project includes largely cooperation with the local
building industry and population, such as to contribute to the mutual knowledge and dissemination. Also architecturally, reuse and fitting the existing barn structures was a crucial
theme for functional distribution and interior and exterior concepts. The design project is
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divided into four important themes of the project:
1) The Barn - the history and investigations of the existing structure
2) Design - architectural design drawings and building owner/user considerations
3) Materials - details for new and reused materials and embodied emissions accounting
4) Energy - energy targets, performance and evaluating energy supply options
The programs used for the project include SIMIEN for simulating energy performance and
Autodesk Ecotect and Radiance for daylight simulations (Dokka 2012). Emission accounting
for materials was done using Swiss database EMPA (Lehmann and Althaus 2009). Results of
the in-depth analysis were used in workshops with the building owners in order to refine the
functional program and the social dimensions of the construction phase. These generated
valuable input to the further design process.
2 BACKGROUND
2.1 History
Rotvoll farm history dates back to the late 19th century when the Rotvoll asylum was
built. Rotvoll asylum for the mentally ill was among first modern facilities of their kind in the
country and included directly connected agricultural activities as part of the therapy (Solberg
2009). Thus the Rotvoll farm is closely linked to the history of the asylum, which ceased to
be a hospital in 1990. The former asylum building is now used by HiST university, while the
Rotvoll farm buildings were taken over by Camphill Rotvoll village and Steiner school. See
Table 1 for a timeline of the buildings history.
Table 1 : Timeline of the buildings history
1872
1928
1989

Rotvoll Asylum - arch. Ole Falk Ebbell
Rebuilding of asylum - arch. Ole Bjerke Holtermann
Camphill Rotvoll established at Rotvoll farm

2.2 Setting

Figure 1: Building 4 as example of condition analysis
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Figure 2: Programme translated into special distribution, developed during design phase with user participation

In winter months the terrain limits solar access to the lowest floors of the buildings, since
the terrain is downward sloping towards the fjord. The barn building is central to the farm
and shelters other buildings from the road (Rotvoll alle) in the north. The barn with its
winged shape and the surrounding buildings and green spaces create different moods around
the perimeter of the barn.
3 DESIGN AND USER CONSIDERATIONS
The design of the barn into a building with new functions and demands required the
involvement of the building owners / users. This was done in frequent workshops where
representatives of Camphill had the opportunity to give valuable input on size, location,
functional distribution of the room programme. Four main representatives took part in the
presentations and discussions throughout the design phase. Figure 2 shows the layout of the
different floors which were altered several times during the design phase. During the process
the evaluation results of the in-depth analysis of different aspects were used as form giving
input.
The programme consists of residential units for Camphill Rotvoll and living and teaching
premises for FRAMskolen, which are both part of the Camphill movement. Camphill
commmunities are "life-sharing" communities and schools for adults and children with
learning disabilities and other special needs that provide services and support for work,
learning and daily living. A site visit to FRAMskolen in Vallersund at the beginning of the
design phase gave valuable input on the social interactions, work-life environment, the
relation between private and public space, which was a special focus in this project. In-depth
analysis and special distribution of these spaces was inevitable for the success of the project.
This was discussed in relation to costs and environmental impacts and thus building upon
a sustainable framework that should be embedded in all refurbishment / transformation
projects.
4 MATERIALS
The barn building consists of 5 parts which have different building periods and structural
properties. Each of them also represent a different reuse potential - in some whole structures
can be reused while in other parts only separate elements (see Figure 1 for building 4 as an
example).
Converting a barn to a building that is permanently used for residence is linked to an
increased load on the existing structure. A variety of methods exist to improve the stiffness
and load-bearing capacity of wooden structures. The choice of the new materials for building
envelope and added internal elements was guided by a number of principles:
1) environmentally friendly/ lower CO2 emissions
2) U-values below 0.1 W/m2K for the building envelope
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3) allowing for simple, fewer layers - thus simpler/faster building process
4) wood based materials (avoiding concrete/steel where possible)
5) avoiding use of plastic materials (e.g. vapor, wind barriers)
6) insulation material with higher thermal storage capacity
7) allowing some building steps to be done by self-building
Most of the wall surface of the barn is clad with vertical boards in distinctive red color
often used for farm buildings in Norway. All the non-damaged cladding boards are proposed
to be dismantled and later reused after the insulating envelope is added to the barn building.
To make most use of the existing cladding boards a cladding principle is proposed of
mixing the old cladding boards with new natural wood colored ones. The more weathered
boards would be used for "background" cladding with new boards in the foreground and
inversed principle with better/ specially profiled boards.
To provide an estimate of the embodied emissions related to the conversion of the barn
building, accounting was performed in detail for a representative reference section of 2,6 m
width in building part 4 - corresponding to one bay of existing wooden structures .
The selection of new materials for the added building elements was done with reference to
their environmental impact, choosing materials and layering principles that would lead to
lower embodied emissions. Also the use of steel and concrete was minimized, thus the overall
emission values are relatively low. Windows represent the largest environmental impact
(15% of emissions) followed by the laminated veneer lumber (LVL) sheeting used to brace
the existing wooden structure (14%). However, if all insulation materials would be added
together (XPS, cellulose and wood fibre), they would represent the largest portion of
embodied emissions - 25%.
When also accounted for transport and technical systems, the embodied emissions from
the added materials would increase, thus reducing the fraction of the emissions embodied in
the existing structure. However, even with emission fraction lower than 33%, keeping the
existing structure would provide an emission "saving" of 221 000 kg CO2eq (section values
presented in Figure 3, multiplied 48 times) , which would otherwise be reduced or lost in case
of only recycling the materials.

Figure 3: Overview of material emissions for combined new and existing building elements (based on reference
2.6 m section)

4 ENERGY/EMISSIONS
4.1 Heat losses
The transformation strategy for the barn included a strong focus on ensuring a low heat
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loss through the building envelope. This included removing the existing concrete slabs to
ground (approx. 30% of building footprint) to be replaced with insulated elements. Also
number, size and placement of windows were optimized to allow for sufficient daylight in all
rooms with smaller glazed area (see 4.5 for daylighting strategies).
The U-values for envelope elements was set to 0.1 W/m2K (calculated as 0.09 W/m2K
with www.u-wert.net), and U-value for doors and windows to 0.7 W/m2K - both lower than
required by passive house standard (NS3700).
An overview of the specific energy demand of the barn building is represented in Fig.4. As
can be seen from the table, most of the energy demand is linked to use of the building - hot
water, lighting and equipment together account for 75% of energy demand. Envelope
characteristics and thus heating demand for space and ventilation heating account for only
17%.
• Heating demand (space and ventilation heating): 13.5 kWh/(m2 year) - compliant with
passive house requirements! (NS3700)
• Specific heat energy demand: 43.3 kWh/(m2 year)
• Specific electricity demand: 34.8 kWh/(m2 year)
• Total specific energy demand for base case: 78.1 kWh/(m2 year)

Figure 4: Specific energy demand for base case by category in kWh/m2 a year (result from SIMIEN)

4.2 Energy demand
In order to reduce the energy demand, a variety of active and passive strategies were
considered to be used in the building. Due to the relatively low lighting energy demand
values given for residences in NS3700, no further reduction in this category was considered.
Also further decrease in already low heating demand (now 13.5 kWh/(m2year)) was not
considered efficient. Use of energy efficient equipment could reduce the demand further, but
is not considered in this calculation since depends on the users.
Instead, other energy demand categories - like hot water and fans were addressed. The
strategies used are in more detail presented in the following. By using heat recovery for hot
water from showering and hybrid ventilation principles with lower fan power demands the
energy demand could be reduced by 21% - mostly heating energy.
• Specific heat energy demand: 29.9 kWh/(m2 year)
• Specific electricity demand: 31.8 kWh/(m2 year)
• Total specific energy demand for low-demand case: 61.7 kWh/(m2 year)
For the low-demand case, the energy demand for electricity is 15% more than for heating
energy and as can be seen from Fig.5 – the demand is constant over the year (slight seasonal
differences would occur of lighting requirements would be adjusted to seasonal variations in
daylighting levels). Heat energy demand, on the other hand, is seasonal - with highest
demand in the cold months in winter.
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Figure 5: Monthly energy demand values (from left) - heat energy, electricity, total energy demand, in kWh
(based on results from SIMIEN)

4.3 Heating strategies
RADIANT FLOOR HEATING
Since floor heating was used already in the base case energy demand, no decrease of
energy is associated to its use. However, radiant floor heating allows for lower-temperature
renewable heat source, as well as more efficient heat distribution and higher comfort in the
building.
The system used for this project is Silencio Thermo - a sound impact wood fibre board
used for waterborne underfloor heating. The heating pipes are laid in the wood fibre board
instead of screed, allowing for a lighter construction. It also results in a low overall height
and good sound insulation properties. Because the pipes lie close to the parquet flooring it is
possible to have a lower water temperature which can be adjusted more rapidly." (Hunton).
HOT WATER HEAT RECOVERY FROM SHOWERING
Heat recovery was considered as being an efficient solution. System proposed is RecohVert – a 2.1 m long tubular heat exchanger that consists of three tubes. The inner pipe, with a
diameter of 50 mm, is the waste water drain pipe. The cold water is preheated while it flows
upwards through the annular space (Hei-Tech).
Due to the characteristics of Recoh-Vert system, the shower has to be on the 2nd floor
(and the exchanger below the bathroom in a vertical position). This is ideal for the functional
distribution of the barn, since all bedrooms and showers are above ground level - thus
allowing for efficient use of the Recoh-vert system.
Heat recovery efficiency of the heat exchanger is set to 60 % and assuming a 75% water
use for showering (of total DHW), the hot water demand can be decreased by 45%
(0.6x0,75).
4.4 Ventilation strategies
WINDCOWL AND HEAT EXCHANGER
The ZEDfabric Wind Cowl that is used in the project, is a passive heat recovery
ventilation system that works like an active ventilation system in that it has dedicated inlet
and outlet ducts and a heat recovery system, but instead of using electrical fans to drive the
air flow it uses the wind to create both positive pressure at the inlet and negative pressure at
the outlet ensuring necessary airflow (BedZed).
According to the producers, even in low wind conditions it will continue to produce
reasonable ventilation levels through stack effect. At an average windspeed of 4m/s in
London, depending on the external temperature, the flowrate of the windcowl is between 5086
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70 litres per second. The heat recovery system used is 70% efficient.
However, to ensure sufficient airflow at all times for the exhaust from bathrooms and
kitchens, installing a backup fan is considered for the barn project, assuming a 50% fan
power reduction due to the windcowl.
Ventilation ducts are proposed to be placed in the added envelope, since the ceiling height
in some areas of the barn is limited and also to allow more efficient air exchange with
displacement ventilation.

Figure 6: Ventilation ducts integrated in the new envelope of the building

NATURAL VENTILATION
In summer, only exhaust from bathrooms and kitchen would be operating, allowing air
supply through natural ventilation. The relatively small depth of the building allows for cross
ventilation, with single sided and stack ventilation opportunities throughout the building.
SIMIEN results showed that increased natural ventilation in warmest periods of the year
resulted in inside temperatures below 26ºC at all times, thus allowing to omit ventilation
cooling.
4.5 Daylighting strategies
Due to limited size of existing window openings and also the added wall thickness of 0.5
m due to insulation, the amount of daylight entering a room is decreased. Also for the new
walls the size of the windows is optimized to avoid heat loss through the envelope.
According to TEK-10 § 13-12. Lys, a mean daylight factor (DF) in a room for permanent
stay should be minimum 2% (TEK10). Other method to fulfill requirements is to show that
window area is at least 10% of the room's floor. To see if all spaces for permanent residence
(living rooms, kitchens, bedrooms etc.) in the refurbished barn building would comply with
the above mentioned requirement, a daylight simulation is performed for the worst case - a
relatively large room with single window which is less than 10% of the area of the room. To
improve the DF value, splaying of reveals is proposed and used in the project. Figure 7 shows
the results of a parametric study of different openings and its influence on the daylight factor.
The results were used in the design of the envelope.
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Figure 7: Results from daylight analysis that were used for the design of the envelope

4.6 Energy supply strategies
Three alternative scenarios are presented with different combinations of on-site energy
production with different targets and characteristics. The alternatives are compared in terms
of delivered energy, CO2 emissions and relative simplicity of installation/connections of the
system. Emission factors are used as follows: 395 g/kWh for electricity, 231 g/kWh for
district heating, 14 g/kWh for biomass.
Table 2 : Summary of analysed cases
Case

Short name

Description of energy supply system

CASE 0

Base case

District heating and grid electricity

CASE 1

Minmalist

District heating and PV electricity (in addition to grid)

CASE 2

On-site

District heating and PVT heat and electricity (in addition to grid)

CASE 3

Zero emissions from
operation

Micro CHP and PV (balanced with grid)

4.7 Use strategies
Comparing emissions from operation for supply scenarios and embodied emissions
None of the three scenarios for energy supply show obvious advantages over the others in
all aspects shown in Fig. 8. While the "zero emission" level of Case 3 seems to be preferable,
the delivered energy is actually higher than in both other cases and linked to offsite fuel
supply for the combined heat and power system (CHP).
Minimal system approach as in Case 1 - only using photovoltaic system (PV) shows a
decrease in emissions of 32 % over the base case and 25% decrease in delivered energy.
Using the same surface area for a combined photovoltaic and solar thermal system (PVT)
results in a 46% decrease in emissions and further reduction in delivered energy, but involves
balancing the heat production with district heating network or on neighborhood scale.
While the base case would be awarded B label for specific delivered energy of 68
kWh/m2, all three scenario cases would reach A label for delivered energy (< 64 kWh/m2),
but to a different degree. Case 1 and Case 3 with specific delivered energy of 50 and 52
kWh/m2 represent 20% lower value than the A label. Specific delivered energy for Case 2 is
34 kWh/m2, which is 47% lower than A label.
Accounted emissions over the lifetime of the building resulted in a decrease in emission
values by 66-69% for the Base case, Case 1 and Case 2, which all benefited from the lower
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values for electricity and district heating emission factors.
Case 3, however, shows an increase in emission levels. This is due to the large proportion
of emissions from biomass for CHP which remained unchanged. These emissions could no
longer be offset with the small amount of surplus electricity with a lower lifetime emission
factor. Thus Case 3 would no longer reach the level of "zero emission from operation". To
reach this level a higher electricity production would be necessary.
When operation energy emissions are calculated with lifetime adjusted emission factors,
the fraction of material emissions increases significantly. With lifetime adjusted energy
emission factors the materials would constitute 30%.

Figure 8: Delivered energy and related emissions (current and lifetime adapted) for the three energy supply
scenarios, energy labels for 2072 kg of CO2eq delivered energy shown on the delivered energy bars

Figure 9: Emission levels of the barn for the supply scenarios using emission factors adjusted over the
lifetime of the building

Figure 9 shows the results for lifetime emissions. Although case 3 does not reach the "zero
emission from operation level" over the lifetime of the building, the emissions from operation
account for only 3% of total emissions - 97% are linked to embodied emissions. For all other
supply scenarios the emissions from operation are larger than those from the new materials
used in conversion of the barn , although embodied emissions represent a significant fraction
(30-40%) for Cases 1 and 2. No technical systems (like PV or PVT) have been included in
the embodied emission accounting, which could further increase the fraction of embodied
emissions.
Concluding, case 3 (PV and CHP) proves to have the lowest emissions although not
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reaching zero emission from operation over the lifetime of the building. Cases 1 and 2, on the
other hand, allow for more self-sufficiency on site and lower delivered energy. Other
considerations like costs and complexity of installation can also play an important role.
The resulting emissions levels for both operation and embodied materials are very
sensitive to input values and could lead to different conclusions if the boundary conditions
would be changed - e.g. to include transport (both for transporting fuel for CHP and
construction materials). For conclusive results, a more detailed accounting should be
performed.
5 CONCLUSIONS
As called by a representative of the local heritage authority, the barn is the "king of the
area". This design project attempts to justify the possibility of reusing a large fraction of the
old structures and materials while ensuring proper functioning of the building with a changed
use.
According to a crude embodied emissions accounting, reuse of the existing building
elements would lead to a "saving" of one third of the emissions linked to the transformation
of the barn.
The existing structures would also account for half of the weight of the materials - due to
the extensive use of concrete in some parts of building.
Designing for reuse of the old wooden structures proved demanding, but eventually
rewarding, since they contribute to the feeling of "living in a barn" by exposing the historical
layers of the building.
Due to energy saving considerations, the insulating envelope was added from the outside,
in some cases also removing the existing concrete slabs to ground to ensure minimal heat
loss. Energy performance calculations showed that passive house standard can be reached for
the transformed building with optimized window area and well-insulating envelope.
In order to minimize the energy demand even further, systems like hot water heat recovery
and hybrid ventilation was used. These measures helped to reduce the energy demand by
21%.
Lastly three energy supply options were evaluated for the building with regard to their
delivered energy, current emission levels and emissions over lifetime. Although all three
supply options would lead to an A label for delivered energy, they do so with different levels
of delivered energy and related emissions. None of the options showed best results in all
aspects, but using PVT technology would lead to lowest delivered energy, while using PV
and CHP would lead to lowest emissions.
The design of the barn into a building with new functions and demands required the
involvement of the building owners / users. This was done in frequent workshops where
representatives of Camphill had the opportunity to give valuable input on size, location,
functional distribution of the room programme. This was discussed in relation to costs and
environmental impacts and thus building upon a sustainable framework that should be
embedded in all refurbishment / transformation projects.
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Abstract. Powerhouse #1 is planned to become the first and northernmost energy-positive office
building. An alliance of companies within the Norwegian construction industry has been established
to reach this ambition. Partnering has been suggested as a means to improve performance in general
within the construction industry. Studies reveal that the industry is yet to yield the positive effects that
have occurred in other industries. Strategic alliances such as Powerhouse are an exception within
Norwegian construction industry. The paper analyses the case of Powerhouse #1 regarding
collaborative working and experienced effects to the energy performance of the project. The material
consists of interviews with participants in workshops during concept phase of the project, in addition
to written and oral presentations. Our findings indicate that Powerhouse are aiming to combine longterm and project business objectives. Industrial Energy Design methodology has resulted in an energy
concept for a building with outstanding energy performance. During the process shared
understanding and respect has developed between the participants. If the project is able to realize the
ambition on commercial conditions it will represent a turning point regarding energy efficient
construction.
KEYWORDS: energy-positive building, partnering, construction industry, collaboration
1 INTRODUCTION
There is a global challenge to reduce energy consumption in man built environments, and
the construction industry is expected to improve energy efficiency. However there is a
concern over general under-performance in the industry and analyses indicate that
improvements are slow. In this situation there are a few construction projects with
outstanding aspirations regarding energy performance. In Norway for the time being
Powerhouse #1 is the most extreme, with ambitions to be a net energy producer.
1.1 The project background
In 2010 the Norwegian non-governmental organization ZERO hosted a national
conference on reduction of greenhouse gas emissions. The conference was addressing
challenges and opportunities for the construction industry and gathered representatives from
leading companies within the value chain in addition to politicians, regulation authorities and
universities. ZERO especially challenged the industry on how to build energy-producing
buildings in the near future. More than one of the speakers argued that this ambition is
possible to reach in Norway within the near future. One of the participating companies,
Hydro, suggested to establish an alliance to explore how such a building can become reality,
and from this stage invited partners to join in. This was the starting point for the Powerhouse
alliance.
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Industrial partners establishing an alliance for a construction project is an exception to the
traditionally fragmented practise within the industry. The Powerhouse #1 is a project of
special interest due to the combination of business collaboration and high energy ambitions.
1.2 Literature review
The work method of the first project of the alliance, Powerhouse #1, differs from the
traditional process within the industry. Usually work tasks are performed separately by each
specialist. Since the tradition of serial working within the value chain is identified as a major
hindrance for improvement of environmental performance within the construction industry
(Egan, 2002, Bishop et al, 2009, Norwegian Government, 2004), the working method of
Powerhouse is of strategically interest for improving performance within the industry in
general.
The Construction Industry Institute’s definition of partnership can be said to cover the
main aspects of industrial collaboration in general, namely to best achieve the business
objectives of all parties involved (CII, 1991). There are two distinct types of collaborative
relations. One is the strategic, long-term commitment. The purpose is to achieve specific
business objectives by maximizing the effectiveness of each participant’s resources. The
other is the project specific commitment, with the purpose to achieve specific project
objectives.
Within international construction industry partnering has got special attention and has
been gradually developed and tested in practice. A literature review reveals a tendency to
focus on project partnering (Bygballe et al, 2010). The relationships are found mainly to
include clients and main contractors, while sub-contractors and suppliers rarely are included
(Dainty et al, 2001, Miller et al, 2002). These findings are among the explanations for the
limited effects of collaborative work experienced so far within the construction industry
(Winch, 2000).
Studies also reveal that tools and techniques to design relationships are emphasized at the
expense of the social aspects, such as development of shared understanding and trust for the
benefit of improving construction (Bygballe et al, 2010). According to Bresnen and Marchall
(2002) this can be characterized as an engineering approach to relation development.
Engineering processes focus on formal and systematic tools and techniques, including
contracts and financial incentive systems, dispute resolution procedures and use of workshops
and facilitators for teambuilding. The alternative according to Bresnen and Marchall are
evolutionary processes, which focus on the dynamic, social and informal aspects of
collaboration, including the acknowledgement of the complexities of relations between
individuals and organizations with varying structural and cultural backgrounds.
Collaborative work forms are found to be of special interest in complex projects, in
international projects and for innovative purposes (Aarseth, 2012). Research and
development on project management within the construction industry has led to a number of
methodologies for these purposes. Of special relevance for our case study is Integrated
Energy Design (IED). The method focus especially on the design process, and emphasize
multi-disciplinary teams, participants skilled and motivated in energy issues, use of
workshops and facilitating close cooperation between architect, engineers and relevant
experts through the process (KS architects, 2009). The purpose of IED is to obtain a high
level of integration and synergy of systems to reach very low energy use over the whole life
cycle of the building. The idea is that the best gains of performance are achieved from the
beginning of the project. Therefore the design process requires a high level of general skills
and of communication within the team (KS Architects, 2009, Andresen, 2012).
The case study presented in this paper will explore what characteristics from the literature
that can be recognised in Powerhouse #1.
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1.3 Purpose
This paper analyse the first Powerhouse project, Powerhouse #1. Focus is on the
partnership and the collaborative work methods being used during the concept stage in order
to reach the energy ambition.
The purpose is to explore partly what collaborative work methods that are being used. And
partly what implications the partnership has had for the development of the building concept.
2 MATERIALS AND METHODS
This case project is selected due to its strategic interest. Compared to other construction
projects the energy ambitions are outstanding. Related to case study theory the Powerhouse
project can be considered a “critical case” (Flyvbjerg, 2004) based on the following
argument: If collaborative work models are found to benefit the result of this project, then
such working models can be beneficial to improve energy performance also in other
construction projects.
Data is provided partly via interviews with participating informants, and partly from
written and oral presentations.
Interviews with nine representatives at the workshops were carried out on behalf of the
ZEB program. Each interview was performed according to an interview guide prepared
specifically for the purpose. They were performed in face to face meetings, by telephone or
via Skype and lasted about one hour. Interviews were carried out during a three month period
after the Design concept report were completed in June 2012.
Oral and written presentations have been given by various alliance partners during 2012.
A concept report on Powerhouse #1 is published by architects (Snøhetta, 2012), and has been
available for this analysis. Also articles in newspapers and industrial magazines are analysed.
3 PRESENTATION OF THE CASE PROJECT
3.1 The alliance
The Powerhouse alliance consists of developers Entra Eiendom, construction group
Skanska, architects Snøhetta, environmental group ZERO and aluminium company Hydro
Powerhouse, 2012).
The Powerhouse alliance is part of a shared strategy to improve use of energy efficient and
energy producing solutions in construction projects. The Powerhouse projects intend to renew
the way of working in construction projects and also to be innovative regarding technological
solutions and visual design.
During the process of developing the concept for Powerhouse #1 additional stakeholders
have been involved. Among these are scientists within the Research Centre on Zero Emission
Buildings (ZEB), which draws upon the expertise at the Norwegian University of Science and
Technology (NTNU), SINTEF and their national and international associates. Also Siemens
and Multiconsult have contributed with experts on automation and photovoltaic (PV) energy
production, respectively.
3.2 The ambition
The Powerhouse alliance aims to prove by an example that it is possible to build energypositive buildings in Norway. The ambition is to build Norway’s first energy-positive
commercial building, Powerhouse #1. The chosen location is Trondheim, north of 62nd
latitude, implies that it will also be the world’s northern-most building of its kind.
The building shall be energy-positive over its total life time. By this it is meant that it has
94

Torill Meistad

to generate more renewable energy over the operational life than is required by the
manufacturing of all materials, the erection, operation and disposal of the building.
Calculations are based upon expected operational life time of 60 years. Produced energy is
required to be of equally high quality as consumed energy. This in effect implies that the
building must produce electricity, not only heat or other types of energy, at a quantity larger
than its own consumption. And production of electricity must be on the building itself.
In addition, the project shall be economically sustainable, implying to be realized at
commercial conditions. Potential tenders are enterprises with a focus on energy and the
natural environment.
The alliance plans to build more than one energy-positive building. Already while
Powerhouse #1 is at the concept stage, the construction work of Powerhouse #2, - a
refurbishment project further south in Norway - has started.
3.3 The concept
The building is prepared mainly for offices, approximately 750 workstations over 10
floors. In addition it will include public space on ground floor, meant for cultural activities,
and parking space at the basement floor.
To reach a positive net energy production, the building combines a set of measurements:
Energy efficient building shape, demand control, hybrid ventilation, optimized daylight, sea
water heat exchange, local photovoltaic production of electricity and reduction in embodied
energy in building materials. The building is planned according to passive house standard and
to reach the BREEAM category “outstanding”.
The extensive use of solar energy is the most innovative element in Powerhouse #1. To
create ideal conditions for photovoltaic electricity production, the building has got a shape
where the roof is made out of one surface facing south and with an ideal gradient of the slope.
Instead of the traditional cubic shape of office buildings Powerhouse #1 consists of inclined
planes with its volume stretched in height. An elliptical outdoor room admits daylight into the
building (See figure 1 and 2). To summarize the non-conventional design Powerhouse use the
slogan “Design follows environment”.
The concept for Powerhouse #1 is reflected in sustainability in a broad sense. It aims to be
climate neutral in a life cycle perspective. The building will produce local and renewable
energy. It also intends to be energy producing in the sense that it provides added activity and
creativity for people who will be working in and visiting the facilities.

Figure 1: Powerhouse #1 concept project with integrated photovoltaic energy production (Illustration: Snøhetta /
MIR)
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Figure 2: Powerhouse #1 concept project at the location at Brattøra (Illustration: Hydro)

3.4 The work methods
The Powerhouse alliance has made extraordinary efforts for collaboration during the
process of developing Powerhouse #1. This includes interdisciplinary work methods during
concept stage, and also cooperation with local authorities and neighbour enterprises regarding
development of the Brattøra area.
The Powerhouse #1 concept has been developed during serial workshops with a process
leader (facilitator). Up to fifty persons have contributed with theories and experience,
suggestions and questions in an open and multi-professional dialogue. In this early process
the combination of key competence has been emphasized. Participants as well as project
leader are reporting that the workshops has been necessary to handle the complexity of the
task, namely to consider all energy implications of the construction.
Collaboration with the local authorities has been according to traditional role models.
There is a local zoning plan for the Brattøra area, which regulates the building plot for
industrial activities and sets physical limitations for the buildings. For the time being there
are on-going negotiations regarding the height of the planned Powerhouse #1 which exceeds
the height restrictions.
Very low or zero energy buildings require that energy supply, thermal storage and day
lighting systems, are viewed in integration with the architectural design. Cooperation
between the client, architects and the various specialized engineers early in the design phases
offer opportunities for large impacts on performance to the lowest cost and disruption
(Andresen 2012).
4 FINDINGS
The case study reveals that collaborative working has been crucial for the development of
Powerhouse #1. The powerhouse alliance chose to establish a multi-disciplinary team to
develop the building concept, and used workshops to explore alternative solutions for the
ambition of an energy-producing office building at Brattøra in Trondheim. Six findings will
be presented here.
4.1 Developing shared understanding
During the concept phase members of the project team have developed a shared
understanding of the task. Workshop participants and the project leader report that this is
unique for the chosen work method, and would not have been achieved with traditional work
methods. The shared understanding has been developed through exchange of knowledge and
ideas within the team. Participants report to have learned how professionals within other
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disciplines reflect. The team members have improved mutual respect for the needs and
expertise of other professions, implying that traditional boundaries between disciplines were
demounted. The mutual understanding and respect have proven crucial for the positive
outcome of the challenging concept discussions.
Workshop as a collaborative work method has been a new experience to most participants.
Especially for the engineers close collaboration with the architects has been a challenge and
inspired to explore innovative concepts and new combinations of solutions.
In fact, members of the project team report how their basic idea of an office building has
been challenged during the process. The energy ambition has forced the project team to
handle a set of very differing comprehensions of energy. One of them is the idea of a building
as a power station. Another is the idea that a building should provide creative energy to the
people using them. In addition there is the vision of buildings as part of a circular flow of
ecological energy.
4.2 Exploring optional solutions
The workshop model has proved valuable for presenting alternative energy solutions. The
various theoretical possibilities were tested through exchange of questions and arguments
among the participants at the workshops. Photovoltaic energy production was compared to
wind energy and heat pumps, and a broad spectre of building designs and materials were
explored regarding energy performance.
Shared understanding of the task and mutual respect for each other’s expertise has also
been vital for the necessary decision making. During the workshops, as alternatives were
discussed and one solution stood out to give the best performance, there was a consensus
decision on the chosen solution.
Participants experience that close cooperation has affected the project concept positively.
The process has exposed the complexity of the project and in particular how decisions are
intertwined.
4.3 Intensifying energy ambitions
One of the underlying discussions in the workshops has been on how to operationalize the
ambition of “an energy-positive building”. Together the team has specified to include
embodied energy in the energy accounting, and to include a greenhouse gas emission account
for the total life time. These two criteria are set in accordance to requirements of the ZEB
research centre.
Further there was a discussion on quality of the energy. The project team agreed that
electricity is of higher quality than heat. Implication of this is that the overall energy
accounting cannot be fulfilled by exporting heat and importing electricity. The team also
discussed where the energy can be produced. To ensure that the building in itself is energypositive, the team specified that production of electricity shall be physically located on the
construction.
All in all, the criteria specified by the project team have raised the energy ambitions for
the project. The alliance has thereby created a definition of plus buildings, different from
existing buildings in other parts of Europe, without succumbing to the temptation of reducing
the ambition due to localization of the project.
4.4 Early involvement of contractors
Previously ambitious construction projects have faced the challenge of finding
experienced and willing entrepreneurs and sub-contractors. Implications have been that parts
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of the concept were left later on during the process. Either in negotiations with the
entrepreneur or due to materials not fulfilling the specifications. Or that the project has
incurred extra costs due to lack of experience. The Powerhouse alliance already includes a
construction group and a supplier of energy producing building surfaces. If these partners
continue the collaboration during the next project stages, the shared understanding that has
been developed during the concept stage may ensure successful completion of the project.
4.5 Commercial success?
Powerhouse #1 is to be built within commercial conditions and restrictions. In contrast to
traditional project planning this part of the ambition has so far gained little attention
According to the project group this is done by purpose, to be able to focus on the energy
ambition. The intention of the alliance is to consider the costs of alternatives in the coming
design stage, and also to upkeep the energy qualities. However, this may prove to be more
conflicting than at the previous project stage.
Traditionally, entrepreneurs will calculate additional costs for risk implied by new
building concepts. However, after being part of the concept development an entrepreneur
within the Powerhouse alliance can be expected to minimize the extra risk cost.
All in all, there is uncertainty regarding the market value for energy-positive office
facilities. The prestige of being the first and northernmost building of its kind might turn out
to become the conclusive aspect when the final decision has to be made with respect to
actually build Powerhouse #1 at Brattøra or not.
4.6 Socially acceptable?
Environmental sustainability is the major aspect of Powerhouse #1, as illustrated in the
project slogan. However, after the energy concept has been developed the next challenge is to
meet the criteria of social sustainability, both regarding formal regulations and acceptance
among the public in general.
The design of Powerhouse #1 is developed to optimize the production of electricity via
photovoltaic systems on the roof and surface of the building. To reach the office area criteria
for the project the total volume is erected to a shape that can be associated with ancient
pyramids. As a result the height of the building exceeds the limitations in the regulations for
the Brattøra area. This experience raises the question if traditional regulation plans take
considerations for environmental innovative constructions. To find a solution for how to
combine regulation criteria with innovative design is crucial for this project to be realized.
Dialogue with the public has proved more challenging than expected. The innovative
design is a contrast to building traditions in Trondheim, and has triggered loud arguments in
regional media. The impression is that even to people who appreciate the idea of
environmental friendly constructions, the design of Powerhouse #1 is highly challenging.
The Powerhouse alliance organized a working group for community contact. However,
this group has not been active so far. How the challenges of social acceptance are solved is
another conclusive aspect regarding realization of Powerhouse #1.
5 DISCUSSION
Our analysis reveals that Powerhouse #1 to a high degree is in accordance with the
definition of partnership suggested by the Construction Industry Institute (CCI, 1991). First
of all it is both a strategic and a project partnership. The alliance was first established for
strategically purposes, and has developed from one project to the next. Secondly the results
so far indicate that the partnership has succeeded in achieving both business and project
objectives due to shared contributions of the partners involved. The Powerhouse #1 concept
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and the refurbishment project Powerhouse #2 are both intended to break records regarding
energy performance among Norwegian buildings. These characteristics make the Powerhouse
alliance an exception within Norwegian construction industry today. The strategic partnership
have similarities with other industries, e g the petroleum industry, where partnering has been
crucial for stimulating performance gains and innovation (Barlow, 2000). Our material gives
no explanation to why the alliance partners have chosen this untraditional strategy, and
further studies are needed to explore this issue.
The findings indicate that Powerhouse #1 has been able to combine an engineering
approach to partnering with an evolutionary process (Bresnen & Marshall, 2002). There exist
a contract formalizing the alliance, stating the ambitions and conditions for when a project is
considered part of the strategic alliance. Similarly for each project there are partnering
contracts formalizing ambitions and financial aspects among others. Workshops and process
facilitation is used as suggested by the Integrated Energy Design methodology. According to
Bresnen and Marshall these methods are considered part of an engineering approach to
partnership. However our informants are enthusiastic about the relational experiences that
have come as results of the process. The shared understanding and mutual trust that has
developed within the team is considered as valuable for the final result as the energy and
design concept. However the process has been challenging. Informants report that they have
had times when they could not see the relevance or participating in discussions that were
outside their own area of expertise. Consensus decisions during workshops were a new
experience for the participants, and as distinct from strong traditions within all partner
organizations. However, to develop a shared understanding of the complexity of the energy
issue is reported to be a key success factor to conclude on a concept for the energy positive
office building at Brattøra. Again Powerhouse is found to differ from the majority of
partnership projects within the construction industry, which invites for further studies.
The IED methodology emphasizes to establish multi-disciplinary teams from the start of
the project. While partnering theory emphasize involving the whole value chain in partnering
relationships. Powerhouse #1 has managed to combine this. Partly by including a contractor,
an architect, a property developer and one key supplier in the alliance. And partly by inviting
external participants to participate in the workshops. According to the literature these are
characteristics that might contribute to Powerhouse achieving full benefit from partnering.
The definite success criteria for a partnership among industrial enterprises is whether the
business objectives are achieved. For the time being Powerhouse #1 stands on hold, while
Powerhouse #2 is already in construction stage. This might indicate that the concept
developed during the project #1 is considered as a business success worth using in the
refurbishment project, project #2. Documenting the commercial success will be the final test
for Powerhouse. Making the Powerhouse projects into reality, and prove economic and
environmental sustainability might be the turning point for the Norwegian construction
industry, both regarding energy performance and partnering.
6 CONCLUSIONS
As a conclusion the concept project of Powerhouse #1 is found to be an illustrative
example on the relevance of collaboration in early planning of constructions with high energy
ambitions.
Collaborative working methods being used are multi-professional teams and workshops
during early planning stage. Also other means of Integrated Energy Design are recognised in
this case project. Establishing the alliance of industrial partners is the method used at the
strategic level. The methods represent an extensive form of collaboration.
Major effect of this partnership is a concept for an energy positive office building at a
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location north of 62th latitude. Workshops have proved to be a creative and efficient work
method to solve the challenges of complex integrated design. The multi-professional team
has developed a consensus on the final concept project for Powerhouse #1.
This case study illuminates the relevance of partnering and collaborative working methods
for developing the energy design concept of Powerhouse. For the time being this case is an
exception within Norwegian construction industry. Powerhouse already represents a turning
point regarding energy efficient construction at northerly latitudes, which would not happen
without partnering.
Whilst our study is limited to a one case study, it appears hardly conceivably to arrive at
the high energy performance obtained in this project without some kind of collaboration or
industrial partnership.
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Abstract. Nanotechnology based wood treatments have been developed to improve the performance
of wood applied as a building material. Although unique properties of nanoparticles used in the
treatments are able to pave the way for new economic developments, recently there are increasing
concerns on the potential impact of nanoparticles which can put the sustainability of the technology
into question. Life cycle assessment (LCA) is one of the potential tools used for identification of
impact or possibility of shifting the negative impacts outside the impact category. In this work, LCA
was performed to identify the environmental impact related to spruce wood specimens coated with
water based acrylic paint modified with TiO2 nanoparticles (SWBPNT) compared with spruce coated
with water based acrylic paint (SWBP). The study was performed by combining environmental data,
environmental product declaration (EPD) and ecolabel inventory data, with durability test results
analyzed by Fourier transform infrared (FTIR) analysis. The production, construction, use and
maintenance and demolition life cycle stages were included in the LCA study. In the use and
maintenance phase, the maintenance interval was estimated by running accelerated ageing tests and
analyzing the rate of ageing qualitatively and quantitatively using FTIR analysis. The five impact
categories global warming, human toxicity, photochemical oxidation, acidification and
eutrophication were quantified. The results from the environmental impact analysis show higher
impact from the raw material production followed by the use and maintenance phase. The FTIR
analysis shows that the presence of TiO2 affects the durability of SWBPNT as if the maintenance
interval was elongated compared to SWBP. The LCA results indicate a slightly lowered total
environmental burden of SWBPNT compared to SWBP.

KEYWORDS: Accelerated ageing, LCA, FTIR, Nanoparticles, Paint, Durability
1 INTRODUCTION
Buildings play a major role in the consumption of the total available energy, hence
contribute a lot in natural resource consumption and emission of various hazardous gases
which can affect human health and the environment (Hu et al., 2013). Choosing the
appropriate building materials may help to meet the rapidly growing need for buildings in an
environmentally responsible way. Wood has been playing an important role in sustainable
design mainly because it is a renewable material, relatively cheap and has lower
environmental foot print.
However, wood used in buildings is disposed to degradation if left untreated. Wood
treatments, which help to extend the service life of the wood, have been modified through
time based on the required durability and environmental performances. Recently, the
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utilization of nanotechnology based wood treatments is increasing. This is because of the
great potential of nanoparticles derived from their small size and high surface area to improve
multiple wood properties or introducing new ones with a very small percentage (Cristea et al.,
2010; Fufa & Hovde, 2010). These can have both economic and environmental benefits by
reducing the amount of material and energy consumption and waste generation.
The vast benefits and growing popularity of nanomaterials that focuses only on the novel
properties, may have adverse negative impact on human health and the environment
(Beaudrie & Kandlikar, 2011). In order to improve the potential impact of nanomaterials,
considering the complete compound or material life cycle assessment is essential (Wang et
al., 2013). LCA supports the identification of the potential effect of nanomaterials released to
different compartments during their overall life cycle, as well as the possibility of problem
shifting to outside the system boundary. Although LCA is used as a tool for assessing the
environmental impact of the treated wood (Ashjari et al., 2010; Bolin & Smith, 2010b;
Strömberg, 2004); the lack of knowledge, data, regulation and uncertainty in the applicability
of existing LCA models makes it difficult to investigate the impact of nano treated wood.
Durability is one of the main factors, like the material and energy flows, which is used to
evaluate buildings, for arranging proper maintenance and for running life cycle analysis.
Since the wood used in exterior claddings is exposed to different climate conditions, it
requires periodic maintenance, which may result in increased maintenance costs and
significant emissions. The long term durability against the climate strain is assessed using
either long term outdoor climate exposure or by performing appropriate accelerated
laboratory climate ageing (Jelle, 2012). Therefore, the life cycle inventory (LCI) inputs and
outputs are sensitive to the life time and maintenance interval of the wood in use. LCA and
durability of newly developed materials will help to avoid a property compromise between
improving the durability of materials and the environmental impact.
Our work aims at investigating the environmental loads or benefits that could result from
the utilization of a small percentage of nano-TiO2 in existing acrylic water based paints with
regard to prolonging the service life of wood. The idea is to investigate the weathering
performance of nano-based treated wood from a durability and lifecycle point of view. The
main focus of this article is to present the method of applying FTIR durability analysis for use
in LCA evaluations.
2 METHODOLOGY
Environmental impact of Norway spruce (Picea abies) coated with acrylic water based
paint modified with TiO2 nanoparticles (SWBPNT) was compared with wood coated with
acrylic water based paint (SWBP). The TiO2 nanoparticle used was waterborne pre-dispersed
rutile type; Hombitec RM 402 with a particle size of 10 nm, obtained from Sachtleben
Chemie Germany. TiO2 nanoparticles were selected to reduce the speed of the
photodegradation processes due to their claimed ability to block harmful portions of the solar
radiation. The durability of treated wood specimens was investigated by exposing specimens
to accelerated laboratory climate ageing tests. FTIR analysis of specimens was performed
before, during and after ageing in order to determine the rate of degradation and estimate the
maintenance interval. The potential environmental impact of SWBPNT was analyzed in
comparison with SWBP using LCA as a tool. The maintenance interval estimated from the
accelerated ageing test was used as input parameter in the life cycle assessment. FTIR
analysis was utilized as an important tool to estimate the effective maintenance interval.
3 LIFE CYCLE ASSESSMENT
The LCA study was performed according to the methodology defined by ISO 14040 series
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(ISO14040, 2006; ISO14044, 2006) typically including three major components; Goal and
scope definition, Life cycle inventory and Life cycle impact assessment.
3.1 Goal and scope definition
The goal of this study was to assess the environmental performance of the utilization of
nano-based wood treatments, taking the influence of durability under consideration. The
functional unit of the study was selected to be 0.01 square meter of coated exterior wooden
cladding with a reference life span of 50 years. Figure 1 shows the system boundary of the
product including extraction and production of raw material, production, building site, use
and maintenance and demolition life cycle stages.

Figure 1: Life cycle flow diagram

The study analyses the components of the building (exterior claddings) rather than the
whole building. The cladding was finished with one coat of primer in the production stage
and two coats of the paint on the building site. Wood and paint manufacturing and their
transportation to the production site are included in the raw material stage. Wood coating and
transportation of the finished product to the construction phase are processes that take place
in the production stage. The building site process describes building processes occurring at
the construction site, while the maintenance interval through a 50 years lifetime was
estimated from accelerated ageing test result using a FTIR analysis as presented in chapter
4.2 below and grouped under the use and maintenance stage.
3.2 Life cycle inventory
The inventory analysis phase of LCA involves the collection and analysis of raw material
and energy inputs; products, co-products and waste outputs; and emissions to the
environment for each stage of the product life cycle. Inventory data were collected from
Norwegian coated wooden cladding environmental product declaration (EPD) (EPD-Norge,
2010) and ecolabel data (EU-Ecolabel, 2008). The potential environmental burden caused by
SWBP was assessed based on the coated wooden claddings EPD, while for SWBPNT a
combination of the coated wooden claddings EPD and TiO2 nanoparticle ecolabel data were
used. The detailed inventory data for background information was collected from the
Ecoinvent LCA database (EcoInvent, 2007) and the simulation was performed using Simapro
software (PRe, 2010).
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3.3 Life cycle impact assessment
Life cycle impact assessment (LCIA) involves the interpretation of the relative magnitude
of contribution of the environmental emissions identified in the LCI to the impact categories.
The SimaPro’s LCA version 7.3 software for the ReCiPe Midpoint and Endpoint impact
assessment methods from the Hierarchist (H) perspective (Goedkoop et al., 2009) was used to
analyze the following five impact categories: global warming, human toxicity, photochemical
oxidation, acidification and eutrophication.
4 MAINTENANCE INTERVAL ESTIMATION
4.1 Accelerated ageing
The weathering performance of the treated specimens was investigated by exposing
specimens to accelerated ageing test. An accelerated laboratory test is a process in which one
or more environmental agents are accelerated through more rapid repitition or an increase in
the dosage of the weathering agent. In this work, an Atlas SC600 MHG Solar Simulator
ageing test chamber, which simulates solar radiation and rain using a metal halide global
(MHG) lamp and water spray, respectively, was used. The test specimens were exposed to a
2500 W MHG lamp, with a solar radiation intensity of 1200 W/m2 and a total of 1 l/min
water spray from the two nozzles. The ageing test was performed with a 6 h cycle consisting
of 5 h of solar radiation at 63 oC and 50 % RH and 1 h water spray at 10 oC and 100 % RH.
The rate of degradation in the Atlas ageing test chamber was compared with actual
outdoor exposure using an acceleration factor, a number correlating the ageing time in Atlas
with actual natural outdoor ageing exposure, presented by Fufa et al.(Fufa et al., 2012). The
acceleration factor which was obtained by a simplified calculation based on input data from
an EOTA technical report (EOTA, 2004) and background information from the literature
(Meeker et al., 1998; R.P, 1995), was estimated to 260. That is, 1 day exposure in the Atlas
ageing apparatus at the given conditions is equivalent to a calculated value of 260 days of
actual outdoor exposure.
4.2 Fourier transform infrared analysis
The chemical changes occurring on the surface of the specimens, before, during and after
the ageing process, were analyzed using Fourier transform infrared (FTIR) spectroscopy. The
FTIR spectra were obtained by a Thermo Nicolet 8700 spectrometer equipped with an
attenuated total reflectance (ATR) Smart Orbit accessory applying a diamond crystal.
Infrared spectra were collected in the wave number range from 4000 cm-1 to 400 cm-1 at a
spectral resolution of 4 cm-1 with 32 scans.
Smaller wood specimens (chips) were put into contact with the sampling area through high
pressure clamping. In the FTIR analysis, good contact between the ATR diamond crystal and
the specimens determines the accuracy of quantitative measurements of the absorbance peak.
In order to avoid varying contact with the ATR crystal for different specimens, the FTIR
spectra were recorded at various locations on the same sample. The FTIR graphs with largest
absorbance peaks were chosen as they are normally assumed to be represent the most correct
measurements
The FTIR spectra of SWBP and SWBPNT are plotted on a logarithmic absorbance scale
in the wave number range between 1800 cm-1 to 800 cm-1, as shown in Figure 2.
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Figure 2: Absorbance spectra for specimens coated with water based paint SWBP (left) and SWBPNT (right)

Different spectra, specially at wave numbers at around 1722 cm-1, 1232 cm-1 and 1141 cm1
assigned to the bending or stretching vibrations of different groups, show the rate of
degradation up on exposure. In this work, the changes in absorbance around 1722 cm-1 were
used for estimating the time when significant changes occur in the coated wood specimens
(Figure 3). The peak in this region is mainly attributed to carbonyl C=O bonds of acrylic
coatings and the reduction of the peak may be due to the degradation of the coating by the
water and solar radiation exposure in the Atlas solar simulator.

Figure 3: Absorbance versus exposure time at wave number 1722 cm-1 for SWBP and SWBPNT.

In the absorbance graphs, we have set a change of 1/3 (approximately 33 %) in absorbance
at 1722 cm-1 as the limit for the maintenance to be carried out (Figure 3). Thus, SWBP passes
the limit value after about 20 days, while the SWBPNT absorbance reduction is larger than
33 % after about 32 days of exposure. Based on the estimated acceleration factor, 260, the
maintenance interval for SWBP was estimated to be 14 years, while that of SWBPNT was 23
years, i.e. a 64 % increase. This means that SWBP claddings are recoated every 14 years,
whereas a SWBPNT claddings recoating is every 23 years.
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5 RESULTS AND DISSCUSION
The complete LCA was performed for 18 impact categories of ReCiPe impact assessment
method. In this paper, the results of the five significant impact categories were presented. The
environmental impact of SWBP and SWBPNT life stages to freshwater eutrophication,
terrestrial acidification, photochemical oxidation formation, human toxicity and climate
change impact categories is presented in Figure 4 and Figure 5, respectively.
Raw material and the use phase of both SWBP and SWBPNT are responsible for most of
the impacts in all categories, with the raw material phase contributing the highest most. The
relatively higher impact of SWBPNT in the raw material stage may be due to the additional
impact from the TiO2 nanoparticles production. The impact of the TiO2 nanoparticles may
depend on many factors, including how the particles are produced and the type of chemical
used in the production.
On the other hand, the use of these TiO2 nanoparticles extends the maintenance interval of
SWBPNT and as a result the impact from the use phase of SWBPNT is relatively reduced
compared to SWBP. The use and maintenance life cycle stage is one of the most important
exposure stages of the nanoparticles to human and the environment. Reducing the frequency
of recoating the surface of the cladding may reduce the risk of exposure. The production and
dismantling phases have relatively lower impacts in both SWBP and SWBPNT, while the
impact from the building site can be due to the transportation used or the transportation
distance estimation.

Figure 4: Relative impact contribution of each life cycle stages of SWBP to impact categories.
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Figure 5: Relative impact contribution of each life cycle stages of SWBPNT to impact categories.

The relative comparison of the SWBP and SWBPNT contribution in the selected five
impact categories along with the overall impact is depicted in Figure 6.

Figure 6: Normalized contribution to the global warming potential (GWP), human toxicity potential (HTP),
photochemical oxidant formation potential (POFP), terrestrial acidification potential (TAP) and freshwater
eutrophication potential (FEP) for SWBP and SWBPNT and total environmental impact.

For both SWBP and SWBPNT, the impact to climate change and human toxicity impact
categories are the highest ones. The contribution to terrestrial acidification, freshwater
eutrophication and photochemical oxidant formation impact categories is relatively lower.
The relative higher load from climate change and human toxicity impact categories may be
due to leaching of the paint or the waste generated from the paint utilized during the use and
maintenance stages.
The overall environmental impact comparison between SWBP and SWBPNT was
performed by weighing the normalized data through endpoint indicators and expressing the
overall impact using a single score value. The results show a relatively lower total
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environmental impact of SWBPNT compared to SWBP. This may give an overview on the
potential positive environmental benefits from utilization of TiO2 which is mainly due to the
improved durability of SWBPNT by the nanoparticles. However, it is also important to note
that if the interest is not in reducing the maintenance interval and the cladding is recoated
more frequently, i.e. more often than the estimated maintenance interval in this work, the
impact of SWBPNT may be higher than SWBP.
6 CONCLUSIONS
This work gives a general overview on the methodology of combining available
environmental data with durability test results analyzed by Fourier transform infrared (FTIR)
spectroscopy when investigating the environmental impact of wood coated with nano-based
paint. FTIR analysis was hence utilized as an important tool to estimate the effective life time
of the treated wood exposed to a climate ageing test. The LCA results exhibited a slightly
lowered total environmental burden of wood specimens coated with water based acrylic
paints modified with TiO2 nanoparticles (SWBPNT) compared to wood specimens coated
with water based acrylic paint (SWBP), which may be due to the reduced maintenance
interval of SWBNT. However, the relative comparison of life cycle stages demonstrates a
larger impact of SWBPNT in the raw material stage, which may show the potential impact of
TiO2 nanoparticle use in the coatings. It should be noted that, if the interest is not to reduce
the maintenance interval, the impact of SWBPNT may be higher than SWBP. With respect to
the actual materials and values used, the dependency of this study based on the assumptions
taken to perform the analysis, should be taken into consideration before stating too strong
conclusions.
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Abstract. The role of accelerated climate ageing of building materials, components and structures in
the laboratory is investigated. The various building products have to fulfil many functional demands
during the lifetime of a building. Hence, it is important to require satisfactory durability of these
building products. However, experience shows that the building products too often do not satisfy the
different specified requirements after a relatively short period of use. That is, the expected service life
is considerably shorter than the foreseen one. The result is increased and large costs due to increased
maintenance, extensive replacements of the specific building products, any possible consequential
building damages and potential health hazards. As to avoid this in construction projects, the solution
is as early as possible in the design and engineering phase to request and apply building products
which have properly documented adequate and satisfactory long-term durability, i.e. building
products which have been subjected to appropriate accelerated climate ageing in the laboratory. This
study examines the main climate exposures and how these may be reproduced in the laboratory. Thus,
crucial properties of building products and their durability towards climate strains may be
investigated within a relatively short time frame compared with natural outdoor climate ageing.
Examples of miscellaneous climate ageing laboratory apparatuses, ageing methods and building
product properties to be tested before, during and after ageing are given. Furthermore, a simplified
yet versatile calculation method for estimating acceleration factors is also demonstrated.
KEYWORDS: Accelerated climate ageing, Building, Material, Laboratory
1 INTRODUCTION
Building products like building materials, building components and building assemblies
and structures, have to fulfil many functional demands during parts of or during the whole
lifetime of a building. Hence, these building products must possess a satisfactory durability
with respect to several properties. Unfortunately, the experience is that many building
products all too often do not satisfy the various requirements after a relatively short time of
use, resulting in large and increased costs caused by increased need of maintenance, extensive
replacements of the specific building products and any possible consequential building
damages. Furthermore, failure in the building products may also lead to increased health
hazards with respect to both health risks, i.e. the chance of a health hazard to occur, and health
consequence, i.e. the impact of the health hazard if it occurs. Thus, it is important to select
building products which have proven and properly documented adequate and satisfactory
long-term durability. Such a documentation is achieved either by already carried out
long-term natural outdoor climate exposure or by performing appropriate accelerated climate
ageing in the laboratory.
Various building products have different resistance and durability versus the miscellaneous
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climate exposure factors. It is important to choose robust and durable materials, or materials
with an appropriate protection, as material failure may cause failure in the building
components and in the worst case breakdown of the whole building construction. The
durability against the climate strains has therefore direct influence on both economical and
safety aspects throughout the lifetime of a building. Various strategies exist and are applied in
order to protect the materials from degradation, e.g. different paints, surface treatments and
impregnations for wooden products and ultraviolet stabilizers for polymers like polyethylene,
polypropylene and similar. Selected ageing examples of building materials, components and
structures are given by Jelle (2012).
When a decision to construct has been taken one can not wait for results from natural
weather ageing as the natural outdoor climate ageing processes often take very long time.
Thus, in order to obtain results sufficiently fast and within economical limits, the answer is
then to execute accelerated climate ageing tests which comprise various climate strains and
acceleration factors. Hence, one may avoid extensive building damages due to missing or too
low resistance towards climate exposures. Accelerated climate ageing will then pay off with
respect to both time, costs and reputation.
Hence, aspects related to accelerated climate ageing of building products should be
addressed as early as possible within a project organisation, e.g. during or even before the
design and engineering phase of a building project. The building sector specifically and the
society in general would gain considerably through such a pro-active management with
respect to economy, life-cycle assessment and sustainability, thus lowering the costs, reducing
the environmental impact and promoting sustainability in the construction industry. These
issues and evaluations are also crucial with regard to today’s development of new and
advanced materials and solutions for application in the building sector.
This study examines and presents the main climate exposures and how these may be
reproduced and applied in the laboratory in various ways. Thus, vital properties of building
products and their resistance and durability towards climate strains may be studied within a
relatively short time frame compared with long-term natural outdoor climate ageing. Selected
examples of different climate ageing laboratory apparatuses, ageing methods and building
product properties to be tested before, during and after ageing are given. A calculation method
for estimating acceleration factors is also discussed. That is, this study addresses durability of
building materials, components and structures and the versatile and powerful application of
accelerated climate ageing which so far has been an all too neglected or scarcely treated area
within the field of building technology, materials science and engineering.
2

CLIMATE EXPOSURE FACTORS

The climate strains the buildings are subjected to may be divided into the following climate
exposure factors: Solar radiation (i.e. ultraviolet (UV), visible (VIS) and near infrared (NIR)
radiation), ambient infrared (IR) heat radiation (the resulting elevated temperature increases
the rate of chemical degradation reactions, and also the rate of growth of rot and fungus up to
limiting temperatures), high and low temperatures, temperature changes/cycles (relative
temperature movements between different materials, number of freezing point passes during
freezing/thawing), water (e.g. moisture, relative air humidity, rain and wind-driven rain),
physical strains (e.g. snow loads), wind, erosion (also from above factors), pollutions (e.g.
gases and particles in air), microorganisms, oxygen, and time (determining the effect for all
the factors above to work).
Several and varying combinations of the climate exposure factors will occur, and the total
climate strain may be substantially larger than the added sum of the single exposure factors.
For further details about these climate exposure factors it is referred to the work by Jelle
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(2012). Note that although most people would consider the harsh and heavy precipitation
downfall in the right photo in Fig.1 as the hardest climate, that is not necessarily the case as
the strong solar radiation exposure depicted in the left photo in Fig.1 could lead to severe
building deterioration on the exterior building surface due to photodegradation and hence with
possible consequential damages. In principle, what should be considered as the most severe
climate, does then not only depend on the climate itself, but also on the actual building
product with its resistance and durability versus various climate exposure conditions.

Figure 1: Buildings are subjected exposed to large and changing climate strains throughout their lifetime. Photos:
Samfoto (left) and Scanpix (right) (Lisø and Kvande 2007).

In the laboratory one may in principle control all chosen climate exposure factors, which is
not possible in an outdoor environment, i.e. we do not control the natural weather.
Nevertheless, it should be noted that climate exposure in the laboratory does not cover all
exposures and their interactions which take place in a natural outdoor climate ageing with real
weather conditions. Therefore, care has to be taken when performing accelerated climate
ageing in laboratory, both with respect to the actual test procedures and the interpretation of
the results. An extensive survey report on accelerated laboratory test procedures has recently
been carried out by Daniotti and Cecconi (2010). More general literature concerning
photodegradation of polymers may be found in Kumar et al. (2009), Pospíšil et al. (2006),
Rånby and Rabek (1975) and Rabek (1995, 1996), whereas Evans (2009) gives a review of
the weathering and photostability of modified wood.
3

ACCELERATION FACTOR

As to estimate the required ageing time in a laboratory climate ageing apparatus, thus
relating the accelerated climate ageing to the desired service lifetime of the product, one may
calculate acceleration factors. In the following there is given a method based on the two
important parameters solar or ultraviolet (UV) radiation and elevated temperatures.
The higher UV intensity (W/m2) and total energy (kWh/m2) in the ageing apparatus, the
higher the acceleration factor for the climate ageing will be. The UV acceleration factor AFuv
may be calculated as directly proportional to the ratio between the total UV energy in the
laboratory ageing apparatus lab and the natural outdoor ageing nat for a given time period:
AFuv = lab / nat

(1)

The above Eq.1 is is valid as long as one may assume that all the UV radiation contributes
to initiate degradation reactions, in addition to an equal spectral distribution for artificial and
natural UV radiation, which naturally is never completely fulfilled.
The chemical degradation processes increase exponentially with increasing temperature
(Arrhenius equation). A temperature acceleration factor AFtemp may then be calculated as the
ratio between the reaction rate in the laboratory ageing apparatus klab and the natural outdoor
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ageing knat:
AFtemp  k lab / k nat

C lab e  E lab /( RTlab ) e  E lab /( RTlab )


C nat e  E nat /( RTnat ) e  E nat /( RTnat )

(2)

where Tlab and Tnat denote the temperature in laboratory ageing apparatus and the natural
outdoor ageing, respectively. R = 8.314 J/(Kmol) is the gas constant. It is here assumed that
the pre-exponential factor C is temperature independent which gives Clab  Cnat. Furthermore,
it is also assumed that the activiation energy E is temperature independent and set to
Elab = Enat = 70 kJ/mol, which value is applied in the graphical plots in Fig.2.
In a simplified model one may assume that the total acceleration factor AFtot equals the
product of AFuv and AFtemp:
AFtot = AFuv · AFtemp =

 lab e  E lab /( RTlab )

 nat e  E nat /( RTnat )

(3)

Accelerated Ageing Factor

which is visualized in Fig.2 where AFuv = 2 is chosen as an example. These calculations are
of course a strong simplification. The other climate factors as mentioned above, e.g. water,
will influence AFtot. The acceleration factor is strongly dependent upon the chosen reference
level, i.e. the natural outdoor ageing comparison exposure level, e.g. Tnat. When determining
the real AFtot one may strictly not base the calculations upon annual or daily values for nat
and Tnat (knat), but on the contrary rather perform calculations with short time intervals which
hence are integrated. It is important to note that a natural outdoor exposure time period at a
high temperature and an equal natural outdoor exposure time period at a low temperature will
result in a substantially higher reference temperature than the average temperature due to the
exponential increase in reaction rate with increasing temperature (Eq.2 and Fig.2).
Nevertheless, the simplified model may be applied for various mutual comparisons by
accelerated climate ageing in laboratory. One also has to compare the laboratory results with
outdoor tests in natural climate. Typical calculated values for AFtot are often ranging between
5 to 250. It should be noted that even if AFuv may be rather low (e.g. AFuv = 2 in Fig.2) and
AFtemp much higher, the influence of AFuv might still be large on AFtot due to the
multiplication as given in Eq.3, e.g. AFuv = 2 in Fig.2 actually doubles AFtot.
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Figure 2: Calculated UV, temperature and total acceleration factor vs. temperature from Eqs.1-3, respectively.

4 AGEING APPARATUSES AND METHODS
Various accelerated climate ageing apparatuses, which are subjecting test samples with
various climate exposures, are utilized in the laboratory according to different ageing methods
and standards. The building materials and components have to withstand these climate
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exposures in order to endure the naturally occuring climate strains, and thus be able to avoid
damages in prospective applications. A few of these ageing apparatuses and methods will be
mentioned within this context to illustrate their possibilities.
In Fig.3 there is shown accelerated climate ageing of wooden samples with various surface
treatments in a vertical climate simulator according to Nordtest Method NT Build 495 (2000),
including a principial drawing of the apparatus. In this test equipment the samples are
subjected in turns to four different climate zones, that is, one UV and IR irradiation zone
(black panel temperature of 63ºC), one water spray zone (15 dm3/(m2h)), one freezing zone
(-20ºC) and thawing in one indoor laboratory climate zone. Depending on the choice of type
of UV tubes, the UV intensity may be chosen at different levels, e.g. for one specific set of
UV tubes the UVA and UVB intensities are averaged to 15 W/m2 and 1.5 W/m2, respectively.
The exposure time is 1 hour in each climate zone in the above given sequence. For further
details it is referred to the test method (NT Build 495). Note that this specific vertical climate
simulator is a special non-commercial accelerated climate ageing apparatus fulfilling the
requirements of a specific ageing method (i.e. NT Build 495).
Water

UV+IR

-20ºC

Laboratory Climate

Figure 3: Accelerated climate ageing of wooden samples with various surface treatments in a vertical climate
simulator according to Nordtest Method NT Build 495 (2000) with a principial apparatus drawing to the left.

Another example of a special non-commercial accelerated climate ageing apparatus is
shown in Fig.4 (left), which is a combined horizontal UV, temperature and water spray ageing
apparatus, in this case shown in the open position with wooden samples inside. This
horizontal ageing apparatus is typically applied for testing of roofing products according to
EN 1297 (2004). A special-customized large-scale vertical building envelope climate
simulator is depicted in Fig.4 (right), consisting of a sample field between an outdoor and
indoor climate box, where the outdoor climate box includes exterior weather exposures like
solar radiation (MHG lamps), water spray and external wind-pressure (e.g. wind-driven rain),
and temperature control including freezing/thawing cycles.
Commercial climate ageing apparatuses like e.g. a QUV apparatus (UV tubes) Weathering
Tester Horizontal Option with Ponding and Water Spray (The Q-Panel Company, Cleveland,
Ohio, USA), an Atlas SC600 MHG Solar Simulator (metal halide global lamp) and an Atlas
Suntest XXL+ (xenon lamp) are shown in Fig.5. These apparatuses may be run according to
different test methods and standards.
The actual light source choice for the accelerated climate ageing tests may be crucial.
Different UV tubes with energy peaks shifted towards lower or higher wavelengths in the UV
region may be purchased and applied. Metal halide (MH) lamps simulate the solar spectrum at
the earth’s surface, with the global version (MHG) closest to the solar spectrum. Xenon lamps
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are reckoned as the lamps able to closest simulate the solar radiation at the earth’s surface. For
example, if a photovoltaic solar cell is subjected to accelerated climate ageing with
simultanously measurements of the solar cell characteristics (e.g. efficiency, open circuit
potential, short circuit current, maximum output power and fill factor), xenon or metal halide
global lamps have to be used, i.e. UV tubes can not be applied in such a case. For some
applications special filters are employed, e.g. in order to simulate solar radiation through
window glass panes.

Figure 4: Accelerated climate ageing of wooden samples in a combined horizontal UV, temperature and water
spray ageing apparatus (left) and a special-customized large-scale vertical building envelope climate simulator
consisting of a sample field between an outdoor and indoor climate box (right).

Figure 5: Three commercial accelerated climate ageing apparatuses with different light sources, i.e. QUV
apparatus (UV tubes), Atlas SC600 MHG Solar Simulator (metal halide global lamp) and Atlas Suntest XXL+
(xenon lamp) from left to right, respectively.

A lot of weathering andr accelerated climate ageing methods and standards exist, e.g.
ASTM G23-81 (1981), ASTM G24-87 (1987), ASTM G26-84 (1984), ASTM G53-84 (1984),
EN 927-3 (2000), EN 927-6 (2006), EN 1296 (2001), EN 1297 (2004), EN ISO 4628-1
(2003), EN ISO 4892-1 (2000), EN ISO 4892-2 (2006), EN ISO 4892-3 (2006), EOTA
(2004), NT Poly 161 (1993), NT Build 216 (1982), NT Build 228 (1992), NT Build 229
(1989) and NT Build 495 (2000); just to mention a few examples (see reference list for further
details). Pure heat or temperature accelerated ageing tests are also commonly carried out, e.g.
according to EN 1296 (2001). Furthermore, also note the earlier mentioned comprehensive
work by Daniotti and Cecconi (2010) on accelerated laboratory test procedures.
Accelerated ageing and photodegradation by UV lasers are also in use, e.g. in studies of
wood surfaces. The application of UV lasers may decrease the exposure time drastically, e.g.
from weeks and days to hours and minutes. In addition, when using UV lasers the wavelength
and hence the photon energy may be controlled very accurately during irradiation of the
samples. Hence, more exact information and correlations between the exposed material
samples with various chemical bond energies, solar radiation exposure conditions, and
photochemical and photodegradation pathways, may be acquired. One possible outcome of
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such studies may be various ways of protecting different materials against solar radiation.
Several authors have been applying UV lasers in various irradiation studies of wood and
polymer materials, e.g. Karlitschek et al. (1995), Pandey and Vuorinen (2008ab), Papp et al.
(2005) and Wochnowski et al. (2005).
5 EVALUATION BEFORE, DURING AND AFTER AGEING
Miscellaneous properties of the building materials and components should be tested and
evaluated before, during and after completed accelerated climate ageing. Specific
requirements are chosen for these properties in order to avoid building damages. Examples of
various properties to be evaluated according to specific criteria may be visual evaluation
(including use of light microscope and electron microscopes like e.g. scanning electron
microscope (SEM) and transmission electron microscope (TEM)), colour measurements (e.g.
colour coordinates L, a, b, E, yellowing E313, gloss 60°), various mechanical tests (e.g.
tensile strength, compression strength, shear strength, elongation, resistance towards impact),
adhesive strength (e.g. surface coatings and granulates to substrates), water tightness, water
vapour permeability, flexibility at low temperature, elemental analysis (often by energy
dispersive spectroscopy (EDS) (by x-ray) most commonly found in scanning electron
microscopes (SEMs)), transmittance, absorbance and reflectance (e.g. ultraviolet, visible and
near infrared (UV-VIS-NIR) spectrophotometry, Fourier transform infrared (FTIR)
spectroscopy, direct (specular) and diffuse reflected radiation (UV, VIS, NIR and IR), atomic
absorption spectroscopy (absorption of light by free atoms in gas state)), surface analysis (e.g.
various tools including some of the above mentioned ones, atomic force microscope (AFM),
x-ray photoelectron spectroscopy (XPS), fluorescence spectroscopy, Raman spectroscopy,
attenuated total reflectance (ATR) Fourier transform infrared (FTIR) spectroscopy), and
material characterization by FTIR analysis.
As an example, material characterization by Fourier transform infrared (FTIR) analysis
before, during and after an accelerated climate ageing may give information about both the
extent of the ageing and which degradation mechanisms and chemical reactions that are
taking place, see e.g. the studies by Anderson et al. (1991ab), Colom et al. (2003), Fufa et al.
(2012ab), Jelle and Nilsen (2011), Jelle et al. (2012c), Pandey and Pitman (2003), Pandey
(2005) and Rosu et al. (2010). This information may then be utilized to enhance the durability
and thus prevent building damages.
The development of a given property with time may be difficult or impossible to predict in
advance. Both large and small changes in properties may occur in the start, during and at the
end of the ageing time, and the development may follow different courses and curve shapes,
e.g. both linear and exponential, see various examples depicted in Fig.6. That is, if a property
is measured only before and after ageing, valuable information about the ageing resistance
might be lost. For example, if the measurements after ageing, corresponding to e.g. 20 years
of natural outdoor ageing, demonstrate that the material or component has failed, one does not
know if the product failed after only 2 years or if it in fact showed almost no degradation up
to 19 years, whereas thereafter it failed rapidly. The specific property, e.g. tensile strength,
will normally have requirements for a minimum (or maximum for some properties) value
during the expected service life, which in Fig.6 is depicted as a horizontal red failure level
line at 40 % as an example. Furthermore, depending on the required service life, it may also
be of great interest to know how well above the failure level a property is able to be
throughout the desired lifetime. Thus, it is concluded that in addition to measurements
performed before and after ageing, it may also be beneficial to carry out different tests during
the accelerated climate ageing.
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Figure 6: A graphical visualization of some examples of possible changes and development of properties during
an accelerated climate ageing, depicting various curve shapes including both linear and exponential courses. In
addition, a horizontal red failure level line at 40 % as an example is depicted.

6 AGEING OF NEW MATERIALS AND SOLUTIONS
New materials and solutions are being developed, some of them applying nanotechnology,
hence there arises a need to carry out extensive testing of their ability to withstand long-term
climate exposure with satisfactory durability of several crucial properties. These advances in
new materials and solutions will not represent a real progress in materials science unless a
satisfactory performance with respect to climate ageing durability has been demonstrated.
An example of such new materials and solutions is building integrated photovoltaics
(BIPV), where the developed solar cell materials and systems may beneficially be
implemented into the exterior climate screen envelope of a building, see Fig.7 (Solarcentury
2008). Thus, a BIPV system then has to fulfil the requirements of a building envelope in order
to deal with the different climate exposure factors, e.g. rain, air and wind tightness and
various building physical aspects like heat and moisture transport (Jelle et al. 2012b).
Furthermore, the various properties of the solar cell materials and systems have to be tested
before, during and after the accelerated climate ageing, e.g. solar cell efficiency, open circuit
potential, short circuit current, maximum output power, fill factor (FF), different mechanical
properties and any chemical changes.
The on-going development of new high performance thermal insulation materials and
solutions represent another group of building products which need to be tested with respect to
climate ageing and different building physical properties (e.g. moisture transport and the risk
of condensation) during their service life. The low thermal conductivity is a key property for
these materials. The high performance thermal insulation materials and solutions of today and
beyond tomorrow include vacuum insulation panels (VIP) (Fig.7), gas-filled panels (GFP),
aerogels, phase change materials (PCM), vacuum insulation materials (VIM), gas insulation
materials (GIM), nano insulation materials (NIM) and dynamic insulation materials (DIM)
(Baetens et al. 2010bcd, Baetens et al. 2011, Jelle et al. 2010, Jelle 2011, Sveipe et al. 2011,
Wegger et al. 2011).
Smart windows, e.g. electrochromic windows, represent yet another new building product
which need to withstand the various climate strains, see Fig.7 (SAGE Electrochromics 2009).
Electrochromic windows allow a dynamic control of daylight and solar energy in buildings
(Jelle and Hagen 1993, Lampert 1998, Jelle et al. 2007, Baetens et al. 2010a, Granqvist et al.
2010, Jelle et al. 2012a). Important properties to be evaluated before, during and after
accelerated climate ageing are visible solar transmittance modulation, solar transmittance
modulation, solar reflectance modulation, colouration efficiency, cycling lifetime, switching
time and memory effect among others.
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Figure 7: Example of building integrated photovoltaics (left) (Solarcentury 2008), vacuum insulation panel
(middle) (Simmler et al. 2005) and electrochromic window (right) (SAGE Electrochromics 2009).

7 CLIMATE EXPOSURE PROTECTION
The protection of building materials, components and structures towards the climate
exposure is not within the main scope of this study. Nevertheless, the various paths and
strategies which are being followed in order to obtain a sufficient or satisfactory protection
versus weather exposure and ageing may be summarized and divided into the following
strategy groups:







Avoid direct climate exposure.
Allow healing of exposed parts.
Climate adaption including climate changes.
Increase at a material level the durability versus various exposures.
Maintenance at specified intervals.
Replacement at specified intervals.

For further elaborations on these issues it is referred to the work by Jelle (2012). Within
the protection strategy philosophies, it is noted that carrying out accelerated climate ageing of
building materials, components and structures in the laboratory, is an adequate and powerful
tool for ensuring sufficient and satisfactory durability towards climate exposure.
8 CONCLUSIONS
This study has investigated the main climate exposure factors and how these may be
reproduced and applied in the laboratory in various ways. Crucial properties of building
materials, components and structures and their durability towards climate strains may be
investigated within a relatively short time period compared with natural outdoor climate
ageing, which in turn will contribute to lowered costs, reduced environmental impact and
promote sustainability in the construction industry. Examples of miscellaneous climate ageing
laboratory apparatuses, ageing methods and building product properties to be tested before,
during and after ageing have been given. A calculation method for estimating acceleration
factors has also been demonstrated and discussed. An extension has been drawn towards the
need for testing of new materials and solutions. It has been concluded that accelerated climate
ageing should be carried out in order to avoid building damages, either at a material,
component or structural level. Accelerated climate ageing will pay off with respect to both
time, costs and reputation, and will ensure that advances within buildings technology and
materials science and engineering satisfy the various durability requirements.
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Abstract. In construction projects, the perspective of the supply side (as represented by the design
team) should converge with the business logics directing the demand side. Project management
success is measured against the traditional efficiency factors cost, time and scope. Project success
from the demand side is on the other hand measured as effectiveness according to a strategic
perspective. It is acknowledged that project management success is important during project
execution, and that professional clients will evaluate the probability of project success before they
start execution. We have examined four cases, and analysed how the clients followed up efficiency
and effectiveness in the front-end and during execution.
In our cases, we found that the efficiency factors seemed to be followed-up continuously, from the
early front-end and into the operational phase. When examining the follow-up of effectiveness from
the early front-end and into the operational phase, we found a more varied situation. In one of the
cases the client did not follow up the effectiveness in neither the front-end nor in the execution phase.
In the next case the client followed up effectiveness only in the front-end. In the third case the client
followed up effectiveness in only the execution phase. In the fourth case the client had a continuous
follow-up of effectiveness, from the early front-end and into the operational phase.
According to our analysis of the clients’ assessment of project effectiveness according to a strategic
perspective (governance), we identified a correlation between this assessment and the project success.
The more follow-up of the effectiveness, the more project success the clients experienced. Our
conclusion is that in order to achieve project success, the client has to continuously follow up the
effectiveness.
KEYWORDS: Project success, Project management success, Efficiency, Effectiveness
1 INTRODUCTION
Success is not always used as a definite term, and a project management success does not
necessarily imply business success (and vice versa). A project manager will claim that if the
project is finished within budget, on schedule, within scope and with the specified quality it is
a success. A project’s client will hopefully operate with a broader perspective, and evaluate
how the project impacts the business. If the project has positive impacts on client business
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that exceeds the negative impacts, it should be perceived as a project success. Stakeholders’
interpretations of the term success vary, and a project can be a success in one way while
being a failure in another way. Even though a project is finished with specified scope within
budget and schedule, it can have negative impacts on the customer.
It is acknowledged that project management success is important regarding project
execution and that professional clients will evaluate the probability of project success before
they initiate the detail design and later the construction works. Measuring project
management success on the efficiency factors cost, time and scope can be quite
straightforward, while evaluating the degree of project success as achieving business goals
may be complex. On the other hand, in the test of time of success, a failure in reaching the
time and cost objectives is less memorable than an overall business success.
In order to analyse how clients follow up efficiency and effectiveness in the front-end and
during execution, we have examined:
1. Do clients focus on project efficiency before and after decision of project execution?
2. Do clients focus on project effectiveness before and after decision of project
execution?
And:
3. To what degree does project management success correspond to project success?
Measuring project management success can be perceived as simple (the units of
measurement and thereby the measurement itself being quite straight-forward), while
measuring project success can be more complex. Clients should balance the efforts on followup of both efficiency and effectiveness, even though it may be easier to focus on the tangible
rather than on the intangible. In the clients perspective the major concern is the business
success, project efficiency is of interest only as long as the causality between these and
business objectives are strong.
2 THEORETICAL FRAMEWORK
The question of what defines whether a project can be considered a success or not, has
been debated in the project management literature, at least for the last decade. Relative
widespread consensus seems to have been reached on that an one-dimensional answer to this
question does not exist.
On one side, while defining project success and success indicators in front phases may be
a complex process it is far easier to assess what is a project failure. OGC (2005) listed eight
common causes of project failure which give an indication of where efforts should have been
taken on improving success rates. Out of the eight causes one is dealing with project
management skills, while the rest is concerning clients activities. OGC lists client activities as
lack of strategic links between the project and the organisation’s strategic priorities, lack of
clear senior management and leadership, lack of engagement with stakeholders, too little
attention to breaking development, evaluation of project proposals driven by initial price
rather than long term value for money, and lack of understanding and lack of contact with the
supply industry. The last cause was lack of effective integration between clients, the supplier
team and the supply chain.
Harold Kerzner (2009) assumes that traditional project management works well when the
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direction of the project is clearly understood, the scope is well defined, all key stakeholders
agree on the objectives, risk have been assessed and understood – and last – the probability of
success is considered to be very high. This is a favourable situation. Though, projects have in
the last decades become highly complex, with greater risk and a higher uncertainty regarding
outcome while they are pressed for speed-to-market. Traditional project management may,
due to those challenges, not work.
The assessment of project success is only possible if there is a clearly stated end situation
which is perceived as favourable, and there is a foundation for realizing benefits. Artto et al.
(2008) notice that current project management literature mainly considers project strategy as
a matter of goals and plans.
According to OGC (2007) and their Managing Successful Programmes, success is related
to realisation of end benefits in a broader perspective. OGC outlines the importance of having
a clear vision for a project or programme, but this is insufficient without the clear and
consistent communication of it towards gaining commitment and buy-in from a range of
stakeholders. OGC concludes that the likelihood of success will be reduced if not the future
intent and vision is communicated to all stakeholders.
Turning to the client’s point of view, the picture is that the project management should
work together with the operations management in a company in order to deliver benefits.
Each project’s strategy and goals should be aligned with the overall corporate strategy and
goals (Cooke-Davies, 2002). The project exists because it shall deliver benefits to the
company. In other words, the project should reflect the parent organization’s strategy, and
thus act as an obedient servant. In the perspective of Shenhar et al. (2004) this includes the
design team as well as the project management team.
Torp et al. (2004: 3) studied cost overruns in large public investment projects, and
identified critical success factors and potential pitfalls. In their study, they found a shift in
literature where focus has moved from purely technical issues towards organizational and
management issues. As Morris and Pinto (2004) points out, already in 1987 Morris and
Hough showed that “while traditional management skills are important, they are often not
sufficient to assure project success. What is needed is to broaden the focus to cover the
management of external and front-end issues” (2004: xvii).
Based on de Wit (1988) and others, Cooke-Davies (2002:185) draws a fundamental
distinction between project success and project management success. Project success is
measured against the overall objectives of the project. Project management success is
measured against the widespread and traditional measures of performance against cost, time
and scope. The point is seemingly commonplace. Projects are carried out in order to satisfy
the overall objectives of the commanding client organization, and the project manager must
deliver the end product with specified quality within budget and schedule.
The following figure (from Shenhar et al., 2001) expresses the hierarchy of success
dimensions. At the bottom is project efficiency (which we have denoted as project
management success), then impact on customer (as we have denoted as project success), then
the project’s contribution to business success and on top the impact on preparing the future.
These are declined over time in order to illustrate that projects can be evaluated according to
different dimensions over different time-frames.
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Figure 1: Time frame and hierarchy of success dimensions (Shenhar et. al, 2001).

The concern of this paper is to analyse project success in the light of the first two of these
dimensions. We examine the relationship between the project management success
(efficiency) and the project success (the impact on customer). The figure serves to illustrate
two main points. First, it illustrates that assessment of project management success does not
immediately correspond to the assessment of project success. Secondly, it illustrates that the
importance of the four success dimensions will differ with the time frames.
In addition to draw the distinction between project management success and project
success, Cooke-Davies (2002) also describe the difference between success criteria and
success factors. Success criteria are the measures by which success or failure of a project or
business will be judged. Success factors are those inputs to the management system that lead
directly or indirectly to the success of the project or business. In light of the above distinction
concerning the difference between project management success (efficiency) and project
success (the impact on customer), we can establish that the hierarchically separated
dimensions have their separate success criteria and success factors.
The traditional success criteria related to efficiency are time, cost and scope. To achieve
project efficiency both time consumption, cost frame and obtained scope should be within the
agreed upon frames. Project management success is relatively easy to measure. This is what
is regarded as the operational perspective of the project. To measure project success, Shenhar
et al. (2001) have identified six measures of effectual impact on customer. These indicators
measure whether or not the project meets functional performance, meets technical
specifications, fulfills customer needs, solves a customer problem, has delivered a product the
customer is using and satisfies the customer. The criteria of measuring project success are
vaguer than those for measuring project management success. Therefore we claim that it is
easier to decide if a project has achieved project management success (efficiency) than to
decide if it has achieved project success (effectiveness).
Ittner and Larcker (2003) point out several advantages related to nonfinancial performance
measurement. Most of the companies in their survey made little attempt to identify areas of
nonfinancial performance that might advance the chosen strategy. Nor have they
demonstrated a cause-and-effect link between improvements in those nonfinancial areas and
in cash flow, profit or stock price. They do of course measure the financial performance. As a
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result, self-serving managers are able to choose and manipulate (financial) measures solely
for the purpose of making themselves look good and earning nice bonuses.
Project efficiency is easy to measure due to tangible success criteria. It is more difficult to
establish tangible criteria for measuring impact on customer (and effectiveness), and that may
be a reason why the companies in Ittner’s and Larcker’s (2003) survey made little attempt to
identify areas of nonfinancial performance.
Freely based on de Wit (1988), we will now identify two success factors that can assure
project success. Firstly, the client must understand the needs that initiated the project, and
how these are to be satisfied. This first success factor can thus be that the client follows up
strategy before decision on project execution. Secondly, the client has to supervise that what
is produced in the execution phase is in accordance with these needs. This second success
factor can thus be said to be that the client follows up strategy after decision of project
execution. To illustrate what we mean, we include the following simplified figure:

Figure 2: The project phases with the two milestones final decision on execution and product delivery

Figure 2 illustrates the differentiation in temporality between project management success
(project efficiency) and project success (impact on customer) in figure 1. The project
management success is usually determined by the project performance at the date of the
commissioning, whilst project success must be assessed according to impact on customer.
Both in the front-end phase and in the project execution phase, the client can monitor and
adjust the strategy implementation in order to maximize the positive impacts.
When evaluating whether a project is successful or not, the perspective of the supply side
(as represented by the design team) and the business logics governing the demand side should
converge. It is important to achieve both project management success (in the operational
perspective) and project success (in the strategic perspective). Even if this perspective in
every aspect seems to be reasonable, the interaction between the supply and demand side can
prove to be bumpy. This is observable on a practical as well as on a purely theoretical level. It
is common knowledge in the construction industry that the language – references,
preoccupations, vocabulary – of the supply side is not equivalent to the language of the
demand side. The supply side (represented by the design team) use a language typically based
on models, specifications, rent values etc.
The demand side (dominated by
business/organisation technocrats) use a language dominated by flowcharts, financial reports,
business cases, mission statements etc (Blyth and Worthington, 2010: 63).
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3 RESEARCH METHODS
In order to answer the research questions, we examined four construction projects, three of
which are completed and one which is under completion. The specific cases were analysed
with a qualitative approach, using semi-structured in-depth interviews for data collection. The
interviews were based on a detailed questionnaire. The interviews took place in a face-to-face
manner at the respondent’s premises, something that helped us to get their evaluation of the
project management success and the project success.
The respondents in all four cases provided documentation from each project respectively.
The documentation gave information about both efficiency and effectiveness. Our
documentation study supplemented the interviews, both up front and afterwards.
Through the literature study, we aligned our terminology with what seem to be most
common. Success is a term that for example can describe both project management success
and project success, which is not the same. The literature study supplemented the interviews
and the documentation study.
The evaluations of project management success in the examined cases are quite verifiable,
since they are based the efficiency factors cost, time and scope. A critic can question the
reliability of the evaluations of project success. Such evaluations will always be colored by
the evaluator’s subjective comprehension, and here our evaluations are based on the
respondent’s answers in the interviews. We have made rough categorizations, but they serve
to illustrate our conclusions.
More cases could have helped us with a more definite identification of to what degree
project management success corresponds to project success, but the limits to the number of
cases examined stem from the time-consuming data collection procedures. At this stage we
have prioritized to go in depth in relatively few cases instead of carrying out a superficial
examination of many. We have ensured a varied case portfolio regarding their clients, size,
degree of project success etc. A next stage will be to investigate a larger number of cases, in
order to be able to give more definite categorizations of project success.
4 FINDINGS
4.1 The university building
The case was a public construction project for the Norwegian University of Science and
Technology (NTNU), of which the main objective was to supply space for student
workplaces. In addition, a minor section of the building serves as a service area for the
University library. The project was completed in 2003. The front-end phase of the project
was characterized by a lack of time for concept studies, due to a set date for delivery. The
articulation of goals was narrowed down to contain a budget and a time schedule.
The project client’s in-house project manager argued that the lacking definition of goals
and user requirements did have a consequence for the success of the project. The client,
represented by the rector, did not respond to any other approach to the project than time, cost
and scope. A subsequent analysis of the use of the building carried out by the client indicated
that in average, only 10% of the area is in use at any time of its opening hours, indicating a
low use/cost-ratio. In hindsight, the client acknowledged that a significant part of the
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available front-end phase was used to resolving conflicts with the contractor rather than at
analyzing the needs of future users.
4.2 Dokkhuset – house of culture
A private sector project, Dokkhuset – house of culture was intended to provide area for
cultural and educational activities. The project involved the transformation of a historic
building, in a former shipyard in Trondheim, which was transformed to a new urban district,
where users were actively involved in the concluding parts of the front-end planning phase. It
was completed in 2006. The project was restricted by public regulations to non-commercial
activities. Before the involvement of the potential user groups, the client had not clearly
defined exactly what activities that could be desirable in the resulting building, since the
users were not actively included in the early stages of the front-end planning process. The
client recognized in the interview that more user involvement in the very early stages would
have further increased the achievement of the goals. The general framework for its use was,
on the other hand, clearly established, being a structure intended to increase the value of the
surrounding development project, consisting in upmarket flats, a shopping mall and offices.
4.3 The police headquarter of Trondheim
A public sector project, the new police headquarter in Trondheim, constitute our third
case. The project concerned a special purpose building, equipped mainly with office
structures, but also with short-term prison cells, emergency vehicles and public areas. A lease
agreement with a private enterprise with 20 years duration was established at the very early
stages of the front-end phase, with an optional extension of 10 years. The client elaborated a
thorough specification of demands that formed the framework for a project competition,
where the award criteria were location, price, architecture and user-friendly solutions. This
specification of demands did not provide the project manager with a clear description of what
impact the police headquarter was intended to have on the customer.
4.4 Institute of Public Health
The Norwegian Institute of Public Health will, according to their goal, improve public
health through promotion of good health and prevention of disease. Statsbygg, the Norwegian
government’s property, developer is given the assignment to develop a preliminary project
which includes refurbishment as well as new constructions. The main objective of the project,
according to Statsbygg, is to co-locate the institute’s academic environment in modern and
functional premises. An additional goal was to prepare the institute for future progress. The
tender documents consisted of Statsbygg’s standard package of documents and did not in
particular mirror the institute’s objectives, except from the idea of co-location. The
competitive tendering was set up as a two-step exercise. The first step was a pre-qualification,
where understanding of the tasks in the project was one of the selection criteria. This was
followed by a tendering competition, where the award criteria were price, QA-systems, BIMcompetencies and technical skills within all disciplines. The selection of the winning team
was based upon their ability of QA- efficiency and skills in using BIM as a working tool in
design. The new facility’s capability to support the goal of the Institute of Public Health was
not an issue in the assessment of tenders.
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5 DISCUSSION
In all of the examined cases, the clients governed the project regarding cost, time and
scope. This was carried out it in the front-end phase as well as the design and construction
phase. Furthermore, the specifications of scope, budgets and schedules were continuously
communicated to the design teams and to the project managers.
The intended impacts on users are not clearly articulated in none of the examined cases.
This does not imply, however, that project strategies were not to a certain extent developed.
The case of Dokkhuset is the most distinctive representative concerning the requisite
involvement of users in the front-end phase, and initiatives regarding new requirements were
implemented in the project during the project design phase. Such focus on the strategy during
the project design- and execution phase was non-existing, as far as we have found, in the
other cases. In the case of the new police headquarter, the follow-up of strategy in the frontend resulted in an identification of the user needs, and a specification of requirements was
articulated. The passage to the project design- and execution phase, however, was
characterized by abandonment of these requirements, and almost free hands were given to the
project manager to complete the project according to traditional project management criteria.
The clients did not establish a strategy for communication of the goals (intended impact on
customer) in any of the examined projects. What characterize Dokkhuset-House of culture is
that the strategy was governed by the client in the front-end phase, and thereafter clearly
communicated to the project manager in the execution phase. This was most probably made
possible due to the limited extent of the project. We have not found that such goals (intended
impact on customer) were communicated to the project manager in the other projects.
All project clients in our cases have visions and strategies for their organisations. What is
observable in our cases is that these strategies and visions do not seem to be fully
communicated to the supply side in the projects. This is particularly evident within the
university reading room case. It is also clear in the police headquarter case, where the project
manager did not get the description of the intended impacts on customer. Dokkhuset differs
from the other projects, in that the client was very clear on the intent that the particular
project should stimulate to the success of the greater property development area.
The findings can be assembled in the following two figures based on our subjective
interpretations of the respondents’ answers, which illustrate the success in the project
management perspective and in the client perspective:

Figure 3: Matrix with the four projects sorted after whether they have been followed up on the traditional project
management criteria time, cost and scope. As the matrix shows, all four projects were followed up before and
after decision of project execution.
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As we can observe from the above figure 3, the clients followed up the projects on the
criteria time, cost and scope. The following figure 4, however, clearly illustrates that followup on the project management criteria does not necessarily imply a follow-up of strategy:

Figure 4: Matrix placing the four projects according to their following-up of strategy before and after the
decision on project execution (based on the respondents’ answers in the interviews).

Equally, we can visualise the outcome of the projects according to their relative project
management success (efficiency) and project success (effectiveness):

Figure 5: Outcome of the projects according to project management success (project efficiency) and project
success (impact on customer). The representation is sketchy and coarse, but serves to illustrate that success is
not always used as a definite term.

The outcome of the fourth project is not finally determined, given it not being finished. As
far as we have established, no follow-up of strategy have been carried out in the project
execution phase, and in our opinion this leaves the strategic outcome of the Institute for
public health much to chance. The technical capacities and excellent track-record of the
supplier (Statsbygg) convinces us, however, that the project management success will be
secured.
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The main interest of these examples is that they illustrate the possible clash of the supply
side (understood as the design team) perspective and the business logics we intend to
examine in this paper. From the above figures, we conclude that there exists a discrepancy
between the judgments of whether or not the project can be considered a success.
6 CONCLUSION
It is acknowledged that both project efficiency and impact on customer are important
success dimensions (effectiveness). The project manager is responsible for project efficiency.
The client is the one that should be interested in impact on customer. When it comes to
achieving project success, we have described two main success factors:
1. A proper follow-up of strategy before decision of project execution (aligning the
project with the organisation’s strategy).
2. A proper follow-up of the strategy after the decision of project execution (assuring
that the project actually executed in fact is aligned with the organisation’s strategy).
From the matrix concerning the follow-up of strategy before and after the decision on
project execution, we can observe how these two success factors are or are not acknowledged
in the individual cases. On the operational level, all of the four projects must be considered to
have succeeded. They were all designed and built with the specified scope within budget and
schedule. When it comes to project success, in terms of delivering impact on customer, only
one of the projects were successful in the strategic perspective.
Interestingly, the analysis shows a correlation between the observance of the success
factors and the outcome of the project according to a strategic perspective. The project where
both success factors were observed, Dokkhuset – house of culture, was successful according
to the project management perspective (project efficiency) and according to the strategic
perspective (impact on customer). The projects where none of the two success factors were
observed, the NTNU reading room, proved successful according to a project management
perspective (project efficiency), but highly unsuccessful in the strategic perspective (impact
on customer).
This correlation is weak in the sense that the cases are few, and that the conclusion is
based on subjective interpretations of the respondents’ answers. Though, our impression is
that the clients paid less attention to project success in the strategic perspective during project
execution than they paid to the project management success (time, cost and scope).
This is not to say that the project manager focusing on the traditional success criteria time,
cost and scope is unimportant; they are in fact crucial to the efficiency of the project. What
we do maintain is that the client must follow-up effectiveness and project success in the
strategic perspective after the decision on project execution.
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Abstract. In Norway, both large and small municipalities struggle to provide enough affordable
housing for parts of the population with limited economic resources. This paper developed from the
research project "Low Cost Housing for the Socially Disadvantaged, Phase 3" (Rimelige boliger for
vanskeligstilte, fase 3), whose aim was to explore and analyse how small municipalities in Norway
have financed and organised the development of affordable housing. The central aim of the project is
to encourage the building of affordable, accessible, energy effective housing and thereby give a
greater number of disadvantaged inhabitants a better place to live. The main question which has been
asked throughout this phase of the project is how can small municipalities organise and finance the
building of low cost, low energy housing? Within the Vassneset project we have investigated if it is
possible to successfully deliver a high-quality housing project, involving high-school pupils as the
main on-site workforce. A passive-house course has been developed where both teachers and pupils
learn about, and build energy effective housing. The intention is that students will receive training
and qualifications, and have the chance to gain real-life practice working with a team from different
professional backgrounds. Qualitative research methods have been used to follow the development
and implementation of the construction process associated with the pilot project established in Åfjord
municipality.

KEYWORDS: sustainable architecture, passive house, housing, low cost, local authorities

1 INTRODUCTION
In Norway, both large and small municipalities struggle to provide enough affordable
housing for parts of the population, who because of limited economic resources or because of
social or health related factors have difficulties in gaining access to the housing market. It is
suggested here that a passive-house project in Åfjord Municipality offers one potential
solution to this problem. In addition, the project by constructing passive houses for the
community will not only provide a low cost homes, it will also provide a sustainable solution.
In Åfjord in Central Norway, a group of high school pupils are in the process of building the
municipality's first passive-house. This house is the first of two to be built over a period of
two years on a site known as Vassneset. The building and education project is financed by the
Norwegian Housing Bank (Husbanken), Sør-Trøndelag County Council and Åfjord
Municipality. The house itself, which was designed by Eggen Architects, will be the home of
a disabled member of the Åfjord community.
This paper developed from the research project "Low Cost Housing for the Socially
Disadvantaged, Phase 3" (Rimelige boliger for vanskeligstilte fase 3)1, whose aim was to
1

The research project, for the sake of readability, will from this point be called the shorter name, Low Cost
Housing.
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explore and analyse how small municipalities in Norway have financed and organised the
development of affordable housing. The paper asks two main questions, firstly, how can
small municipalities organise and finance the building of low cost, low energy housing? The
second is what implication does this activity have for the construction industry involved? The
questions are answered using examples and information gathered using qualitative research
methods during the design and building of the first passive-house in Åfjord, as well as during
the development and implementation of three passive-house course days, during the autumn
2012.
2 BACKGROUND
In addition to the financial support the project received there are three main aspects which
provide the motivation for the project. These are the needs of the community in Åfjord, the
research project Low Cost Housing” led by the Norwegian research institute SINTEF
Byggforsk, and the high school building project known as the Blakstad model The following
section describes these three aspects in more detail.
Åfjord lies on the Fosen peninsula in Sør-Trøndelag County; it has a population of
approximately 3240 inhabitants2. The community, like other Norwegian communities, also
requires housing for the socially disadvantaged. A finding related to the first phase of the
research project "Low Cost housing" suggests that existing council housing is often
misplaced, the wrong size and shape, and thus is not sufficiently adapted to the needs of user
groups (Narvestad, 2012). Åfjord municipality is dealing with similar kinds of problems. The
building of low cost housing adapted to the needs of different user groups within the
community was part of the agenda before the collaboration with Åfjord High School was
established. The Vassneset building site where the passive houses are now being built was
already regulated for this purpose.
The research project "Low Cost Housing" has developed in three phases. The focus of the
first phase was gathering information about the housing situation for the socially
disadvantaged in Norway. The main question asked was; is it possible to build low cost
housing for the socially disadvantaged, and at the same time avoid segregation and the
building of low quality non-sustainable housing? (Narvestad, 2012). The second phase of the
housing project concentrated the development of pilot projects where the knowledge gathered
during phase one could be effectively implemented. The housing situation in five
municipalities in central Norway was mapped, and the municipalities were asked if they
would like to participate as pilots in the project. The intention was that low cost housing
would be built during phase three of the research project. Phase three has acquired positive
momentum in Åfjord Municipality after a false start where two initially suggested pilot
projects were not realised.
Within Åfjord, SINTEF Byggforsk has investigated if it is possible to successfully deliver
a high-quality housing project, using high-school pupils as the main on-site workforce. A
passive-house course has been developed where both teachers and pupils learn about, and
build energy effecticient housing. The passive-house project in Åfjord has built upon a model
developed in Froland Municipality in Aust-Agder County known as the Blakstad model. The
project was quickly implemented and is considered a success by the Norwegian Housing
Bank. It only took nine days before the passive house project was unanimously adopted by
the municipal board. Blakstad High School is Aust-Agder County's largest high school with
330 pupils. Within the building trade the school educates the carpenters, bricklayers and
plumbers. Teachers at the school received training within passive-house design before the
2

Åfjord has several large construction companies, other local industries are farming, fishing, forestry and the
service industry. http://www.afjord.kommune.no
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project started in the autumn 2009. The architect who designed the houses and Agder
University College provided the specialised training.
The high school pupils were taught about the construction of passive housing parallel with
the on-site construction of houses. There was no time delay between learning about the skills
and taking them into use. The housing built by the Blakstad pupils is designed for people
with substance abuse/ mental health problems. The municipality's social services department
specified what the 45m2 houses should include, and how they should be tailored to meet
customer needs. Froland Municipality has been provided with low cost social housing. High
school pupils have received practical education within the construction of passive-housing, a
field which is increasingly relevant within the construction industry3. Ex-pupils are sought
after within the job market. Within the Blakstad project, 90% of pupils had received an
apprenticeship before the summer holidays, and the number of pupils dropping out from high
school courses in building trades was halved. The school also experienced a historically large
number of applicants during the autumn of 2010. Several municipalities have visited Froland
to learn from the Blakstad Model. In Sør-Trøndelag a number of municipalities are now
starting their own versions of the Blakstad model, for example Røros, Melhus and Hitra.
However enthusiasm in Sør-Trøndelag for the project has spread not only because of the
experiences in Froland, the Åfjord project has also contributed.
The initiative to build upon the experiences gathered from the Blakstad model was taken
by a teacher from building trade studies at Åfjord High School, who says that he became a
“believer” after he had participated in a seminar organised by the Norwegian State Housing
Bank in the autumn 2011. The project in Åfjord aims to provide affordable housing for the
socially disadvantaged, but this is not the only need which the project fulfils. The local
building trade needs updating, with new skills and knowledge in relation to the
aforementioned government regulations that will be in place in 2015 and 2020. The
government white paper on building policy from 2012 suggests that the R & D investment
and innovation in the construction industry is too weak (Stortingsmelding om
bygningspolitikk, 2012). New technology, new construction methods and more efficient
construction processes are understood as essential if the construction industry is to grow and
develop. It also needs expertise in areas such as energy efficient and environmentally sound
construction, good architecture and the use of new technologies. In addition teachers at
Åfjord High School have received signals from the local construction industry, that there are
not enough young people interested in working in the industry. Through working with a
similar model to the Blakstad model, the teacher mentioned above hopes to achieve positive
results by providing the next generation of up to date and motivated construction workers,
and by building good quality sustainable housing in Åfjord.
3 THREE THEORETICAL FOUNDATIONS
There are three main theoretical foundations to this paper; firstly the first two phases of the
low cost housing project, secondly actor network theory used to understand the roles and
relationships in the project and thirdly passive-house theory. The experience harvested during
the first two phases of the project "Low Cost Housing" and recent housing research provides
the first theoretical foundation for the paper. In 2005 it was estimated that there were
approximately 2.2 million dwellings in Norway, and that of these 57% were single family
houses, 21% were vertically or horizontally divided small houses or row houses. The
3

In 2010 the Norwegian Standard NS 3700:2010 set the criteria for low-energy and passive houses. In the
autumn 2012 NS 3701 set passive house criteria for commercial buildings. Report No. 28 "Good building for a
better society" from June 2012 indicated that passive house levels will be a requirement by 2015 and nearly zero
energy buildings will be a requirement by 2020.
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remaining 22 % were apartments (Eksbo report, 2009 Analysis of Norwegian dwelling
stock). Whilst housing for the elderly and for young people has often been met with new
creative solutions, housing for the socially disadvantaged remains a challenge (Narvestad,
2012). The Norwegian white paper on housing from 2004 from the Minsitry of Local
Government and Regional Development, states that housing quality in Norway is
characterized as good. This is primarily based on the technical standard and a high average
living space. At the same time housing researchers have noticed a number of challenges with
regard to housing quality. Although the average living area per. person is still high, a large
number of small dwellings are being built in new residential areas. Furthermore, it is argued
that the same places are also lacking communal areas which can be used as meeting places, or
for recreation or play (Wågø et al., 2006) (Guttu and Schmidt 2008). These aspects have been
considered during the development of the passive house in Åfjord. They provide background
knowledge which influenced the development of the built form and have implications for
how the architect and the municipality work. However, it is suggested here that the high
school pupils only have limited knowledge about the background for a houses development
and design; this could be addressed in the next stage of the high school project in 20013/14.
The second main foundation is actor network theory (ANT) which provides an analytical
structure with which to discuss the social and relational network in which the project exists. It
is suggested here that the passive-house project developed within a network which not only
included social actors but also the physical properties of the site and the house being built.
The actor network theory developed by Bruno Latour may be applied to the social, physical
and non-material entities. ANT describes how the development and distribution of facts and
artefacts happens through negotiations between different groups. ANT was originally
developed to analyse processes of innovation and knowledge-creation in science and
technology, and it was associated with studies of large technological systems (STS), it was
also influenced by the study of semiotics. ANT’s background within the study of technical
systems makes it interesting within the study of a passive house like Åfjord project because
of the technical and physical quality of the building project which is at its centre. ANT is
often associated with agency theory because it also applies agency to the non-human world.
Material forms are seen as having effects but what matters are not the objects or entities
themselves but the network of agents and the relationships between them. The passive house,
the idea of it, the activities used to build it and its increasing physical presence were central in
instigating much of the social activity and can therefor be seen as having agency (Gell, 1998).
However when applying actor network theory it is important to remember that a network is
not a tangible thing; it is used to describe the traces left behind by some moving agent
(Latour, 1996). The question is often not who is acting but what and how. In for example
design research, actor network theory is useful because it looks beyond the designer’s
intentions and the properties of the object, and focuses on how the object is perceived,
interpreted and used (Fallan, 2007).
We have primarily based our use of ANT on the design research method by considering
how the object is perceived, interpreted and used within the social and physical network
established around the house. The passive house in Åfjord is associated with a number of
different expectations by a number of different user groups. Understanding the passive house
and the skills associated with the building of this kind of housing as part of network provides
a broader understanding of the needs and expectations associated with the building project.
Latour was interested in dissolving the duality which exists between objects and persons,
seeing them as co-existent, interdependent and active. ANT describes how the development
and distribution of facts and artefacts happens through negotiations between different groups,
who are applying strategies preconditioned by their different agendas, needs and desires. The
dynamics often take the form of conflicts, both in relation to the network in question and in
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relation to other associated networks and elements. However the network is importantly a
tool to describe something, it is not what is being described "it is a trace left behind by some
moving agent." (Latour, 2005). Three main qualitative methods were used to gather insight
into how the passive house has been perceived, interpreted and used. These are presented in
the next section of the paper.
The third theoretical foundation to this paper is passive house theory. The pupils and
teachers are building a passive house and their activities are based upon their understanding
of what a passive-house is and standards associated with Norwegian passive houses. A
passive house is a house which needs less energy for heating than a normal house. The
energy demand for heating in a passive house is approximately 25 % of the heating demand
of a house built according to the existing Norwegian regulations. The demands concerning
passive houses in Norway are stated in the Norwegian Standard (Standard Norge, 2010). In
order to achieve low energy use the building envelope is more insulated than an ordinary
house. The windows panes have three layers of glass in order to lower the heat loss. To lower
the energy demand the ventilation system also needs to be effective at heat recovery. The
Norwegian Passive house standard NS 3700 also includes demands concerning the
airtightness of the building and requires the testing of the air tightness in the finished
building. The Norwegian government has through the new white paper Good buildings for a
better society indicated that all new houses must fulfil passive house level from 2015
(Ministry of local government and regional development 2012). This has led to an increased
focus on passive houses in the building sector. Passive houses provide a solution to lowering
energy use and provide therefore a more sustainable housing solution than many previous
Norwegian housing forms.
4 METHODOLOGICAL CHALLENGES
The three theoretical foundations require qualitative research methods to follow the
development and implementation of the construction process associated with the passive
house project in Åfjord municipality. The building of a passive house is a demanding
technical process for pupils and teachers involved in the Åfjord project. However
understanding the actual impact and results achieved through the construction process relies
not just on quantitative analysis of the technical data produced after the house is completed
i.e airtightness testing4, but also depends on qualitative feedback from the people directly
involved in the processes. A qualitative survey is achieved through the systematic use of
ethnographic methods. Qualitative research is intended to be illustrative, and provide robust
and detailed insight into the behaviour, use and experience of participants involved in the
project, but it does not necessarily give quantifiable conclusions (Hammersley and Atkinson,
2007). The conclusions made are based on real-life examples which may challenge or support
initial hypotheses, and which can importantly be learned from. For example the first main
research question asks how low cost quality housing may be built by municipalities. A
hypothesis which the paper aims to prove or disprove is that the Åfjord project offers a
method with which to achieve this. An analysis of the understandings and response of the
participants to activities and results achieved by the project is one way of both answering the
research question, and proving or disproving the hypothesis.
The qualitative approach used in Åfjord combines three main methods; participant
observation, action research and in-depth interviews. Within the ethnographic method,
participant observation is the most well-known, and is used by anthropologists and other
social scientists during fieldwork. The father of the anthropological method, Bronislaw
4

According to the Norwegian Passive House standard NS 3700 the air permeability test performed when the
building is finished has to be below the demands in the standard.
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Malinowski, described it as entering into the “imponderabilia of actual life and typical
behaviour” (Malinowski, 1984). By participating in everyday life the ethnographer is able to
gather information about all sides of social activity and provide in-depth insight into the
social context. The participant observation prescribed by Malinowski required participation
in all aspects of everyday life over a period of six months to a year. The contemporary use of
participant observation combines participation and observation over shorter and longer
periods, along with other methods. In Åfjord participation and observation have been used
during course days and meetings. There is a close association with this activity and action
research. The difference being that participant observation does not attempt to introduce new
elements or generate action.
The main purposes of action research are to generate action, change and “learning by
doing” as well as the cogeneration of knowledge. In action research, the importance of
learning and reflection are highlighted both for the “action researchers” and for the actors
involved (Greenwood and Levin, 2007). A building process like the one in Åfjord fits well
with Susman and Evered’s (1978) representation of the action research process as a cyclical
process from (1) diagnosis, (2) planning of actions, (3) taking actions, (4) evaluation, and
finally (5), specifying learning and new knowledge. For example, at the end of each of the
three passive-house course days, pupils and teachers have filled out a short evaluation form.
In addition throughout each course day we have observed the group and their response to
information provided. The project group has participated in meetings and course days which
provide background to understand how and why the project in Åfjord has developed in the
way it has. In addition, the pupils have created a student blog which follows the day to day
development of the building project. The blog provides empirical information and at the same
time it has been interesting to analyse what role the blog plays within the group and its
implications for the wider dissemination of the construction activity.
Fifteen pupils from the second year of the building trade course at Åfjord High School
and their teaching staff is the main group followed during the autumn 2012. In addition
second year pupils from the electrical course at Fosen High School have also participated in
one of the passive-house course days, and more contact will be established during the spring
semester 2013. This group will be installing the electrical system in the Vassneset passive
house. They completed the first evaluation form and their response to course was also
observed. The passive house course days were directed towards a wider group than those
directly involved in the building of the house in Åfjord. Teachers from the building trade
courses from high schools throughout South and North Trøndelag have also participated, and
a large number of actors from the construction industry. This wider group also filled out the
evaluation form. The project group emphasised the importance of filling out this form, by
pointing out to participants that the information gathered has a broader relevance than the
standard questions about the courses strength and weaknesses. This aspect highlights the
challenges associated with using action research as methodology, because it is at times hard
to distinguish between the needs and results of the passive house course and construction
process, and those of the research project. However this may also be understood as its
strength because the activities associated with the project may always be understood as
playing a central role in, what is the ultimate aim of the project in Åfjord, which is building
low cost sustainable housing which attends directly to residential needs of the socially
disadvantaged.
The third main method used during the project is in-depth interviews. These were used to
supplement the information provided by participation and observation. In-depth interviews of
pupils and staff are used to follow-up the response gathered through the surveys. The
interviews with the school principal and two of the pupils participating in the course also
gave the opportunity to gather more information about individual rather than group responses
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to the project and its aims. This has provided the foundation to develop, adapt and adjust
forth-coming passive-house courses, as well as providing empirical information with which
to answer the main research questions. For example it was noticed during interviews that
pupils understood that passive houses were demanded by forthcoming governmental
regulations, but they had not placed the building project or the regulations within a broader
social and environmental context. This aspect was addressed within the next course day. The
context was presented and pupils and staff were asked why passive houses were being built.
5 THE PASSIVE HOUSE ON THE VASSNESET SITE

Picture 1: The two Passive houses at Vassneset. (Eggen arkitekter 2012)

There will initially be built two houses on the Vassneset site, this paper concentrates on
the construction of the first of these two houses. The houses are single story, universally
designed and have a floor area of approximately 70 m². The exterior walls have 400 mm
insulation and are built with timber framework. The roof is a lean-to-roof with 400 mm wood
purlins and a total of 500 mm of insulation. Picture 1 shows how the two houses will look
when they are finished.
As building of passive houses still is a new phenomenon in Norway the project group at
SINTEF Byggforsk decided to develop a passive house course pack. The course pack consists
of five course days. A special focus has been given to airtightness which is critical in order to
fulfil the Passive House standard. The progression of the course was closely associated with
the needs of the building site. The first two course days gave an introduction into passive
house theory, and were held before work at the building site was started. The next two course
days were more practical and were given close to the building site during the construction
process. The final course day will take place in May 2013 and will both conclude and
summarize the preceding course days. The passive house course was developed after the
decision was made to build the two houses in Åfjord, and after the architectural drawings
were finished.
Within Åfjord High School the opinion is that the process where the municipality decided
to build the houses in collaboration with the high school was, as in Froland, a quick and
effective one. There is good communication between council offices and between the high
school which encourages the flow of information, this in turn supports the decision making
process. Åfjord is a small community and the municipal offices are on a scale which
encourages communication. None of the larger municipalities in Sør-Trøndelag have
managed to adapt the models from Blakstad and Åfjord to their own needs. Teaching staff
from other Sør-Trøndelag schools who have participated in the passive house course days
suggested that it is easier to start projects like this in smaller municipalities because there is a
short distance between the partners communicating.
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The Åfjord project in general bears witness to the importance of enthusiasts who have
acted as driving forces for starting and effectively running the project. The teacher mentioned
earlier in the paper is an example as this, as is the technical director in Åfjord Municipality
and the head of Byggopp. This enthusiasm provides background for the project and its
continuing development, and also provides one answer to the question; how can small
municipalities organise and finance the building of low cost, low energy housing? The
answer is that the enthusiasm and drive associated with a small number of individuals is often
needed to get project started, and this same enthusiasm helps to push the project forward. It
may also cause problems because; if one or two of the enthusiasts leave, the project may lose
momentum. A network which is founded on individual enthusiasm is more vulnerable, than
one which is established and formally anchored. Sør-Trøndelag Municipality and the
Norwegian Housing bank are already working on establishing a more permanent network for
what will be the South Trøndelag model. This is necessary because three new schools intend
to start building passive houses in the autumn 2013. This permanent network may potentially
encourage larger municipalities to get involved.
The second question asks; what the implications are for the construction industry
involved? The response of the pupils, their teachers and member of the local the construction
industry who also participated in the course and building project goes some way to answering
to the question. The competence which the high school pupils gain through the building of
the passive houses in Åfjord will be important when they leave and begin their work as
apprentices, making them attractive locally, but also further afield. The participation of local
members of the trade confirms this because it shows that they consider the course useful to
their businesses. The school has traditionally had a good relationship with the local building
profession, however the passive house course and the building of a passive-house at
Vassneset has attracted extra interest. This is something the school has benefitted from
through the exchange of knowledge, sponsorship and building materials. During the last
passive house course of the autumn semester 2012, which took place at Åfjord High School,
a large group of local professionals from the construction industry participated in an active
dialogue with the representative from SINTEF Byggforsk who is a passive-house expert. This
encouraged the pupils to also participate in the dialogue, resulting in the exchange, on more
than one level, of practical knowledge about the building of passive-houses. This was
knowledge that SINTEF's expert and the course participants have use for.
There is an expectation that the pupils will through the course work and building of the
house, be able to understand the handwork requirements associated with building passive
houses, and therefore be better prepared to meet the requirements of the building trade. The
school principal is however uncertain whether the fifteen pupils will become better craftsmen
because they are learning passive house skills in addition to the usual construction related
skills. However, it was suggested by the project manager for the Miljøbyen Granåsen housing
project in Trondheim, Sør-Trøndelag, where 300 passive-houses are being built, and
Scandinavia's largest passive-housing estate, that the precision and care required to achieve
the air-tightness associated with passive-houses has resulted in a greater level of skill and
professional pride. This in turn has allowed Heimdal Bolig AS who are responsible for the
developing of this passive house project to provide the market with houses of a much better
building quality. A pupil who was asked whether he thought that they would become better
craftsmen suggested that they will be better because, "there is more material to work with,
more learning in sawing and hammering. A bit more has to be re-done, although not as much
as they expected. We have to go over things, check the quality." Pupils have therefore faith in
the skills that they are learning.
When asked how well she thought the passive house course provided by SINTEF
Byggforsk functioned, the school principal said that her impression was that "teachers and
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pupils think that it is an exciting course and that it is a boost for us to participate." This
enthusiasm is reflected in the evaluation survey completed during the autumn 2012, by
pupils, teachers and professionals. However the passive house course days provided by
SINTEF are alone not enough to promote the positive momentum associated with building
the house at Vassneset. A pupil, when asked about his expectations in relation to the passivehouse project in Åfjord, explained it in this way, "We expect to learn about passive-house
standards, this will be useful when we are applying for jobs later. Passive-house will be the
new standard and it is important to receive training early in this. ….We have a lot of theory
out on the building site. Problems are explained through practice. It makes it easier for
pupils to understand and this makes the course more attractive. Practice is a good thing." A
number of factors are therefore supporting the momentum which the high school course
achieved. A pupil interviewed suggests that most things they are working with are "exciting.
This is because I didn't know anything about it when I started, everything is new. It is great
seeing how the house is built." The agenda, which Latour suggests is often behind a network,
is in Åfjord supporting the needs and desires of the participants. Although there are a number
of different roles being played little conflict has been experienced. The house is the starting
point, supporting social and cultural activities which may be understood as a network.
This network is a continuing source of enthusiasm and it is present in the class blog. The
pupils have been encouraged to create a blog about the building of the first house at
Vassneset. This has proved to be a success both inside and outside the class. The pupils have
enjoyed presenting themselves and their work, and the blog has received attention from the
local media (Fosnefolk and Adressavisen). It is updated daily, sometimes hourly with
photographs and comments by the blog's editor. The blog is followed by building trade
courses at other High Schools in South Trøndelag. The Åfjord pupils have become
ambassadors for passive house building in the region. The blog's editor claimed that they
have become "role-models". This is something that pupils and teaching staff appreciate, and
it has been noticed by the Husbanken and Byggopp. The network associated with the passive
house in Åfjord has therefore had wider social and cultural implications, through knowledge
spread by the teachers and pupils.
6 FURTHER DEVELOPMENTS
There are a number of developments still to be expected in the Åfjord passive house
project, and the research project "Low Cost Housing" organised by SINTEF Byggforsk. The
first passive house in Åfjord has yet to be completed and the building project will continue to
be followed until June 2013. Another house with the same design as the first house is also
being built on the Vassneset site and other houses/ apartments are being planned for the site.
Future building trade pupils will continue to receive a practice based education at Åfjord
High School. Universal design will be included in the course material which pupils, teachers
and the construction industry will receive during the spring 2013.
The Norwegian Housing Bank's goal has been and still is that the model should be shared
with other municipalities and high schools around the country, and it is actively encouraging
more local councils in collaboration with high schools in north and south Trøndelag to
develop their own passive house projects. High schools in Hitra, Røros and Melhus
municipalities will be starting their projects in the autumn 2013 and other schools are
expected to follow suit. This wider group is the South Trøndelag Model.
7 CONCLUSIONS SO FAR
The conclusions presented in this paper are partial; the final results from the project will
become clearer when the first house has been completed in June 2013, and further findings
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will be presented at this stage. The first main question asked in this paper and in the research
project "Low Cost housing" is, how can small municipalities organise and finance the
building of low cost, low energy housing? The Åfjord project is not yet completed, but the
process described in the paper provides one solution to what are, both the paper’s first
question and a real-life-problem for local authorities. We suggest that the use of real-lifepractice for high school pupils combined with economic and organisational resources from
small municipalities is a model which could be effectively implemented throughout Norway.
In both Froland and Åfjord, high schools and municipalities have quickly and effectively set
in motion passive house projects, building small, specially adapted passive houses for
socially disadvantaged groups. The municipalities have saved on building costs because the
expenses associated with labour are reduced to a fraction of what they would be if a
professional firm had built the houses5. This aspect has been used by the Norwegian Housing
Bank when marketing the potential of establishing this kind of project in other municipalities.
The houses are passive houses and therefore provide as sustainable solution to the problem,
and are importantly, at the forefront of Norwegian building requirements which require that
all new buildings should achieve passive house standard by 2015.
In addition the small operations like these have benefitted from the enthusiasm of
individuals within the schools and municipalities. It is within this group of enthusiasts that
the actor network described by Latour is most apparent. The pupils are part of the network
around the house and their blog activities have contributed to expanding the networks
physical and social boundaries. The blog has been used in teaching building trade classes at
other high schools. The pupil's enthusiasm has been contagious. By blogging about the
building process pupils can contribute to their own learning process, gaining greater
understanding of how to build a house in the Norwegian climate, how to build a passivehouse and how the process of building works, through a description of their daily actions.
They learn in an iterative and reflective way, and in this way, the knowledge and
understanding of tasks and problems in a building process increases. In addition, they achieve
ownership of the process which further encourages enthusiasm among the pupils, which
highlights the proudness and confidence they associate with the skills they have learned. The
Åfjord project should therefore not just be measured in terms of the financial gains to the
municipality. The project plays an educational role that has implications for local and
regional society by providing a skilled and enthusiastic labour resource to the construction
industry.
This point goes part of the way to answering the papers second main question, which asks,
what implication does this activity have for the construction industry involved? The
construction industry which is here associated with the construction firms who have
participated in the course days and with the pupils at Åfjord High School, have gathered new
knowledge and skills about passive housing. This is a field which will increasingly be a part
of the activities associated with building both public and private buildings in Norway. The
industry only has as short time to gather the necessary knowledge and skills. The Norwegian
construction industry has been criticised for not actively working towards innovation and
change by the Government. The courses associated with the Åfjord passive-house although
not enough in themselves do point the way forward for the industry. The Åfjord High School
is providing apprentices with skills needed in the construction industry and which the existing
professional workforce lack. The enthusiasm of the local construction industry for the course
days associated with the Åfjord project shows that they are aware of the need. However the
industry must itself provide resources so that its existing workforce can gather the knowledge
5

The actual costs will not be known until the project is completed. The Åfjord High School is still negotiating
with the municipality. For example, there has been a certain amount of wear and tear in the project and the
school would like the municipality to cover these costs.
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and skills necessary to meet the demands of the market. This suggests that the course and the
network associated with the passive house have had implications for the construction industry
and several levels, and the intention is that this will continue to happen through new projects
taking place in 2013/14 in South Trøndelag.
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Abstract. Sustainability has become one of the most important challenges of today's society.
(Oehlman, 2012). With the integration of ideas of sustainability in companies, it should be no surprise
that these ideas are also finding their way into the project management practices. (Silvius et al, 2009).
This paper will provide information on which project management roles have what amount of
influence to adhere to sustainability in the project and give recommendations on how they can wield
their influence. After a quick review on literature on sustainability, literature on project management
is discussed, followed by a discussion on sustainability and project management roles. A case study
will provide the answer to the research questions.
KEYWORDS: Sustainability, Project Management, Responsibility
1 INTRODUCTION
Sustainability is without a doubt one of the most important challenges of our time and the
immediate future. It is getting, more and more attention, which results in companies
integrating ideas of sustainability in their marketing, corporate communications, annual
reports and in their actions. With this integration of sustainability in companies, these
concepts are also finding its way into the project management practices in the very near
future. (Silvius et al, 2009)
Project are the means by which change is introduced in order to become fit for the future
(OGC, 2002; Knoepfel, 2010) and the purpose of project management is to keep control over
the specialist work required to create change. (OGC, 2002) Here, the integration of the
environmental, social and economic dimension in the emerging political agenda will be a
central challenge for the 21st century business. (Elkington, 1999). This integration should get
a prominent place in the organization’s strategic goals and the principles of corporate social
responsibility (CSR) should be adapted.
Unfortunately, there is very little guidance available on what is meant by sustainable
project management or the responsibilities of the project management professional. (Silvius
et al, 2012) The current project management frameworks do not effectively address the three
goals of sustainable development, i.e. social equity, economic efficiency and environmental
performance. (Labuschagne and Brent, 2006) This is probably so because, although the
concept is understood intuitively, it remains difficult to express it in concrete operational
terms. (Sepehri, 2010) Thus, the integration of the concepts of sustainability is definitely not
finished. (Gareis et al, 2009) If we want the world to sustain for the future, we need to rethink
our business and project management models and make them more sustainable.
More projects today are driven by sustainability goals than ever before. The need for
sustainability as a critical factor for project success is clear. However, the question is what
stakeholders involved in the project think of it. (Achman, 2011) Achman’s (2011) research
led to the conclusion that stakeholder’s perspectives become an important factor to the
project management practices and that it would be best to align all stakeholder’s perspectives
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on sustainability in order to include the triple-P indicators throughout the whole project
management process. It is, however, also important to know which project management
stakeholder has what influence on the application of sustainability in the project management
practice. This research aims to add to that discussion.
This research does not question the importance of the integration of sustainability in the
project management practice, but intends to make a contribution to the project management
practice by adding validity to a conceptual framework that could be the basis of the
implementation of sustainability principles in the major project management guidelines.
In this research a literature review and an empirical research were done. In the next part a
basis definition of sustainability is given, followed by a discussion on relevant literature on
roles in and around a project and sustainability and project management. In part three, the
research approach is explained, as are the case and the analysis model. Part four shows the
case study findings and the discussion of the findings. In part five research limitations are
discussed, conclusions are drawn and recommendations for further research are given.
2 LITERATURE REVIEW
In 1972 the Club of Rome wrote “Limits to growth” and “Our Common Future” was
produced in 1987 by the World Commission on Environment and Development. In “Our
Common Future” sustainable development was defined as “development that meets the needs
of the present world without compromising the ability of future generations to meet their own
needs”. (Elkington, 1999) Thus, sustainability is the principle of ensuring that our actions
today do not limit the range of economic, social and environmental options open to future
generations. (Elkington, 1999, p.55) And because our current way of doing ‘things’ is not
sustainable, these ‘things’ (products, processes, materials, resources, our behaviour) but also
thoughts (beliefs, values) need to change. (Silvius et al, 2012) And although the concept of
sustainability is understood intuitively by many organizations, it remains difficult to express
it in concrete operational terms. (Sepehri, 2010) In addition, traditional business management
systems are solely geared toward financial performance and therefore exclude environmental
and social sustainability aspects and practical tools are needed to systematically include
sustainability within the business management systems. (Labuschagne and Brent, 2006)
2.1 Project Management Roles
Literature refers to several different project management roles. PMBoK and Graham &
Portny (2011) discern different project stakeholders. The latter, however, also make a
distinction between internal stakeholders, external stakeholders and stakeholders who are
often overlooked. Turner (2011) and OGC discern several project related roles. Table 1
shows the roles that are commonly discerned and that are relevant for this research.
Table 1: Project management roles (Goedknegt 2012)
Present in source
Project
Management
Explanation
Roles
Client / Owner Persons or organizations that
will buy or use the product or
/ Customer
service and who will receive
the benefits from its operation
or outcomes.
The person who is responsible
Program
for the management of related
Manager

PMI
Graham Turner Hermarij OGC
(2011) (2010)
(2002,
(2009) &
2007)
Portney
(2011)
X
X
X
X
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Present in source
Project
Management
Roles

Explanation
projects.
Has the primary responsibility
for the successful delivery of
the new capabilities, the
realization of benefits and
establishing governance.
The person or group that
Sponsor
provide the financial funds in
cash or in kind.
The person who defines the
objectives of the project, the
desired outcome (benefit) and
defined output (deliverable,
facility or asset) (e.g. the
representative of the customer)
The person who has to ensure
that the project gives value for
money, ensuring a costconscious approach to the
project, balancing the demands
of business, user and supplier.
The person who is responsible
Project
for successfully realizing the
Manager
project’s objectives.
The person who is responsible
for the day-to-day management
of the project.
Persons who will use, manage
(End) User
or maintain the product or
service (on behalf of the
owner).
Is responsible for the
specification of the needs of all
those who will use the final
product(s).
External companies that deliver
Supplier /
goods or services necessary for
Contractor
the project.
Receives money from the
owner to do the work to deliver
the asset or output.
Is accountable for the quality
of products delivered by the
supplier(s).
Project Team / Persons with specific
knowledge or skills who
Employees
execute the project work.
Persons who, with respect to
the content (execution),
provide a contribution within

PMI
Graham Turner Hermarij OGC
(2009) &
(2011) (2010)
(2002,
Portney
2007)
(2011)
X
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Present in source
Project
Management
Roles

Explanation
the project.
E.g. designer, architect,
technologist, construction or
realization manager.

PMI
Graham Turner Hermarij OGC
(2009) &
(2011) (2010)
(2002,
Portney
2007)
(2011)

The project owner and related stakeholders have potentially a primary role in setting
directions and constraints for sustainability in order to ensure that it is comprehensively
integrated into the ‘culture of the project or programme’. (Sepehri, 2010) However, the
project owner has little or no incentive to build in sustainable aspects in his project definition
(because they require more resources) and use sustainable methods during project
implementation (because it requires more/different kind of effort).
2.2

Sustainability and Project Management Roles

The concept of sustainability enters the business language at different speeds in different
parts of the world, with current and emerging values acting as breaks, gearboxes, or
accelerators. And that, as a result, our focus must not only be on the changes in technology
and management systems, but also on values and mind-sets. (Elkington, 1999) Turner (2010)
endorses this statement. He does not point towards business as a large, rather anonymous
group, but addresses all project management roles. He has looked into the responsibilities for
key players on projects and programs for the implementation of sustainable initiatives. He
argues that in project management, sustainability can be gained both in the product of the
project and in the process of delivering the product. He argues that no research has been done
as yet on responsibility for different participants on projects and programs for the
implementation of sustainability. However, using the principles of sustainability: (1) holistic
approach; (2) long term view; (3) large scale; (4) risk and uncertainty reduction; (5) values
and ethics; (6) participation (Gareis et al, 2009), coupled with a governance model for
projects and programs, suggests what may be the responsibility for some of the key players.
“The further development of the project management requires project managers to take
responsibility for sustainability”. (Silvius et al, 2012, p.2) Silvius et al (2012) state that the
responsibility for sustainability in projects rests with project managers as well as general
managers, project sponsors, project management office (PMO) leaders and other stakeholders
in the context of projects and that the area of integration of sustainability aspects differs:
3

The initiating, planning process groups provide opportunities for integrating the
concepts of sustainability into the content of the project.
The executing and controlling process groups provide opportunity for integrating the
concepts of sustainability in the process of the project.
Research method

In this part the research method is explained and validated. As mentioned in part two, the
research design is a logical plan from getting from here to there, where ‘here’ may be defined
as the initial set of questions to be answered, and ‘there’ is some set of conclusions (answers)
on these questions. (Yin, 2003)
The structure of this part is as follows, section 3.1 discusses the research design; section
3.2 discusses the case used in this research; section 3.3 discusses the data collection; and
section 3.4 discusses the how the results are analyzed.
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3.1 Research Design
For this research a case study design is chosen. Yin (2003) has defined a case study as an
empirical inquiry within its real-life context, particularly when the boundaries between
phenomena and context are not clearly evident.
The data collection strategy that is used is that first the survey composed and tested. Then
the projects were selected by talking to the program manager of the program Sustainable
Education of the University of Applied Science Utrecht. After the projects (the cases) were
selected, the PID’s of the projects were studied and the survey was send to the relevant
stakeholders of all three selected projects. After the survey data was collected and analysed a
focus group discussion on the findings of the survey was held to give more meaning to these
found findings. After the data-analysis a focus group discussion was held. The main purpose
of this focus group discussion was to confirm the findings.
3.2 The Case
In order to conduct empirical work in the form of a case study, a case and units of analysis
need to be selected. The three selected units of analysis are projects of the University of
Applied Sciences Utrecht (HU) (the case) and all have a sustainable connotation. In “Koers
2012+” (Heading for 2012+) the HU states that it is a knowledge organization where people
(students and staff) work towards innovation and professionalism of the work practice and
personal development of talent by high-quality education and research. With this the HU
wants to contribute to the social, cultural and economic development of an open, just and
sustainable society.
It is, however, not clear how the concepts of sustainability are integrated in projects and
project management at the HU, although almost every organizational division acknowledges
the importance and necessity of sustainability. (Janssen, 2011; Tenkink, sd)
The three selected projects (units of analysis) all fit within these three work programs:
accommodation connects, sustainable conduct of business (project mobility and paperless
office), and the turnaround (project sustainable monuments). The information about these
projects is derived from the plans of approach that are written for these projects by their
project manager.
3.3 Data Collection
The data is collected in two steps. First a survey was conducted amongst the participants
of the three units of analysis. This was followed by a focus group discussion after the data
from the survey was collected. In this section the survey and the focus group discussion are
discussed. The purpose of the survey is to fill the conceptual research model and to test the
assumptions that are made, with the answers that are given by the different project
management roles of the three units of analysis. The purpose of the focus group discussion is
to confirm and enrich the findings of the survey.
The survey is composed for the project management roles and therefore assumes that the
respondents have knowledge about the project management vocabulary. Therefore, only the
sustainability principles are explained. The survey consists of two parts. The first part
contains closed question where the respondents can make a choice on how much influence
the different project management roles have on a certain sustainability principle. These
questions are asked per sustainability principle and the respondents can make a choice
between the following answers: no influence, little influence, a lot of influence, all decisive
influence. The purpose of these questions is to fill in the conceptual research model and to
test whether the assumptions that are made hold any value. The second part contains open
questions. Here respondents are asked to give their examples of how the different project
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management roles can wield their influence to get the other project management roles to
adhere to the sustainability principles within the project process and the end result. The
purpose of this part of the survey is to get suggestions on how to operationalize the
sustainability principles and thereby give more value to the answers that were given in the
first part of the survey. Especially this final part is the subject of the focus group discussion
that is organized for all who filled out the survey.
The focus group was held for everyone who filled out the survey and was willing and able
to come. Four people joined the focus group discussion. As mentioned, the purpose of this
discussion was to validate and enrich the survey findings. In this meeting first the findings
were discussed in order to find out if everyone understands the results. After this discussion,
participants were asked to repeat the third part of the survey and give examples of how the
different roles in and around the project can wield their influence to adhere to the
sustainability principles. The answers to this question were discussed separately for each role.
3.4 Analysis Model
The analysis model consists of several consecutive steps. Before the researcher is able to
analyze the findings, these have to be presented and explained. The survey findings of the
second part of the survey are collected in Excel. Here all answers to the different questions
are counted up. By doing this the high scores for the perceived amount of influence of each
project governance role for each of the sustainability principles are made visible in several
bar charts. Then the findings can be analyzed by generalizing how much influence the
different project management roles are perceived to have regarding each sustainability
principle. Here, a distinction is made between three levels of influence:
-

-

-

A lot of influence – when respondents have assigned “all decisive influence” and “a
lot of influence” to a particular project governance role for a particular sustainability
principle.
Average influence – when respondents have assigned “a lot of influence” and “a little
influence” to a particular project governance role for a particular sustainability
principle.
Little influence – when respondents have assigned “little influence” and “no
influence” to a particular project governance role for a particular sustainability
principle.

After the “conceptual research model” has been filled it is to be compared to the
“conceptual research model: assumptions”. The differences between these two tables are also
analyzed. All these analyzed findings are discussed in the focus group. The outcomes of the
focus group discussion are analyzed and this analysis is incorporated in the final conclusions
and recommendations.
The findings are also presented per project. For this the survey findings of the second part
of the survey are also collected in Excel. Here all answers to the different questions are
counted up. By doing this the high scores for the perceived amount of influence of each
project governance role for each of the sustainability principles are made visible in several
bar charts.
4

FINDINGS

In this part the survey findings are presented. Section 4.1 discusses the main findings of
the survey, in section 4.2 the perception differences are discussed and section 4.3 discusses
how different roles can wield their influence.
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4.1 Survey Findings
When looking at the project management roles it is distinct that none of the roles is
perceived to have no influence or all decisive influence to adhere to any of the sustainability
principles. Although several roles are perceived to have no influence or all decisive influence
to adhere to some of the sustainability principles by some of the respondents.
The client/owner is perceived by most respondents to have a lot of influence to adhere to
all sustainability principles. Some of the respondents did perceive this role to have little
influence or an all decisive influence on the sustainability principles. None of the respondents
did perceive the client/owner to have a little influence to adhere to the sustainability principle
‘accountability’. So, this role is perceived to have a lot of influence (ten respondents) or all
decisive influence (five respondents). On the sustainability principles ‘long term view’ and
‘risk reduction’ respondents were unambiguous about the perceived amount of influence the
client/owner has. On the principle ‘long term view’, one respondent perceived this role to
have little influence to adhere to this principle, seven respondents perceived this role to have
a lot of influence and six respondents perceived this role to have an all decisive influence. On
the principle ‘risk reduction’, five respondents perceived this role to have little influence, five
respondents perceived him to have a lot of influence and two respondents perceived him to
have all decisive influence.
Five respondents perceived the program manager to have little influence, four perceived
him to have a lot of influence, four perceived him to have all decisive influence and one
perceived him to have little influence for the sustainability principle ‘large scale. For all other
sustainability principles, the program manager is perceived by most respondents to have a lot
of influence.
The sponsor is perceived by six respondents to have a little influence, by five respondents
to have a lot of influence and by three respondents to have all decisive influence on the
sustainability principle ‘long term view’. For ‘transparency’ the sponsor is perceived by six
respondents to have a little influence to adhere to this principle, by six respondents to have a
lot of influence, by two respondents to have all decisive influence and by one respondent to
have no influence. The sponsor is perceived by most respondents to have little influence to
adhere to the sustainability principles ‘large scale’, ‘risk reduction’, and ‘participation’. The
sponsor is believed by most respondents to have a lot of influence to adhere to the
sustainability principles ‘values and ethics’, ‘holistic approach’, ‘accountability’ and
‘stakeholder interest’. The project manager is perceived by most respondents to have a lot of
influence to adhere to the sustainability principles ‘values and ethics’, ‘holistic approach’,
‘long term view’, ‘participation’, ‘transparency’ and ‘stakeholder interest’.
The project manager is perceived by five respondents to have little influence to adhere to
the principle ‘large scale’, by four respondents to have a lot of influence, by three
respondents to have all decisive influence and by two respondents to have no influence. For
the sustainability principle ‘accountability’ the project manager is perceived by seven
respondents to have little influence and by seven other respondents to have a lot of influence.
The project manager is perceived by most respondents to have little influence on ‘risk
reduction’. For all other sustainability principles, the project manager is perceived to have a
lot of influence.
The (senior)user is perceived by eight respondents to have little influence to adhere to the
sustainability principle ’transparency’ and by seven respondents to have a lot of influence.
The (senior)user is perceived by most respondents to have a lot of influence on the
sustainability principles ‘values and ethics’, ‘holistic approach’, ‘long term view’ and
‘participation’. The (senior)user is perceived by most respondents to have little influence on
the sustainability principles ‘large scale’, ‘risk reduction’, ‘accountability’ and ‘stakeholder
interest’.
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The supplier is perceived six respondents to have little influence to adhere to the
sustainability principle ‘long term view’, by five respondents to have a lot of influence and by
two respondents to have no influence. For the ‘large scale’ the supplier is perceived by five
respondents to have little influence to adhere to this sustainability principle, by four to have
no influence and by three to have a lot of influence. The supplier is perceived by most
respondents to have a lot of influence to adhere to the sustainability principles ‘values and
ethics’ and ‘participation’. The supplier is perceived to have little influence to adhere to the
sustainability principles ‘holistic approach’, ‘risk reduction’, ‘accountability’, ‘transparency’
and ‘stakeholder interest’.
Finally, the team member is perceived by seven respondents to have little influence to
adhere to the sustainability principle ‘holistic approach’, and by six respondents to have a lot
of influence to adhere to this sustainability principle. The team member is perceived by most
respondents to have a lot of influence to adhere to the sustainability principles ‘values and
ethics ‘and ‘participation’. The team member is perceived by most respondents to have little
influence to adhere to the sustainability principles ‘long term view’, ‘large scale’, ‘risk
reduction’, ‘accountability’, ‘transparency’ and ‘stakeholder interest’.
4.2 Perception Differences
One other thing that is interesting to see is whether there is a difference in perception
between what amount of influence a project management roles allots to himself and what
amount of influence other roles allotted to him. 16 respondents filled out the survey. Here
those findings are discussed.
It appears that on the sustainability principle ‘values and ethics’ the (senior) user allots
himself less influence to adhere to this sustainability principles than the overall results show.
On ‘holistic approach’ the client/owner allots himself less influence and the sponsor, (senior)
user and supplier allot themselves with more influence to adhere to this sustainability
principle. On ‘long term view’ the client/owner allots himself less influence and the sponsor,
(senior) user, supplier and team member allot themselves with more influence to adhere to
this sustainability principle. On ‘large scale’ the sponsor, project manager, supplier and team
member allot themselves with more influence to adhere to this sustainability principle. On
‘risk reduction’ the client/owner allots himself less influence and the sponsor, project
manager, supplier and team member allot themselves with more influence to adhere to this
sustainability principle. On ‘participation’ the client/owner allots himself less influence and
the sponsor, project manager and supplier allot themselves with more influence to adhere to
this sustainability principle. On ‘accountability’ the sponsor, (senior) user, supplier and team
member allot themselves with more influence to adhere to this sustainability principle. On
‘transparency’ the client/owner allots himself less influence and the (senior) user, supplier
and team member allot themselves with more influence to adhere to this sustainability
principle. And finally on ‘stakeholder interest’ the client/owner allots himself less influence
and the sponsor, supplier and team member allot themselves with more influence to adhere to
this sustainability principle.
What stands out here is that he client/owner allots less influence to himself to adhere to the
sustainability principles than the overall picture shows. In addition, all other project
management roles, when deviating from the average, allot more influence to themselves to
adhere to the sustainability principles. The supplier allots himself more influence for almost
all sustainability principles.
4.3 How to Wield Influence
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In the third and last part of the survey, the respondents were asked to give examples of
how each project governance role can wield his influence to adhere to the sustainability
principles in the project management. The most important ways to wield influence by the
various project management roles are: show example behaviour; communication of
expectations; clear scope definition (starts in Business case); linking stakeholders; defining
‘people’, ‘planet’, and ‘profit’ (PPP) for the program; set clear pre-conditions; proactive risk
reduction: (1) consider PPP risks, (2) consider risks from stakeholder perspectives; start the
project with a sustainability workshop; define PPP for the project; develop sustainable
specifications for the project result; get involved in the project; offering knowledge (in
innovative markets); consider the whole chain, not just one link; act fair and responsible.
The findings on how to wield influence make clear that most influence should be wielded
in the early phases of the project. Expectations and wishes regarding sustainability should be
clearly stated in the project definition phase and the Business Case. From there, expectations
and wishes can be operationalized in the project plan and can subsequently be monitored
during the project. This does imply that all project management roles have or want to develop
sustainability competences in order to recognize and grasp sustainable opportunities in the
project.
5

Conclusions and analysis

This research shows that the different roles in and around a project are perceived to have
influence on adhering to the sustainability principles in the project. For a lot of principles,
some roles are perceived to have a lot of influence. This influence can, however, only be
wielded if the different roles have sufficient knowledge of sustainability in order to recognize
the sustainable opportunities offered or appearing in the project and they need the skills to
operationalize their knowledge and grasp the opportunity. This implies that both the
composition of the team and the competences of the individual team members are very
important.
The most important conclusion of this research however is that the project management
roles all can wield influence to adhering to the sustainability principles when they have
competences regarding sustainability. By having knowledge of sustainability, skills to
operationalize the knowledge and grasp opportunities and the attitude to show example
behaviour they can wield a lot of influence within their own scope of the project and
sometimes even beyond their own scope. The project stakeholders must be made aware of the
sustainability aspect of the project as early as possible. Thus, sustainability aspects must be
translated into criteria in the Business Case and from there on in other project documents as
well. The subject must be kept on the agenda and it must be part of the monitoring cycle.
Stakeholders must feel free to speak up and suggest (more) sustainable solutions. The most
important aspects of wielding influence are:
-

Becoming an expert on sustainability, develop sustainable competences;
Showing example behaviour, e.g. acting fair and responsible;
Good, clear and unambiguous communication about the sustainable results that need
to be achieved in the project’s process and its result;
- Thinking from the whole chain and not from one link;
- Using the available expertise on sustainability matters from the whole project
surroundings.
In other words, creating a sustainable project process and end result, is not so much about
creating a new project management method, but more about having the right competences
which enable you to be aware about the surroundings of the project. This means looking at
things in a holistic way since nothing does stand-alone in this world. But also, thinking about
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long-term results as well as short- and mid-term results. An organisation must maintain its
viability and that can only be achieved if these three time visions are in balance. Another
important thing is that we need to get people involved in what we are doing. We need to
communicate our (sustainable) goals, visions and strategies, in other words we need to
exercise good stakeholder management and be transparent about what we want to achieve
and what we actually are achieving. Keeping the dialogue open will enhance the
sustainability chances.
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Abstract. This paper describes the results of an evaluation of a workplace which is designed with a
very high level of user participation. In the case study, the users were engaged in participatory
briefing and design by using boundary objects. The boundary objects are shared objects, artefacts,
tools, models, and methods which, through further development, jointly establish a common context
and create a common understanding across community boundaries. ISO 9241-11 defines usability as
“the extent to which a system can be used by specified users to achieve specified goals with
effectiveness, efficiency and satisfaction in a specified context of use” (ISO 1998). In participatory
briefing and design, one aims at improving the end result (the actual workplace), and also at
developing the organisation and enabling the users to make the most out of their environment. The
workplace’s usability is investigated through a case study, conducted as action research. The case is
an operations centre located in mid-Norway, with responsibility for safe railway communication on
all national railway lines. The actual workplace is evaluated before renovation and after, by using a
questionnaire (KUNNE karakter) to all users, as well as interviews and group interviews with both
management and end-users. To analyse the effect of different types of work on assessment of usability,
we use the descriptions and knowledge of how the different units work, their work process and work
style, developed in the brief. How the workplace is assessed varies a lot between the different units,
and much of this can be explained by differences in work style. But the results also suggest that user
involvement, management of expectations, implementation and follow-up in use all impact on how the
user experiences the workplace.

KEYWORDS: Usability, evaluation, user participation, briefing
INTRODUCTION
Workplaces are built to support the user organization in performing its activities and
realizing its objectives and potential. At the same time, the workplace should provide healthy,
comfortable and enjoyable environments for the individuals that occupy them. In workplace
design and management, it is an interesting challenge to unite these perspectives.
Involvement of end-users, and focus on organizational benefits and objectives as well as
ways of working, are seen as possible ways to improve workplace design (Kernohan et al.,
1992; Gjersvik & Blakstad, 2004; Horgen et al., 1999; Våland, 2009; Våland, 2010; Blyth &
Worthington, 2010).
In this work, we have evaluated a workplace, before and after renovation. We have
utilized a case study in which we were commissioned to facilitate a briefing process with a
155

Siri Hunnes Blakstad, Kari Hovin Kjølle

high degree of user involvement. We were involved in action research, and together with the
users, we developed the brief and at the same time focused on new work practices after
moving into the new workplace; a network operation center, the OpCentre (Kjølle &
Blakstad, 2011).
Parallel to this work, we were involved in other research and development projects aiming
for improved usability of workplaces. We studied how the physical surroundings contribute
to efficiency, effectiveness, and satisfaction in the user organization. Usability is defined as
“the extent to which a system can be used by specified users to achieve specified goals with
effectiveness, efficiency and satisfaction in a specified context of use” (ISO 9241-11). In
many evaluations of user experiences we see that user groups or units assess the apparent
similar work environment very differently (Arge, 2006; Blakstad et al., 2009).
The OpCentre case provided us with information from briefing, describing the users’ work
practice, such as work style, culture and work processes. The workplace was also evaluated,
by using surveys and interviews, both before and after the renovation. The purpose of this
paper is to explore how the users’ perception of their office changes and is affected by the
process and the new office design, and to see if the information we have from the briefing
process about the work practice of different teams and units can explain differences in their
assessment of usability. We aim at exploring:
 Users’ assessment of usability before and after renovation
 The impact of different work practices on the users’ assessment of usability
We study the OpCentre case, utilizing our work on user involvement, briefing and design,
and discuss the case in relation to results from evaluation of the workplaces in use.
2 METHODS
The renovation of OpCentre’s facilities was carried out between December 2007 and
November 2009. The case was carried out as action research, aiming at cogeneration of
knowledge and development of new practice. Our action research approach is based on
Greenwood & Levin (2007), combining action, research and participation (Kjølle & Blakstad,
forthcoming). Action research is often described as a cyclical process with five phases:
diagnosis (define problem and cogenerate knowledge), planning and taking action, and
finally evaluation and specification of learning (Susman & Evered, 1978; Greenwood &
Levin, 2007). In this case, two researchers (the authors of this article) were involved through
“the whole circle”, from planning, briefing, preparing for the move and evaluation after
moving into the new premises. The survey for pre- and post-occupancy evaluation was
carried out by other researchers at SINTEF and Sentio.
In evaluations of usability, one aims at combining methods and perspectives (Blakstad et
al 2008). Our engagement with the project started out with a user survey, and with planning
the actions and interventions together with the management and representatives from the
OpCentre. The post-occupancy evaluation, using the same web-based survey, was carried out
approximately one year after moving into the new building. Group interviews with different
units were used as input to the brief. The main topic in these interviews was “a day at work”
(personal logs describing activities and occupancy patterns), work style, work process and
interaction. During the briefing process, several activities created input to the descriptions of
work process and -style. These were summed up in the functional brief (Kjølle & Blakstad,
2011).
The user survey (both pre- and post-) was based on the KUNNE questionnaire (KUNNE
karakter, 2006; Blakstad et al., 2009). The survey covered the following topics:
 How well the office supports individual and organizational needs (like
collaboration, concentration, knowledge sharing, e.g.)
156

Siri Hunnes Blakstad, Kari Hovin Kjølle







Functionality of spaces
Furniture and equipment
Indoor environment
Aesthetics and image
The process of developing and implementing new office solutions

In the post-survey, we also asked the users to estimate the amount of time they spend at
their desk or in other work settings. The web-based survey was sent to all employees in
OpCentre, 32 in total in the pre-survey and 34 in total in the post-survey. The response rate
was 100 % before and after renovation. For every statement or question, the respondents
could choose from 2 positive alternatives (e.g. Better / Much Better or Agree / Strongly
Agree) and 2 negative alternatives (e.g. Worse / Much Worse or Disagree / Strongly
Disagree) on a scale from 1 to 5. Respondents could also remain neutral (3). The results from
the survey was fed back to the users and discussed in workshops in October 2010. We have
not performed further statistical analysis of the results, only compared results from before and
after renovation.
The post occupancy evaluation also consisted of interviews with four end-users, the
manager, the client representative and the architect. Interviews were conducted 10 months
after moving into the new office. The semi-structured interviews were carried out by one of
the authors, who had also been involved in the participatory process and briefing. This type
of study provides us with in depth knowledge of a broad range of aspects in the case. We
acknowledge that it is challenging to conclude and generalize from one case, and a limited
sample size. Since the nature of the study is exploratory, our aim is to gain knowledge in
order to continue to study these aspects in more cases with larger samples.
3 WORK PRACTISE AND USABILITY
There are several reasons for involving users in briefing and design of new offices. The
most obvious is to ensure accordance between the activities and needs of the users and the
final design. Work practice is what people actually “do at work”. According to Davenport et
al. (2002), knowledge workers’ work patterns may vary enormously, and failing to give
freedom to creativity and autonomy by forcing a uniform workplace solution may inhibit
knowledge workers’ performance. Seen from a Facility Management perspective, on the
other hand, the drive has been towards flexibility, standardization, and uniform solutions. In
order to make “standardized variations”, attempts have been made to define “typical user
profiles”, or to classify different user needs according to work characteristics.
Gensler has described workrelated activities in four “workmodes”: “socialize”, “focus”,
“collaborate” and “learn” (Gensler, 2008). Duffy and his colleagues at DEGW used the
degree of autonomy and interaction to create 4 organizational types: “den”, “club”, “hive”
and “cell” (Duffy et al., 1998). Green & Myerson (2011) focus on mobility, the knowledge
workers’ interaction with their office, and develop 4 “character types”, ranging from low to
high mobility: “anchor”, “connector”, “gatherer” and “navigator”.
Steelcase have developed a framework based on expected differences between generations
in the workplace (Steelcase, 2006); “veterans”, “baby boomers”, “generation X” and
“millennials”. This way of thinking has been widely accepted by furniture suppliers, and has
lately been followed by a study focusing on the different generations’ use of technology
(Orangebox, 2012). But the actual effect of different generations has been debated (Joy &
Haynes, 2011; Bennett et al., 2012), and even shown to be less significant (Wong et al.,
2008).
In user-centered design the “personas method” is widely used (Chapman et al., 2008). A
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description of a persona is of a fictional person who represents a user / customer group. This
method has also been used for office design, e.g. for Microsoft’s Schiphol office. In a
Norwegian research project called the Knowledge Workplace, archetypes of work were used
to describe similar “typical users” (Gjersvik & Blakstad, 2004).
3.2 Usability evaluation
Buildings in use are seldom evaluated, and when post occupancy evaluations are carried
out, the focus is usually on topics related to indoor environment and/or the technical
condition of the building. Usability can be seen as a relationship between a user organization
and a facility within a “context of use” (Blakstad et al 2010). During the last decade, a large
amount of work has been performed to develop theory and methods about evaluation of
usability of buildings (e.g. Blakstad et al., 2008; Alexander, 2005; Alexander, 2008;
Alexander, 2010; Hansen et al 2011). Usability evaluations may be carried out for a number
of reasons:
 To improve existing buildings
 To give input when planning new buildings
 As a reference when choosing new premises
Methods that have been developed for evaluation of usability comprise of toolboxes with a
combination of qualitative and quantitative methods, USEtool (Blakstad et al., 2010b),
surveys for benchmarking, PROPAL (Kärnä, 2009), and customer journeys focused on users’
experiences in the building (Alho et al., 2008). One common factor for the Nordic work on
usability is the realization that one should put the most emphasis on users’ experiences and
on fulfillment of organizational goals (effectiveness), in order to assess the effect of the
environment on the users (Blakstad et al., 2010).
In evaluation of usability we have seen that it is difficult to separate effects of the social
factors and the “creation” of the workplace, and the relationship between the user and the
workplace, from actual effects of the physical workplace as such (Alexander 2010). User
involvement may create awareness and identification with the workplace (Våland 2010,
Fristedt and Ryd 2004, Horgen et al 1999, Kernohan et al 1992, ), but may also lead to
disappointment in cases where the limits to involvement and impact on the final product are
not clearly communicated to the users and expectations not managed (Blyth and Worthington
2010).
4 THE OPCENTRE CASE
The OpCentre is an operations center located in mid-Norway. They are responsible for
communications on all national railway lines. At the time of our study, the OpCentre was
divided into four divisions: the Management Unit, the Operations and Maintenance Centre,
the Support Centre, and the Network Supervision Centre. The OpCentre has been growing
rapidly, and it has been important to create and maintain a knowledge-intensive organization
concerned with good infrastructure, with focus on collaboration and knowledge sharing
among the employees. Even though their office was quite recently refurbished, they decided
to start developing a new office design. This was due to the fact that the existing office was
becoming too small, and that they had a vision about using their physical environment as a
catalyst for development and change. They focused on how the new office solution could
support their present and future work processes, knowledge sharing, and teamwork.
Management also voiced objectives related to identity and image, and the company’s profile,
as well as developing culture in a period with rapid growth.
In the case study, different forms of boundary objects (Star, 2010; Star & Griesemer,
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1989) were tested by the user groups. Several methods and tools such as workshops, plays,
development of common PowerPoint documents, were used. These acted as boundary objects
between the users, management and the researchers, and led to a high degree of awareness
among the users (Kjølle & Blakstad, 2011).
5 FINDINGS, USABILITY AND WORKPRACTICE
Comparisons of results from the pre- and post- occupancy web survey show improvements
on most aspects. Table 1 outlines the results for the first topic in the survey, namely support
of individual and organizational needs. We see that users feel that there is improvement when
it comes to sharing of knowledge and cooperation, while it is more difficult to concentrate in
the new solution. Results have improved the most on statements on seeking advice from
colleagues, ensuring quality of each other’s work, cooperation and knowledge sharing,
discussing work and working together.
Table 1: Survey results before / after, individual and organizational needs.

How well the office supports individual needs
(how well does the office cover your need for):
Confidential conversations
Conversations with clients / suppliers
Concentrated work
Sharing of knowledge
Cooperation in own department / unit
Follow up on progress on tasks
Cooperation with other departments and units
Training
Satisfaction with own workplace
Overall satisfaction with office
How well the office support organizational needs
(how well do you feel that the office supports you in):
Share knowledge and experiences
Stay technically updated
Deliver quality work
Be creative at work
Cooperate
Discuss work
Mutual quality assurance
Ask for advice from others
Know who to ask for advice
Train new employees
Keep informed about what is going on
Take care of each other

before

after

2.7
2.9
2.8
3.3
3.2
2.9
2.7
2.5

3.4
3.4
2.5
4.2
4.1
3.6
3.4
3.2
3.3
3.2

0.7
0.5
-0.3
0.9
0.9
0.7
0.9
0.7

3.9
3.6
3.4
3.4
4.0
4.0
3.7
4.1
3.7
3.4
3.1
3.8

0.6
0.6
0.1

2.8

3.3
3.0
3.3
3.2
3.4
2.9
3.3
3.6
2.9
3.0
3.4

0.4

0.8
0.6
0.8
0.8
0.1
0.5
0.1
0.4

When it comes to functionality (how the different spaces / rooms fulfill their purpose), we
also see that the users have become more positive on all aspects, and especially in relation to
meeting places, but they report very low satisfaction on special functions like spaces for
concentration, telephone calls and creativity. Overall, the survey show positive results, but
based on the extensive user involvement and focus on briefing, one might expect the users’
assessment of the new office to have improved more. The survey results were followed up
with interviews and workshops, which uncovered several aspects related to usability in the
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new office.
Most of the issues that led to dissatisfaction was either related to a gap between what was
planned and what was built, works that were not finalized, and lack of commitment and plans
for implementation and continuous maintenance of the solution. All respondents points to the
fact that some of the solutions are not finalized. This is related both to missing furniture and
equipment, and to half-finished construction work.
The aesthetic qualities, materials and finish, were very high in the old office solution.
Even though the users knew that the new office would be less exclusive, this is seen as a
disappointment. In the new office, one tried to compensate for this by planning one space
with higher quality. This part of the project was, however, never finished. Another issue that
disappoints the users is the lack of colors and “playful elements”, which were not introduced
as intended.
In the last stages of the design process it was decided that the OpCentre would get less
space than they initially planned for. This was due to actions taken from central management
and corporate real estate. This meant that some of the functions that were described in the
brief were cancelled (such as space for creativity, projects, sports / play and concentration),
and that others, such as the “phone booths”, were reduced in number and size.
Another issue that was identified in the interviews was that due to new technology (a new
communication service offered by OpCentre), one suddenly needed much more space for
storage. This was not anticipated in the briefing process. Instead of finding space for proper
storage, the items are stored in the corridor, in the restroom, e.g.
In the old office, the units were distributed on different floors. One of the main objectives
for the new office was to gather everyone at the same floor, in proximity to each other. In the
survey, the most positive changes are related to sharing of knowledge and cooperation. This
is confirmed by the respondents in the interviews. One explains that in the old office they
used to call each other instead of meeting face to face: “… and the way we are sitting today,
we just get up and walk to meet each other. And now we just have mobiles… It used to be
much easier to call; to call “down” or “up”. But now people walk. They just walk to see if
they can find them. And today, when people get up to get coffee, they take the whole “circle”
around the office to meet the others”. And seen from the manager: “I think it is positive that
the organization has become very open and transparent… Because we sit in an open
landscape, everyone is very visible.”
We have analyzed the results from the post occupancy survey based on age, organizational
unit and position in the landscape (in team, by window, next to communication route). We
found that the youngest (25 to 40 years) are a bit more positive on all aspects than their older
colleagues (41 to 60 years). Employees sitting in the proximity of a communication route
assess all aspects lower than their colleagues.
5.1 Workpractice and usability
In our analysis of results according to organizational unit, we noticed a difference between
units on several statements. Employees working in management, administration or support
were more positive on almost all aspects than employees in network supervision, operation
and maintenance. This is also reflected in the answers to the question: Overall, how satisfied
are you with the office? There are two positive groups; the Support Center (3.8) and
Management and Administration (3.8), and two less satisfied groups; Network Supervision
Centre (3) and Operations and Maintenance (2.9)
In the survey, we requested the users to estimate the time they spend in different work
settings. Management and Administration and Support Centre estimate that they are more
“nomadic”. They spend less time at their desk (59% and 63% at own workdesk), and more
time in meetings and other settings, than the other departments (Maintenance and Operations
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71%, Network Supervision Centre 88%). We wanted to look more closely at these results,
comparing the survey results to the work practices, processes and activities the units have
described in the briefing process.
Network Supervision Centre
The NSC described their work in the briefing process as very focused on operational
problem-solving and supervision of the network. They work 24/7 and the NSC is manned
with at least 3 people around the clock. In addition to regular employees, they have contract
workers in the Centre, who need to be trained and included in the team. All employees have
at least 5 large screens on their desk. Small and large incidents in the network happen all the
time. When large incidents occur, they involve many colleagues from other units at the
OpCentre. For this purpose, there is a strategy room available next to the NSC. In the briefing
process, the representatives from NSC wanted a special layout that enabled them to see each
other face to face and at the same time see their desktop screens. During the process it was
decided that they should have a larger screen on the wall, and due to the dimensions of the
room, they then lost eye contact. Another important aspect from the brief was to separate the
NSC acoustically from the rest of the space. This was done with a glaze wall.
The employees in the Network Supervision Centre report lower satisfaction on almost all
aspects than the Service Centre and Management and Administration, but slightly better
overall results than Operation and Maintenance. One clear exception is «training of new
employees», which received the highest scores from the NSC. The rates for temperature (1.6)
and air quality (1.9) are significantly lower than the other groups. This could be due to the
fact that the Centre is working 24/7, and is using the building outside normal office hours.
This is later confirmed in the interviews and the workshop: The temperature in the building is
too low at night, and there is no local temperature control to compensate for this in NSC’s
space. Some of the employees also miss additional artificial lighting for work at night.
Employees in the center are also less satisfied with the actual space they are working in
(proportions view and colors). The furniture and dimensions of the room does not match their
expectations and does not enable them to see each other face to face. In the old situation, the
main challenge for the NCS was centralized position with noise from the common and social
areas. In the new office, the NCS is situated behind a glazed wall. They experience less noise
and interruptions from colleagues than before, but they still feel “monitored” in their glaze
box. In the survey, their rating of concentration (2.7) is much better than employees in
Operation and Maintenance (1.8), but slightly below the two other departments.
The Support Centre
The SC receives all requests from users of OpCentre’s systems. They support users on
telephone or e-mail. Most of the activities are individual, but they rely on the competence of
the whole group and learn from observing each other in real time. The SC was located in an
open office solution also in the old office. One of the employees in SC was very important in
the relocation process, and became a “champion” for the process. His positive attitude to the
new solution was very important for the project, and may have influenced his co-workers to
take responsibility and ownership as well.
The employees in Support Centre are among the most satisfied with the new office on
most aspects, with only Management and Administration having higher overall results. They
are the only group that rates the new office on the positive side, above 3 (3.1), for
concentration. And they give the highest scores for physical aspects of the new workspace,
such as daylight (4.3), lighting (4.3) and air quality (4.2).
In the interviews, the SC expresses satisfaction with their workplaces. They have even
used the new flexi-rooms (small multipurpose spaces) to introduce Scrum meetings (a stand161
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up meeting). Every morning they get together, standing, in one of the flexi-rooms and go
through news and the day’s activities. The meeting lasts maximum 5 minutes.
Respondents in the SC do, however, voice a concern over the last stages of the process.
Local and central management were not aligned, and local decisions in the project were
changed. This meant that some of the solutions that were developed, were not implemented,
and also resulted in lack of responsibility in the project to finish all details and take
ownership in use. Employees at the SC took responsibility for making the most out of the
situation. Thus, they are more aware of the details that were never finished, than some of the
other groups. This is reflected in the interviews, where they are very negative to
implementation and use of the workplace.
Operations and Maintenance Centre
OMC plan and perform operations and maintenance of the systems that OpCentre provide.
Many of the tasks are individual, and they claim that they spend most of their time at their
desk. They spend a lot of time on the phone. There are different subgroups within OMC.
These used to work in “silos”, and were located in team-offices (2-3 persons in one cellular
office) on different floors in the old office solution. During the briefing process, the most
important thing for the OPC was to be located with all the subgroups together. At the same
time, the staff at OMC held the most negative attitudes towards the open landscape solution.
This persists, and is also mentioned in the interviews and the workshop. In the new office,
their workshop and storage is one floor down from the office, and OMC employees also
spend some time there.
Operations and Maintenance give the lowest overall scores, and are the least satisfied on
most aspects in the survey. One exception from this is sharing of knowledge, where
Operations and Maintenance give the highest scores (4.2) and lighting and view (3.9, same as
Support Centre). In the interviews, OMC claim that their work is individual, and that they
don’t benefit so much from sitting in an open office. At the same time, co-location of all
OMC staff was important for them in the relocation process. In the new office, they are
sitting together, and they are located at the place with the best view and daylight.
From the interviews and the workshop it becomes evident that OMC suffers from the
unfinished and unsuitable telephone rooms, and complain about noise from phone calls. They
also lack facilities for video meetings (regular meetings with Oslo). On the other hand, some
of the other units observe that their colleagues in OMC are more integrated in the whole
department after the relocation. When they go to get coffee, they interact and talk to their
colleagues more than they used to.
Management and Administration
In the briefing process, the managers had clear objectives related to knowledge sharing,
development of common culture and identity. When describing their own needs, they focused
much on the same issues. They both perform concentration work, and desired a high degree
of interaction with each other as a management team and with their respective units. They
have many meetings. Sometimes they handle sensitive information. The managers were
located in cellular offices before the relocation. After the move, they are located together as a
team in the open plan office, together with administrative resources.
The survey shows that the employees in Management and Administration are the most
positive group on almost all aspects. The main exception from this is knowledge sharing,
creativity and quality of work, where they report “average” results, and behind (value 3.8)
both Support Center (4) and Operation and Maintenance (4,2) on sharing of knowledge. In
the other end of the scale, a remarkable result is that they report that the office makes them
proud to work for OpCentre (4.3), which is much higher than the others (3.2, 3 and 3.3).
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In the interviews, both managers and administrative staff reflect on the changes in
leadership in the new solution. They claim that the dialogue has changed and become more
direct and to “the point”. “I think that the dialogue is better. You have to discuss issues right
away, instead of «storing it» for later. … He (the manager) sees things straight away if there
is something wrong”. The management has become more visible. On the other hand,
sensitive issues have become more difficult to handle. In order to talk to the manager in
private, one has to ask him to go to a flexi-room.
One of the administrative resources was afraid that she would be “overloaded” in the open
landscape. In the old situation, she was located in a cellular office, and there was often a
“queue” outside her office. But after the move, she experienced that the pressure on her was
released: “They see that I am busy – so they go somewhere else for a while and come back
when I am ready”.
The management group experience that they work more integrated than before. “Seen
from the management group, I have experienced sitting so close to NN and NN. We are very
rapidly synchronized when we get new information. Of course we have to choose what to
discuss in the open landscape, but we can also use a flexi-room or a meeting room for
sensitive topics”.
6 CONCLUSIONS
We set out to investigate the effect of the new workplace for OpCentre, and to see if there
was a change in the users’ assessment of usability before and after renovation. The survey
results showed improvement in almost all dimensions. However, the extensive user
involvement and the efforts to create a purposeful work environment taken into account, one
could have expected even better results. There is a variation in how the different units assess
different statements in the survey. We expected this could be due to differences in work
practice. We analyzed this for all 4 units, utilizing the survey results, and information from
briefing and post occupancy interviews and workshops. We found that the differences most
likely are related to a set of different aspects, and that how the different units actually work,
is only one of them. Our result points to several factors that influence the users’ usability
assessment in this case:
 How they work (work practice)
 Their involvement in the process (engagement and ownership)
 The match between expectations from the process and the actual solutions
(management of expectations)
 Implementation and follow-up in use
We have not been able to answer how much of the differences in usability assessments
that is due to differences in work practice. The result of this study is based on one case, and
the survey on a relatively small simple size. This limits the possibilities for analysis and
generalization of results. The study is exploratory in nature. Still, we claim that our results
indicate that there is a strong link between what users do and their experiences of usability in
their work environment. But we also see that other issues are important for how the users
experience their environment. More research is needed to gain deeper knowledge about the
relation between usability of the workplace and work practice, user involvement,
management of expectations, and implementation in use.
One of the objectives for the project was to build a new identity, and to be located
together. These overall objectives are to a large degree fulfilled, something that is also
acknowledged by the respondents in the interviews. An interesting issue for further research
would be to see if the fulfillment of these overall goals was so high on the management’s
agenda that they assess both the process and the results better than the rest of the
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organization.
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Abstract. Based on the theoretical approaches of Triple Helix and Complex Products and Systems
(CoPS), this paper will explore the nature of agency, governance and innovation in two different types
of delivery systems with regard to mobilising private financing of public goods. This paper will report
on the preliminary results of an on-going comparative analysis of two exemplary cases of complex
construction projects from Denmark and France. The type of innovations at play in the two cases
towards mobilising private financing of public goods can be characterised as organisational and
process innovations. When it comes to agency, this paper will argue that the two cases represent a
transformation of conventional agency on procurement of construction services through the
establishment of two new organisational innovations: a Special Purpose Vehicle in the French case
and a public-owned private developing organisation in the Danish case. Finally this paper will argue
that the governance processes between construction business, government and academia in the Triple
Helix will predominantly take place through three main types of processes: policy processes, business
processes and learning processes.
KEYWORDS: Sustainable construction, public-private partnerships, triple helix, complex
products and systems
1 INTRODUCTION
In recent years, attempts have been made by national agencies and the European
Commission to stimulate innovation through (public) procurement of complex products and
systems like construction, e-health etc. as a supplement to supply-side innovation strategies.
Obviously, construction clients will play a crucial role in the implementation of such a
procurement-driven innovation strategy.
A core element in procurement is the provision of funding by the demand-side of
construction. Thus, the introduction of organisational innovations for the provision of private
funding for public projects may shed light on the deeper dynamics of change and continuity
in construction and real estate business. The INSEP case in France and the UN City case in
Denmark represent two different examples of organisational innovations for the provision of
private funding of public projects through either a public-private partnership (PPP) or the
establishment of a private developer organisation but with full public ownership.
Based on the theoretical approaches of Complex Products and Systems (CoPS) and Triple
Helix along with exemplary case studies of two complex projects, the objective of this paper
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is to explore the character of agency, governance and innovation in two different types of
delivery systems with regard to mobilising private financing of public goods. More
specifically, this paper will analyse the business, policy and learning processes that shape the
Triple Helix of construction business, government and academia.
2 RESEARCH METHODOLOGY
2.1 Unit of analysis: Complex products and systems (CoPS)
Hobday (1998, 2000a, 2000b) introduced the term complex products and systems (CoPS)
and emphasises CoPS as the primary unit of analysis for innovation, management and
competition analysis rather than the single firm. Hobday (1998: 689) argues that the
dynamics of innovation in CoPS are likely to differ from mass-produced commodity goods
due to its distinctive characteristics as being highly customised, engineering-intensive goods,
which often require several producers to work together simultaneously. Hobday (2000a: 691693) identifies a set of indicators of critical factors, which defines the complexity of a CoPS
such as the quantity of tailored components and sub-systems, the hierarchical manner in
which they are integrated, the degree of technological novelty of the CoPS in question, and
the variety of knowledge bases included in the CoPS. In addition, user involvement in
innovation tends to be high, and suppliers, regulators and professional bodies tend to work
together with users ex-ante to negotiate new product designs, methods of production and
post-delivery innovations. Markets are often bureaucratically administered in contrast to
commodity goods, which are characterised by arms-length market transactions. Examples of
CoPS include a range of buildings and constructions, aircraft, ships, telecommunications
networks and a range of military equipment like missile systems and battle tanks (Caldwell et
al., 2009).
2.2 Theoretical framework
In line with the work on CoPS, Gann & Salter (2000) provides an analytical framework
for understanding the construction industry as a business embedded in a context of both
policy-making (regulatory and institutional framework) and knowledge production (technical
support infrastructure). Although Gann & Salter (2000) does not directly draw on the Triple
Helix approach, their very attention to the combined network of regulatory and institutional
framework, business actors and activities as well as technical support infrastructure has a
strong resemblance to the Triple Helix approach with its focus on government, business and
academia.
In contrast to other models like the national innovation system approach, the Triple Helix
model stresses the complex dynamics of innovation and focuses on the partly overlapping
networks of communication and expectations that shape the institutional arrangements
between universities, industries and public authorities (Etzkowitz & Leydesdorff, 2000: 109).
In the Triple Helix model universities, governments and industry are conceptualised on a par
as intertwined spirals with different relationships to each other. The spirals are however
rarely equal: typically one of these acts as a driving force or “innovation organiser” around
which the other spirals orbits. The sources of innovation in a Triple Helix configuration is
thus not given in advance or singularly located within businesses. Rather, they emerge and
develop at multiple sites in the network of relationships that generates a diversity of strategies
and projects that create added value through constant reorganisation of the underlying
structure. These are the dynamics of the Triple Helix, which creates innovation (Etzkowitz,
2003).
The analytical model applied in this study is shown in Figure 1. Inspired by the Triple
Helix approach, Haugbølle et al. (2012) has elaborated and extended the model developed by
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Gann & Salter (2000) in two ways. First, they distinguish between building owners and
building users in their extended analytical model. Second, they suggest that the interactions
between the various actors and activities in construction is not limited to knowledge flows as
indicated by Gann & Salter (2000), but rather that these interactions take place through policy
processes, business processes and learning processes linking government (box in grey),
business (boxes in grey) and academia (box in white) together.

Figure 1: Analytical model. Source: (Haugbølle et al 2012: 452).

2.3 Methods
This study is based on a case study design (Yin, 2009). It should be noted that this article
presents preliminary observations and conclusions from an on-going comparative research
project in Denmark and France. The study includes two cases that are considered to be
exemplary due to their characteristics (see Flyvbjerg, 1991 for an extended discussion on
different types of cases):
The cases represent state-of-the-art when it comes to mobilising private financing of
public goods.
The facilities represent complex product and systems due to their size, geometry,
location, extensive safety protocols etc.
The construction projects represent complexity not only in relation to the product but
also the process, in particular when it comes to the organisational setup of the client.
The methods for collecting and analysing data include analysis of documentary material,
interviews, building site visits, public presentations of the projects and for the Danish case
also a number of assigned student reports from a course on construction management.
3 CONSTRUCTION BUSINESS SYSTEMS IN DENMARK AND FRANCE
There are a number of notable similarities and differences between the Danish and the
French construction business systems.
As in most mature markets in the developed world, the construction market for
refurbishment in both Denmark and France is by and large of the same size as the market for
new buildings.
The business structure, and thus the position of the main actors of the building process,
differs between Denmark and France. The Danish building process shares many of the same
characteristics as the professional system in UK, which is dominated by consultants. This is
quite different from the French industrialised system where contractors are more dominant
(Levring & Bonke, 1996; Winch & Campagnac, 1995; Winch, 2000; Carassus, 2005).
Contrary to France, a Bureau de Contrôle does not exist in Denmark and insurance
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companies play a much more secluded role in the Danish building process compared to the
French building process, where construction insurance plays a significant role (Söderberg et
al., 2004). However, two building defects funds have been established in Denmark in the
1980s within the social housing sector and the refurbishment of elderly multi-storey
dwellings in order to inspect buildings for defects and provide insurance cover.
The typical procurement protocols in both countries are traditional (or trade) contracting,
main (or general) contracting and design-build contracting. Contracts in Denmark are
typically based on agreed documents on general conditions for consulting services, works and
supplies, and design-build contracting. It is mandatory for publicly supported clients to
follow the agreed documents, whereas private clients are free to choose whatever
procurement protocol they deem fit. In practice, the agreed documents with some
modifications form the bulk of construction contracts in Denmark (Levring & Bonke, 1996).
Similar agreed documents exist in France.
Integrated delivery mechanisms including private financing of public projects have
developed along quite different paths. In recent years, much attention is being paid to
integrated delivery mechanisms in Denmark. This has led to a hybrid practice of design-build
contracting – by some practitioners termed “controlled design-build contracting” – in which
the client exercises a greater influence on the design than is usual for the ordinary designbuild contract. The client makes the initial contact to a design team for a conceptual design,
which is then followed by a slightly adapted design-build contract where the client retains
some degree of control of the design (Söderberg et al. 2004; Levring & Bonke, 1996).
In Denmark, the development of new delivery mechanisms has been supported by a
number of subsequent development programmes: Project New Ways of Collaboration,
Clients Create Value (in Danish, Bygherren skaber Værdi), and the PLUS network
(Partnering, Learning, Development, Collaboration). The diffusion of integrated delivery
mechanisms has been championed by the public authorities and certain key actors in the
building process like the contractor NCC. Today, partnering has become a fairly widely used
delivery mechanism, while the concept of energy-service companies (ESCO) is still in its
infancy and mechanisms like public-private partnerships and integrated procurement are
seldom used (see e.g. Larsen et al. (eds.), 2010).
France has a long experience in private finance procurement within mainly infrastructure
projects, more specifically road construction. Public authorities grant specific rights to a
private partner to construct, maintain and operate the infrastructure for a given period. The
private partner operates the service at his own risk and is remunerated in the form of a fee
paid by the users of the service. Owing to this experience, French companies working in this
market have developed strong capabilities to design and construct roads to operate, maintain
and finance the infrastructure during its life cycle.
Only a limited number of buildings have been delivered under this form of procurement.
Indeed, according to French Act no 85.704 of 12 July 1985, the public client generally drafts
two different contracts with the architect, respectively the contractor. Design, build and
operate (DBO) is possible, but the client has to demonstrate that it is less expensive or
technically necessary. However, finance cannot be transferred to the private partner as a
concession.
In June 2004 a new law was passed, which proposed a complementary framework. It
introduced the partnership contract (“Contrat de partenariat”). Under this new scheme,
design, build, finance and operation could be transferred to private partners. The partnership
contract has become the most used public-private partnership (PPP) contract. At the end of
June 2012, 122 contracts were signed. This change of the regulatory framework has
encouraged the major French contractors to develop new operational service capabilities in
order to maintain, operate and upgrade buildings through their life cycle. Their strategy has
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been two-fold. First, the contractors used the PFI market in the UK to develop facilities
management capabilities and to acquire knowledge on the different stages of a building’s life
cycle. Second, based on this experience the general contractors have been awarded most of
the French partnership contracts.
4 INTRODUCING THE CASE STUDIES
4.1 Denmark: UN City
The metropolitan area of Copenhagen is growing rapidly. At the same time heavy industry
is disappearing from the harbour area of Copenhagen, which frees new areas for urban
development. One of the most prominent areas is the Northern Harbour of Copenhagen (in
Danish: Nordhavnen).
One of the first developments to take place in the Northern Harbour is the establishment of
the UN City at the Marble Pier (in Danish: Marmormolen). The local plan of the Marble Pier
includes 23,000 m2 of office buildings, 28,000 m2 of housing, a hotel of 25,000 m2, 45,000
m2 for the UN City and 58,000 m2 for the so-called LM Project (By og Havn, 2009).
The intention behind the UN City is to establish a joint headquarters for some 1,100-1,200
employees from the seven, soon to be eight, United Nations agencies presently dispersed
around the city of Copenhagen. The UN City consists of two campuses at the Northern
Harbour of Copenhagen. Campus 1 encompasses the new administration building for the UN
and is situated on the Marble Pier in the harbour of Copenhagen. The building will be
constructed as a star-shaped building with eight points with a gross floor area of 45,000 m2
and around 8,000 m2 of extra basement. The new domicile will be constructed in two phases
to be concluded at the beginning of 2013 respectively the beginning of 2014. Campus 2
includes a warehouse, which will handle goods for UNICEF for development and emergency
projects around the world. The warehouse was ready for moving in at the beginning of 2012.
The warehouse holds a capacity of close to 40,000 m3 in a fully automated high bay
warehouse.
The development of the Northern Harbour is carried out by the developer CPH City Port
and Development I/S in collaboration with the Municipality of Copenhagen. CPH City Port
and Development was established by law in October 2007 and is owned 55 % by the
Municipality of Copenhagen and 45 % by the Danish government (ownership is exercised
through the Ministry of Transport). CPH City Port and Development is responsible for the
development of the properties owned in Ørestad and the harbour area of Copenhagen along
with the operation of the port activities through the subsidiary Copenhagen Malmö Port
(CMP). The company is required to carry out its activities on ordinary commercial bases, for
example through the sale of building rights.
The ownership of the UN City has changed several times, but it is now owned by a
consortium of CPH City Port and Development and two private pension funds. CPH City
Port and Development is the building client and the letting office of the property. The
Ministry of Foreign Affairs will be the lease-holder with a long-term lease, while the UN
representations are the actual users of the UN City. On behalf of the UN representations, the
Ministry of Foreign Affairs has hired two consultants to assist the user organisations. As is
customary for UN representations, the nation hosting the UN representation will make
properties available to the UN representations and pay the lease.
The new UN City has been designed by one of the leading Danish architectural firms 3XN
A/S, who were also involved in creating the master plan for the Marble Pier, which formed
the backdrop for the local plan. The consulting engineers are Leif Hansen Rådgivende
Ingeniører A/S, who merged with Orbicon during the project period.
The detailed design and construction work was undertaken as a design-build contract.
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After a pre-qualification round, six contractors were selected for participation in the limited
tender in 2010, which was based on the economically-most-advantageous tender and
followed the European regulation on public tendering (Public Sector Procurement Directive,
Council Directive 2004/18/EC). The contractor E. Pihl & Søn A/S won the tender. Part of the
tendering requirement was the obligation of the contractor to incorporate the consultancy
team. Later the contractor was also appointed the design-build contractor for extension (phase
2) of the UN City after the tender had been cancelled due to too high tenders.
4.2 France: INSEP
The French National Institute of Sport and Physical Education (INSEP) brings together a
large number of top-level athletes specialising in a wide range of sports. The institute is the
training centre for the French sports elite and is located in the forest Bois de Vincennes west
of Paris. About half of the medals gained by the French athletes at the Olympic Games (16
out of 33 in 2004, 21 out of 40 in 2008 and 19 out of 34 in 2012) were won by athletes
trained at INSEP.
In 2005, the Ministry of Sport decided to renovate INSEP. Two different public
procurement schemes were used: First, the renovation of the southern section was carried out
under a public management contract with the Ministry of Sport as client. Indeed, the sport
facilities were closely linked to INSEP’s core activity and mission: the training and coaching
of elite athletes. Consequently INSEP was considered the best to handle the risks associated
with the management of the sport facilities. Second, a public private partnership tender
proposal was retained for the renovation, maintenance and operation of the northern section.
Before choosing this solution, public authorities had to prove that the solution offered value
for money. A comparison with the conventional public procurement process option was
necessary. The cost of the deal was about 8 % less than the cost of continuing public sector
provision. Moreover, the risks of cost overruns and longer delivery time were more
pronounced for traditional procurements. Since the delivery deadline set to enable the
preparation of athletes for the 2008 – 2012 Olympic Games was crucial and the complexity
of the renovation was high, a partnership contract was considered the most suitable solution.
It also favoured sharing of responsibilities between the public and the private sector.
The partnership contract was awarded in December 2006 to a consortium consisting of
three large companies. It was the first national partnership contract signed in France. It
concerned the renovation, maintenance and operation of the buildings for thirty years and the
delivery of services (hotels, catering, cleaning etc.). The renovation costs reached 102 million
EUR and the annual payment was 12 million EUR.
The renovation works began in June 2007 and was concluded in January 2010. Since the
renovation project was completed, the private Special Purpose Vehicle company has now
been in charge of the maintenance and operation of the buildings for the entire term of the
contract and the delivery of services. Conversely, INSEP as a public institution can refocus
its activities on its core business: the training and coaching of athletes.
Among the positive experiences, all actors indicate that the service quality is better than
before. For example the mail desk is open 8-22 instead of 7-12 plus 14-17. The reception
desk also lengthened its opening hours. New services were created for people who come to
INSEP for short training period (such as a luggage room).
To monitor the consortium output specifications were integrated to the contract. The key
performance indicators (KPI) are usually the backbone of such contract. However some
monitoring procedures were not adapted. At the beginning, it took more than half a day to
monitor the quality of the cleaning because every room was inspected. Therefore both parties
agreed to modify their approach and reduce the number of KPI from 276 to 153 in order to
improve the efficiency of the monitoring procedure and enforce the contract.
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Despite the formal contract signed between the partners, several changes occurred during
the renovation and operation of the buildings. INSEP asked for additional services once the
partnership contract had been awarded. For example, a balneotherapy complex was
introduced, and the architecture of the R&D lab was modified after the recruitment of a new
manager. Moreover, contractual services were not adapted to the day-to-day life of the
residents. Thus a “swap” was organised. For example, it was decided to discontinue the
cleaning on Sundays in order to avoid waking up the youths too early in the morning. The
spared time was used for other cleaning activities that were not specified in the contract.
Consequently, services were modified but the financial perimeter of the contract was kept
unchanged. It also appears that some services were not well specified. For example, the
company in charge of cleaning the outdoor areas was faced with a serious problem in
December 2010 when heavy snow hit Paris and its suburbs. Nothing was indicated in the
contract about the frequency of this duty. Thus, the company spent a lot of time cleaning the
streets of the site, in the process making the company staff unavailable to perform other
contractual tasks.
5 ANALYSIS AND DISCUSSION
The two cases represent two different types of delivery systems when it comes to
mobilising private financing of public goods. The two cases are analysed and discussed in
relation to three themes that public procurers needs to be aware of when changing delivery
system: innovation, agency and governance. For an overview of the differences and
similarities between the two different types of partnerships, see Table 1.
Table 1: Overview of two types of partnerships as delivery systems.

INNOVATION
AGENCY

GOVERNANCE

Type of
innovation
Client
organisation
Supplier
Policy
processes
Business
processes

Learning
processes

PUBLIC-PRIVATE
PARTNERSHIP

PARTNERSHIP (I/S)

INSEP
Organisational
Process
Public agency

UN CITY
Organisational

Integrated – Special Purpose
Vehicle (SPV)
Link to national objectives
Public/private comparator
Contrat de Partenariat
Limited time of ownership
SPV funding and rent
Emergent practice and
business relations
No direct R&D interaction
International lessons

Publicly owned private
developer
Separate parties
Link to national objectives
Legal binding framework
Developing organisation
Infinite time of ownership
Sale of building rights and rent
Reproduction of practices and
typical business relations
No direct R&D interaction
International lessons

5.1 Type of innovation
In line with the definitions provided by OECD & Eurostat (2005), a process innovation
“…is the implementation of a new or significantly improved production or delivery method.
This includes significant changes in techniques, equipment and/or software." (OECD &
Eurostat 2005: 49). Further, an organisational innovation “…is the implementation of a new
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organisational method in the firm’s business practices, workplace organisation or external
relations." (OECD & Eurostat 2005: 51). While the Danish case exhibits the characteristics of
an organisational innovation, the French case is more complex. On one hand, the INSEP case
represents an example of an organisational innovation in line with the Danish case. However,
the INSEP case also displays elements of being a process innovation with its emphasis on
creating a new delivery method through the new organisational innovation of an SPV.
5.2 Agency
The roles and responsibilities of the agents in the two cases diverge both on the demand
side and on the supply side. The client role in the French case is executed by a public agency,
while the client in the Danish case is a private developer – but fully owned by the
government and the Municipality of Copenhagen as a partnership (in Danish
“interessentskab” abbreviated I/S).
Being the largest developer and land owner of the most attractive sites in Copenhagen,
CPH City Port and Development I/S plays an extremely important role in the development of
Copenhagen. Although the developer is publicly owned and has to comply with a range of
public regulations (e.g. on public tendering procedures), the company is effectively operating
as a private company. The company is required by law to carry out its activities on ordinary
commercial bases, for example through the sale of building rights. Although board members
of CPH City Port and Development I/S are appointed by the government and municipality,
the developer is operating at arm’s length from the political system without the usual direct
democratic control of public organisations and with a more narrow economic scope.
Despite the formal contract signed between the partners in the French case, several
modifications were implemented during the renovation and operation of the buildings. Indeed
as it is suggested by the literature, complete contracts taking everything into account cannot
be written. But this is not just a purely contractual issue, but also a behavioural issue. The
public authority tended to adopt the behaviour of traditional public owners: INSEP asked for
new or modified services once the partnership contract was awarded. Even if these
modifications did not have financial consequences, each of them required several approvals
by the public agency, which was considered time consuming by the private consortium.
The supply side is organised differently. In the Danish case, the various services were
delivered by separate parties with individual contracts: financing was obtained through
arrangements with private investors, and construction was done by consultants and
contractors. In this respect, financing and executing the building project followed traditional
pathways. Further, the operation of the facility will follow a traditional lease.
In the French case, the delivery of services is in principle done by a Special Purpose
Vehicle (SPV), where renovation, operation, maintenance and financing are in principle
united. In practice, the situation is somewhat different. Within the consortium, the company
in charge of hospitality issues coordinates the helpdesk, but it does not have discretionary
powers towards the other members of the consortium. On several occasions, the public users
have criticised the role of the coordinator since he was not always able to provide direct
answers to day-to-day problems. As a coordinator, he simply transferred the questions to the
appointed companies. Thus, this way of organising the consortium hindered communication
and created a supplementary administrative layer between INSEP and the companies working
on the site. However according to the coordinator, it would have been possible to have a
company in charge of managing the other members of the consortium: but the cost of the
final bid would have been higher.
To the satisfaction of all involved parties, the transfer of agency to the public-private
partnership was capable of dealing with delays of construction in a smoother manner than
typical for French public procurement, because the consortia takes over the risk. When
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asbestos was found in one of the buildings, the consortia managed to reduce the delay to one
month. Under traditional public procurement, the delay would have reached a minimum of
six months because the works would have been stopped, and the client would have modified
the initial contract with the contractor.
5.3 Governance – policy, business and learning processes
Turning towards governance, the governance processes within and around the project will
be characterised in line with the model developed by Haugbølle et al. (2012) based on the
work of Gann & Salter (2000). Below, the policy processes, business processes and learning
processes will be dealt with in turn.
The policy processes predominantly take place between the regulatory and institutional
framework on one hand and businesses on the other hand. These policy processes between
the project and its environment is characterised by: 1) provision of public goods by reference
to national objectives, 2) provision of a legal framework for developing the site, and 3)
privatisation of public policy.
The first policy process is related to the provision of public goods by reference to broader
national objectives towards international competition. In the French case, argumentative force
was created by making strong references to the national objectives of winning medals and
honour at the upcoming Olympic Games. Similarly in the Danish case, the political ambition
of maintaining and expanding Copenhagen as the sixth largest location for UN activities was
one of the driving forces behind the establishment of the UN City.
The second policy process is related to the commodification of public goods. In the French
case, this commodification took place through a systematic comparison of the delivery by a
private or public supplier. The core tool in this respect was a public/private comparator of
economics. In the actual Danish case, the commodification took place through the
establishment of a legally binding framework for exploiting the building rights in the
Northern Harbour based on a specific parliamentary act supplied by the usual institutionalised
provisions of the Planning Act.
The third policy process is concerned with the privatisation of public policies through the
establishment of a Special Purpose Vehicle or a partnership between the government and the
municipality to establish a private developing organisation fully owned by the public as a
partnership. In France, the establishment of the “Contrat de Partenariat” was based on the
French experiences from road construction in particular and the UK experiences with publicprivate partnerships or previously the Private Finance Initiative (Barlow & Köberle-Gaiser,
2008). This act paved the way for private contractors to deliver services for the public sector
through Special Purpose Vehicles (SPV). In the Danish case, the establishment of a
partnership between the government and the local municipality by a parliamentary act led to
the formation of a fully publicly owned developing organisation, which operates on a
commercial basis to provide public goods. In both the French and the Danish case, public
authorities are effectively relegating decision-making authority to private actors. As such,
both the SPV and the partnership between government and municipality is the epitome of
what Pedersen et al. (1992) has coined the privatisation of public politics.
Turning from policy processes towards business processes, the business processes along
the property market and the construction market are characterised by differences and
similarities along 1) ownership, 2) cash flows, and 3) contractual forms.
While the time of ownership in the French case is limited to 30 years, the time of
ownership in the Danish case is in principle infinite. However, the contract period of the lease
in the Danish case is limited to 15 years respectively 25 years for Campus 1 and Campus 2.
In the French case, the winning SPV has taken over the right and duty to maintain and
operate the facility for 30 years before handing it back to INSEP. The financing for the
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renovation and upgrading of the INSEP facility is provided by the SPV, while INSEP pay
rent to the SPV. In the Danish case, financing is provided through the sale of building rights
to private investors, who can (and did) pass on the ownership to new investors. The
contractual arrangements of building the facility are very typical of conventional
procurement. The subsequent operation and maintenance is financed through the rent paid by
the lease-holder.
The Danish case study has illuminated the reproduction of typical business relations
between the actors in the building process. Despite the complexity on the demand side and
the extraordinary security and confidentiality issues involved in building for United Nations,
the procurement procedures have been fairly conventional in its application of a design
contract and subsequent design-build contract. Part of the tendering requirement included the
obligation of the winning contractor to take over the contract with the design team in what
may be labelled a “controlled design-build” contract.
The French case illuminates a somewhat different path of an emergent practice and
business relations. Despite the extensive contractual arrangements including a vast range of
key performance indicators, several adjustments and modifications were needed due to the
limitations and incompleteness of contracts. Further, adaptations of practices on both the
supply side and the demand side were required in order to cope with the potential
accentuation of conflicts between procurer and provider.
Moving on from business processes to learning processes, the two cases illustrate how the
two different delivery systems induce similar learning processes with regard to 1) direct
learning from academia, and 2) the importance of international lessons.
Both cases illustrate that direct learning and interaction with academia hardly takes place
in actual construction projects. This is not to say that academia does not have a role to play
for example in providing professional training, but interaction with academia takes place
retrospectively and on the initiative of engaged researchers, not because construction
practitioners have taken a lead, despite the fact that both cases in various ways represent
state-of-the-art.
One remarkable observation from both cases is the importance of learning from
international expertise. In the French case, the tenderers have explicitly built on past
experience of public-private partnerships in United Kingdom and road construction in France.
In the Danish case, international certification schemes on sustainability like the American
LEED system and the European Green Building charter have played a prominent role in the
design of the UN City. In both cases, local interpretations and adaptations were required to
translate international experience into local circumstances.
6 CONCLUSION
This paper has reported on the preliminary results of an on-going comparative analysis of
two cases from Denmark and France, which represent two different types of partnerships as
delivery systems for mobilising private financing of public goods. The paper addresses three
themes: innovation, agency and governance.
The paper characterises the type of innovations at play in the two cases towards mobilising
private financing of public goods. The establishment of a private developer with full public
ownership is in itself a rather unique organisational innovation, while the financing as well as
the procurement of construction services is quite conventional. The French INSEP represents
not only an organisational innovation when it comes to the establishment of a Special
Purpose Vehicle but also induces a process innovation towards delivering financing and
operation of the sports facilities.
With regard to agency, this paper has argued that the two cases represent a transformation
of conventional agency on the procurement of construction services through the
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establishment of two new organisational innovations: the Special Purpose Vehicle in the
French case and the private developing organisation owned by the public in the Danish case.
Taking the construction client as an analytical starting point, this paper has further argued
that the governance processes of the Triple Helix between construction business, government
and academia predominantly take place through three main types of processes: policy
processes, business processes and learning processes.
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Abstract. Norway introduced a new project governance system in 2000. The system was
introduced in response to the huge cost overrun of large public investment projects in the
country. In 2005 the system was developed further to include a new quality assurance
procedure with several goals: to ensure the selection of the right project concept, to consider
the relevance of new project initiatives, and to consider the value of the money that will be
invested on public projects. In this regard, there is evidence from different sources to indicate
there have been improvements in project concept selection and decision-making procedures
for public investment projects in Norway. Stage gate approval processes and procedures
have been established in the political arena; checks and balances are fixed at the different
stages of the project development process; and independent consultants are employed at two
critical decision gates to ensure the quality of the decision basis. The Ministry of Finance is
set as a quality gatekeeper in the processes of project concept selection and cost control. The
role of the Government and Parliament is clearly indicated in the decision-making process.
On the other hand, there is evidence that might indicate weakness in this project governance
system. The system has not set requirements that demand participation of the public and
other stakeholders in the early stages of problem analysis; rather the demand for the
participation of these parties comes late––in the project study phase. Discussions and
negotiations between top-down project initiators (national government, provinces, and
municipalities) and bottom-up thinkers (public, environmental groups, and others) about the
problem and the impacts of the project initiative are not set as important decision criteria in
the project concept selection process. Instead, results of the planning process and the
national government interests are used as the criteria for decision-making on project
initiatives.
Key words: Effective project governance, participation, relevance, sustainability, stage gate
approval process, Quality assurance system
1. INTRODUCTION
According to Peder Berg, Deputy Director General of the Ministry of Finance, ‘Poor
engineering and management, unrealistic budgets, scope changes at late stages, cost overruns
and critical delays have been characteristic features of many big investment projects in a
number of countries. Historically, there have been quite a few examples in Norway too’,
(DNV, 2007). Similarly, Professor Knut Samset, research director on the Concept research
program, outlined some major public investment projects in Norway that are controversial
and less successful. According to Samset, the Oslo Opera House is not a successful project
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because it has no strategic perspective; the regional aviation control center is a redundant
project, and the Northern onshore torpedo battery project is useless (Samset, 2006). These
projects have been implemented, but according to Samset they are not relevant and have no
sustainable positive effects, and they should have never been implemented.
In order to avoid similar problems happening in future and to improve the success of
public investment projects in Norway, the Norwegian front-end project governance system
was established. Initially, the main objective of the quality assurance was cost control, but in
2005 the scope of the system expanded to include the early-stage project concept selection
process. Since then the governance of major public investment projects in Norway has
developed to a stage gate quality approval process which specifies key decision points and
decision-makers along the project development process, and the criteria to be met in order to
proceed from one step to the other. This stage gate approval process extends from the choice
of project concept to the final decision to finance the project, so that the Cabinet and the
Parliament controls the decision-making process.
Klakegg (2009) presents the Norwegian project governance system as a control system. It
is organized with rules, structure, and processes in which information about the project is
developed, the quality of information is evaluated, and then decisions are made considering
the information from the evaluation. The system has been active since that time and all major
public investment projects that demand funding from the Ministry of Finance are developed
according to those rules and procedures. The problem considered in this paper is: What kind
of effects does this project governance system bring in the public investment projects
development process of Norway? The paper reviews different findings of the researchers on
the Norwegian project system and discusses: Does the quality assurance (QA) system help to
improve the project concept selection process? Do decision-makers, at the higher level,
receive relevant and reliable information about the problems and alternative solutions? Does
the arrangement of the QA system address the issues of relevance and sustainability of
projects?
2. METHODOLOGY
This paper is prepared based on a qualitative conceptual review and one-on-one
interviews with two key researchers of the Norwegian quality assurance system (QA). The
interviewees are only two because they are key researchers of the Norwegian quality
assurance system and I believe that they have enough information regarding the questions
which I need to address in this paper. Various publications relating to the Norwegian quality
assurance system and the author’s similar researches in the Netherlands and Ethiopia are used
as an input for the research. Different publications of the Concept research program and
several works of different authors on the theme are reviewed and used to answer the research
questions when it is appropriate. In addition, several conceptual literatures on the governance
requirements for relevance and sustainability of projects are reviewed and used as a
background to discuss the Norwegian quality assurance system.
3. EFFECTIVE PROJECT GOVERNANCE
In recent years, effective project governance––setting the right objectives, asking the
right questions, choosing the right project concept, and making the right decisions––has been
described as the most important requirement for developing successful public investment
projects (Mosaic undated, O’Leary, 2012). In this regard, considerable research have been
made in different countries and various problems that are related to project preparation and
decision-making processes are identified as causes for low success rate of projects. For
instance, in UK, NAO and OGC have conducted research and listed eight common causes of

179

Asmamaw T. Shiferaw

projects running into difficulties. Absence of a clear link between the project and key
strategies/policies, lack of political commitment and ownership from senior management,
lack of participation of stakeholders, and inadequate resources and skills are at the top of the
list (UK treasury, 2007). One way or the other these factors are facets of project governance
(Garland, 2009). According to Garland, even though it is difficult to know the exact extent to
which ineffective project governance can be said to be the cause for a project failure, but it is
possible to understand that project governance might be a significant contributing factor.
There are also other problems that result in failure of projects where project governance
might be the underlying cause. Some of the problems could be managed by implementing a
project governance framework that addresses those problems. The extent to which the project
governance framework could solve those problems is one of the measures of its effectiveness
(Garland, 2009). According to Mosaic (undated), Klakegg (2010) and Garland (2009), to be
effective, a project governance framework must be clear in its objective; it must facilitate the
process of decision-making; there must be accountability and clarity of accountability; there
must be a clear difference between the governance structure and the organization structure; it
must ensure that the relevant stakeholders are part of the process; and it must support
efficient and effective project initiation.
According to Garland (2009), with an effective project governance system, a project
initiative could be implemented successfully, and ineffective project governance could
predispose a project to failure. Therefore, it is important to know the key elements of
effective project governance. The key elements of effective project governance that are
required to select and implement the right projects include: stage gate approval process,
collective decision-making, quality assurance system, stakeholders’ representation, formal
roles and responsibilities among different stakeholders, and contracts and sign-offs (O’Leary,
2012, Narayanan and Robert, 2012). Mosaic (undated) adds the rules and procedures for
making decisions, strategic framework needed to select the ‘right’ projects, and building the
right set of skills as key elements for an effective governance system. Today, several
governments are reforming their project governance systems to encompass regular reviews of
major public investment projects. However, achieving effective project governance and
control remains difficult (Weaver, 2005). Therefore, increasing understanding of the different
project governance systems could be helpful for all stakeholders in the process of project
development and to learn from best practice (Samset, 2008).
4. GOVERNANCE REQUIREMENTS FOR THE RELEVANCE OF PROJECTS
4.1 Problem identification
A clearly specified list of problems is the most suitable basis for identifying potential
solutions, and a valid problem analysis is essential in order to determine whether the
proposed alternative is legitimate. Priemus (2007) underlines the general need for problem
analysis at the outset of a solution development process. According to Priemus, the first
question that should be asked at the start of the process is: What is/are the problem/s? And
then what is the problem now and in the short term and in the long run? Who is affected by
the problem? This should be done by broad participation of stakeholders and take account of
their interests. A generally shared problem analysis enhances the possibility that the selected
alternative will still be endorsed by everyone at a later stage.
4.2 Participation
The active involvement of stakeholders (national government, regional authorities,
municipalities, lobby groups, statutory bodies, and the public) could be either information
provision, consultation, deciding together, or acting together. Participation of relevant
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stakeholders is important to identify the problem, improve the relevance of the plan, develop
a common understanding, raise awareness, and overcome future conflicts (Innes and Booher,
2004). It is also important in determining the objectives of the project, searching and
evaluating alternatives, choosing the preferred alternative, and implementation.
4.3 Aligning needs and priorities of the public with project objectives
The alignment of the project purpose/objective with the needs and priorities of the public
is an important governance requirement to ensure the relevance of the project. ‘Relevance of
the project’ refers to the objectives of the project, and concerns the extent to which objectives
are aligned with the needs and priorities of the users (Samset and Volden 2012, Klakegg,
2010). In the case of public investment projects, to ensure the relevance of the project
initiative, objectives of projects should be consistent with the needs and priorities of the
society (Samset, 2003), and it should be consistent, realistic and verifiable based on the needs
of the society (Christensen, 2011). Through participation, the needs and priorities of the
society can be identified and the objectives of the proposal agreed.
4.4 Aligning project objective with strategy
It is important that the project purpose is aligned with the organizational strategy
(O’Leary, 2012). Projects are policy implementation tools, and one means by which policies
are put into practice. Therefore, objectives of public projects should be aligned with policies.
To ensure the relevance of the project, public investment project initiatives should be
subjected to questioning along this line and decision makers should examine the relationship
between projects, public needs and policies before making decisions (Shiferaw and Klakegg,
2012).
4.5 Alternative analysis
Identifying, designing and screening options are crucial steps in the project development
process. However, it has been indicated that alternatives are seldom generated and worked
out at the early phase of the project development process (Priemus, 2007). According to
Priemus, often the solution or final project precedes the problem analysis and this was the
source of project failure. In order to keep the relevance of the project and succeed in the
future, various alternatives must be prepared in the early phase to create plenty of scope
based on the formulated problem, and according to the objectives, values, criteria,
boundaries, and constraints set by relevant stakeholder.
5. GOVERNANCE REQUIREMENTS FOR SUSTAINABILITY
Kemp et al. (2005) discuss governance requirements for sustainability based on the
following four key features.
5.1 Policy integration
The integration of policies at the national or regional level might work by bringing sectoral
policy fields into some sort of coherence. Integration of the policies of stakeholders at
different levels is important for sustainability, because sustainability requires policy
integration, good communication and consensus between stakeholders (OECD, 2002).
Individual policy responses for the challenges of sustainability at different levels are not
effective; rather it is useful to have more vertical integration of policies at the national and
sub-national levels of government, and horizontally between different sectors.
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5.2 Common objectives, criteria, trade-off rules, and indicators
Structural changes that accommodate mandatory requirements to impose a sustainabilityoriented framework are important. These include revising the arrangement of different
sectoral offices that have common objectives, revising the planning and decision-making
processes; engaging multiple governance institutions and local communities to meet the
needs of the present and future society; implementing process-oriented tools such as longterm shared sustainability objectives; developing common criteria for planning and decisionmaking. Specifying rules for making trade-offs and compromises, and developing widely
accepted indicators of needs for action and progress towards sustainability, are beneficial in
the long run.
5.3 Information
There are several policy instruments such as regulations, rules, laws and processes that
address the issues of sustainability. There are also different assessment tools and processes to
evaluate the project initiatives based on these policy instruments. The aim of the evaluation
process should be to deliver the right information to the decision-makers regarding the social,
ecological and economic values of projects and their associated impacts. Often, in the initial
phase of project development process, uncertainty is high and the amount of reliable
information is small (Samset and Gro, 2012). To ensure the reliability and quality of the
information on which the decision will be based at the front end, carefully integrated,
monitored and adjusted applications of multiple tools are necessary. Further, there should be
a system to determine whether the information is meaningful to the decision-makers.
However, as Deelstra et al. (2003) elaborate, there is a weak link between the available
information and decision-making. To overcome this problem, a governance framework
should be developed with a system to link the right information to the decision-makers, and
the decision makers should look at the information before making their decisions.
5.4 Programs for system innovation
Governance for sustainability has to be more proactive, future-oriented towards the long term
using visions of sustainability, and be concerned with learning, innovation and adaptation
(Kemp et al., 2005). In this regard, project governance for sustainability should evolve new
linkages, new knowledge, new rules and procedures, and new organizations to identify,
nature, and coordinate actions for more sustainable solutions.
6. REVIEW OF THE NORWEGIAN PROJECT GOVERNANCE SYSTEM
In Norway, major public investment projects are initiated by different sectors of the national
government or provinces, and they are implemented if the Parliament approves the proposals.
However, as explained in the introduction, in some cases there were problems in addressing
the key needs and priorities of the public and in selecting projects that have sustainable
effects. As the solution to the identified problems, and to attain a structured and effective
front-end project governance system, the Norwegian project governance system was
established at the higher political level. Figure 1 indicates the summary of problems in hand
and the expected desired situation when the project governance system was established in
Norway.
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Figure 1: Present situation and desired situation

To achieve the desired situations shown, a new front-end project governance framework
was established. The framework contains elements of a stage gate approval process, a quality
assurance system, and details of duties and responsibilities of important parties (project
initiators, independent consultants, Ministry of Finance, the Cabinet and Parliament). The
framework is structured with two decision gates where documents from the project initiators
are checked and decisions could be made regarding the project concept and the project study
documents. According to this project governance system, responsible ministries are expected
to provide a particular emphasis towards the front end of the project development process,
particularly on project concept development, identifying and testing alternatives, and
preparing project cost estimates, and evaluating uncertainties that are related to the identified
project concept alternatives. In the process, documentation from the project initiators will be
scrutinized by independent consultants that are employed by the Ministry of Finance
(Concept, undated). These consultants are crucial elements of the quality assurance system
(Christensen, 2011); but decisions on the preferred project concept and on the project budget
are political priorities for the Cabinet and Parliament respectively.
Klakegg (2010) describes the Norwegian project governance system as a top-down
initiative that aims to reform the government’s projects preparation processes. The objective
is to improve the quality of information of the project documents and to keep the consistency
between the information and decisions (Samset et al., 2006, Christensen, 2011). It also aims
to improve the classic unrealistic technocratic model and complex processes (Samset, 2008,
Klakegg, 2009). This new project governance system does not interfere with the existing
project preparation procedures and process of the project initiators (Ministry offices); rather it
is a new initiative that focuses on refining the quality of the information for the choice project
concept and project study documents. The most important rationale of the initiative is
increasing political control on key decision points, developing a better basis for decisions,
focusing on relevant issues not on details, and anchoring the stage gate approval process
(Samset et al., 2006).
7. QUALITY ASSURANCE SYSTEM (QA) AS A GOVERNANCE SYSTEM
This section presents the Norwegian QA system as a project governance system. How the
QA system works as a decision-making system; and it presents the processes and procedures
that are developed to enable that.
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Klakegg (2009) describes the Norwegian QA system as a control measure, because it is
established to avoid wrong projects—projects that are not relevant, do not have sustainable
effects, and have high cost overrun. To accomplish these tasks, as shown in Figure 2, the
Norwegian quality assurance system is organized with two quality decision gates (QA1 and
QA2), and two front-end phases (pre-study and pre-project study phases).

Figure 2: The Norwegian QA system (Concept undated, Samset et.al 2006, Christensen, 2011)

The QA system has also mandatory requirements that all ministry offices have to fulfill
when they submit project proposals and project documents to one of the independent
consultants under the supervision of Ministry of Finance. It is also important to note that the
consultants’ role is limited in this process. Consultants are required to review only the quality
of the project documents based on the pre-defined requirements (Samset et al., 2006).
7.1 Quality assurance gate 1 (QA1)
QA1 focuses on the choice of project concept. QA1 is performed before the Cabinet
makes a decision on the preferred project concept, i.e. before the start of a pre-project or the
feasibility phase (Christensen, 2011). According to Concept (undated), the purpose of QA1
is to ensure that the chosen project concept alternative is the one with the highest economic
return. After the assessment, a decision will be made on the preferred project concept.
According to Samset (2008), the choice of the project concept is the most important decision
in the project life cycle and it should be made with due diligence, because this decision will
determine viability and utility of a project, and the extent to which the public funds are being
used effectively.
The QA1 assessment includes the project’s relevance in relation to needs and priorities of
the public and the affected stakeholders; checking that the project’s objective is well defined;
checking whether the requirements are aligned with the project’s goal/purpose; and the
availability of at least two alternative concepts (Concept, undated).
7.2 Quality assurance gate 2 (QA2)
QA2 is performed at the end of the pre-project phase. The main objective of the
assessment is improving the quality of the decision bases, most importantly cost estimates
and uncertainties before the parliamentary decision to finance the preferred alternative
(Concept, undated). Samset et al. (2006) describes QA2 as a final checking point to test the

184

Asmamaw T. Shiferaw

appropriateness of the project budget, and partly a skimming system to predict the future
managerial uncertainties. It is also used as a control during the project implementation phase.
According to Samset (2008), the bases for QA2 decisions include the documents of QA1,
the overall project management document, a complete base estimate for costs, and an
assessment of at least two alternative contract strategies. After the assessment of QA2, the
independent consultants of QA2 are expected to come up with recommendations on the cost
frame including necessary contingency reserves, and the direction on how the project should
be managed and organized to ensure the successful implementation (Concept, undated).
8. DISCUSSION
Does the QA system help to improve the project concept selection process?
The Norwegian project governance system is not started specifically to improve the
project concept selection process of sectors, and there is no intention of interfering with the
existing project preparation processes of the ministry offices. Rather, the system is developed
as a mandatory controlling framework and anchored at the higher political level. After the
implementation of the system, it is believed that expectations are developed among the
stakeholders and that could improve the performance. For instance, stakeholders’
expectations rise from the fact that the project is analyzed and decision to plan is made, and
actors expect to be scrutinized and they improve their performance.
The process of a new public investment project development starts from the ministry
offices or provinces. In most cases, the triggering conditions to start a new project are
problems and the need for solutions. However, as it was before the QA system, after the
implementation of QA system the ministry offices and provinces are in full control of the
project starting phase, particularly the problem definition and the assessment of the triggering
conditions. The only other party that might be involved at this stage is the project promoters.
Then, based on the problem analysis of the ministry offices, the need for a new project will
be developed to project concept by agencies—government organizations for developing and
implementing projects. The agencies develop the project concept with possible alternatives,
and the suggestions of regulators (local and central) are expected to be taken into account.
The developed project concept alternatives are then sent to the third party, independent
consultants (QA1 consultants), for quality review. The QA1 consultants review the concept
alternatives based on predefined quality assessment requirements. Essentially the consultants
review the relevance of the project initiative based on the needs of society, and review the
purpose and goal of the initiative. The uncertainties and the cost–benefit analyses of
alternatives are also part of the evaluation. Finally, the consultants give their recommendation
and the Cabinet makes a decision on the preferred project concept.
If a project concept does not satisfy the requirements, however, the documents will be
returned to the project initiator for further review. If the Cabinet decides to proceed, the
project detail study will be done by the agencies under the supervision of the project
initiators. This implies that the mandatory requirements and expectations of the QA system
place project initiators under an obligation to take into consideration the requirements of the
QA system when preparing projects.
There are still few points that might prove to be the weakness of the system. For instance,
in the starting of the process, when the problems are discussed or when the triggering
conditions are assessed, the requirements are not clear. At the start phase (when the problems
and the triggering conditions discussed), participation of stakeholders (discussion,
negotiations and consensus) is very important to keep the relevance of the project, but it is
not set as a requirement in the QA system. Of course, the Norwegian planning legislation
does require participation but it is practiced late in project study phase. Each ministry
identifies the problems (the triggering conditions). In this scenario, there is a probability that
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ministry offices may try to have their projects placed on the government’s agenda while
looking at the problems (triggering conditions) only from their own perspective. As problems
are often perceived differently by different parties, the solution should not be a one way
communication, from government to citizens. As Innes and Booher (2004) describes it should
be a multi-dimensional model where dialog, learning and action are joined together and
where the polity, interests and citizenry co-evolve. When relevant parties are invited for
discussion and when they are involved in the problem definition phase, the process for
project development begins from a common basis. However, this shared definition of the
problems is lacking in the Norwegian QA system.
A generally participatory problem analysis enhances the possibility that the selected
alternative will still be endorsed by everyone at a later stage. Therefore, an additional gate at
the front, maybe gate QA0, and some regulatory requirements are essential to ensure the
legitimacy of the triggering conditions. That will refine more the project concept selection
process, and ultimately the success of projects in Norway.
Do decision-makers at the higher level receive relevant information about the problems
and alternative solutions?
In the qualifying process of project concept documents, the four most important parties
involved in the process (as shown in Figure 3) are: ministry offices, independent consultants,
Ministry of Finance and the Cabinet. Often ministry offices are interested in implementing
projects, and they keep pushing to get a ‘Go’ decision for their project proposals. On the
other hand, the Ministry of Finance is responsible for financial issues and is concerned about
the value of the money they are investing, and they will agree on project initiatives only if
these are valuable in relation to the predefined requirements. The consultants are independent
institutions and they recommend a project proposal after assessing whether it is well-thoughtout in terms of the evaluation requirements. Consulting offices evaluate project initiatives
based on independent evidence and they criticize project proposals through logical stand; and
normally they are expected not to be enthusiastic. Therefore, in this process consulting
offices play a ‘gatekeeper’ role, because they have a mandate to say this is a good project and
this is not a good project in relation to the predefined requirements. These are important
suggestions in the project development process.
Finally the Cabinet will decide ‘Go’ or ‘No go’ to the project study phase. The Cabinet is
expected to make decisions after considering the information from independent consultants
(looking at the relevance of the project, the cost–benefit analysis and legitimacy, and the
alignment of project purpose with strategy). Of course it is good to note here that the decision
on project concept may be influenced by the political priorities, because in the development
of public investment projects the government strategies and policies play a major role.
As shown in Figure 3, after the Cabinet makes a decision on the preferred project concept
alternative, the project study will start. At the project study phase, the responsible ministry
and the agency will prepare the project documents. Costs, benefits, and contract strategies
and other requirements will be fulfilled and the project document will be sent to the
independent consultants. The independent consultants will review the project documents on
the basis of predefined requirements. They review project costs and recommend a cost
framework, provisions for uncertainties, project organization and management, contract
strategy, and proposals regarding simplifications and reductions to the Parliament. Finally,
the Parliament will make a Go/No go decision—an implementation decision.
Therefore, after the establishment of the QA system, decision makers are getting
relatively relevant processed information on board about the problems and the proposed
solutions; there is also expectation for processed information from the decision makers; and
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there is a high probability that the information can be used as an input in the decision-making
process.

Figure 3: Project development process according to the Norwegian QA system
Does the arrangement of the QA system address the issues of relevance and
sustainability of projects?
Within the Norwegian QA system, there are checks and balances between the ministry
offices and the consultants and the decision-makers. Important requirements that are used to
select a new project concept are predefined, and it has been decided that every ministry
should prepare project concept alternatives taking into consideration the predefined
requirements. When a new project is initiated, it has become mandatory to check whether the
project is needed by the stakeholders and the affected parties, the project goal and purpose are
clearly specified, the reliability of the project is checked, and the costs and benefits of
alternatives are prepared (Concept, undated). These are known requirements of governance
that are used to ensure the relevance of a project.
To ensure the relevance of projects, the involvement of relevant stakeholders in the early
phase is important but as we discussed in the first question, the need for the active
participation of stakeholders at the outset is not set as a requirement in the QA system. How
could the general public and the affected parties have a say in the early phase of problem
analysis and solution development processes? This is a question that needs more
requirements in the QA system. Of course, the public and other affected parties are to be
invited for comment during the project study phase, and there are involvements between QA1
and QA2, but I believe that is too late because they are invited to participate in an already
defined project.
Traditionally it is common that stakeholders such as public institutions, the public,
regulators, and other parties depending on the project type are involved in the project study
phase, in which the national government already has a certain preferred alternative. However,
because of problems that are associated with the relevance of projects, a more contemporary
view is that stakeholders should be actively consulted at an earlier stage.
This implies that effective participation of the public, and other stakeholders, and the
administration in the early stage of problem definition will have a positive effect in ensuring
the relevance of the project. In addition, it helps to reduce the occurrence of the possible
potential conflicts at the later stage. Amado et al. (2010) recommends the participation of
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relevant stakeholders at the outset, because participation is a major factor in the efficiency of
the planning process and ultimately for the sustainability of the project positive effects.
In particular, open public involvement in the early phase leads to a better basis for
decisions, as it will allow for local knowledge to be used in the preparation of plans, projects,
and decisions. This kind of knowledge and additional information provides a broader
opportunity to discover and consider alternative solutions. Lack of participation requirements
in the early phase of the QA system, might reduce the relevance of the project, and there will
be information that would not be considered in decision-making. The proposal here is that
participation of important stakeholders should be called in the early phase, and the problem
definition and the project concept selection process should be inclusive.
On the other hand, in the QA system, the front-end cost–benefit analysis is made to focus
on economic issues. Concept Research program (undated) describes the purpose of QA1 only
in relation to economic issues—ensuring the higher economic return. However, the early
phase assessments of social and environmental issues are not presented equivalently as
requirement. Unless all three dimensions of sustainability are treated from the beginning, the
sustainability of the positive effects of the solution could be affected. The social and
environmental values of a project, and its cost and impact, should be addressed qualitatively
and/or quantitatively from the early phase. Therefore, for better assessment of project
initiatives, the QA system needs more requirements on social and environmental issues as
well as on the economic return.
As discussed above, public discourse and other stakeholder discussions are also
important requirements at the very outset, to get the commitment of stakeholders. The more
the participation, the more use of knowledge and information from a wide variety of sources
and experiences, the more likely it is that innovative ideas from the participants will be
mobilized (Woltjer, 2009). In this regard, the Norwegian quality assurance system needs
more attention directed towards the social and environmental dimensions of sustainability.
Involving the public and other stakeholders from problem identification to the solution
development, and then in the decision-making and implementation processes, could help to
improve the sustainability of a project’s positive effects. The environmental and social costs
and benefits that are related to the project in question need to be included either qualitatively
or quantitatively in the cost–benefit analysis.
Integration of policies and strategies between different ministries and the cooperation
between different governance levels (central government, provinces and municipalities) are
also important requirements for sustainability. Similarly important is the cooperation of other
stakeholders who are concerned about social and environmental issues in project preparation
and decision-making between different sectors and between different levels of administration.
9. CONCLUSION
The new project governance system in Norway has brought changes in the preparation
and decision-making process for the country’s major public investment projects. In the new
approach, more effort is put towards the front end of the project development process, and
emphasis has been given to the development of better information for the decision makers. A
broad scope of alternatives, new processes and rules for project development, clear financial
scope, better strategies for the implementation of the preferred alternative, and independent
review of documents are important additions. Generally, some key elements of an effective
project governance system have been adopted. However, requirements to involve
stakeholders, particularly the public, regional and local authorities, and organized interests
during the early stage of problem definition and collective decision-making are key elements
that are omitted from the QA system. This might affect the effectiveness of the project
governance system, and consequently the project concept selection process.
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The effectiveness of a project governance system also depends on the relevance and
sustainability of projects’ positive effects. In this regard, the Norwegian project governance
system has included certain up-front requirements that could help to ensure the relevance of
projects. These include broad alternative analysis and efforts to align project objectives with
strategies and then to public needs. In general, in the new system there are significant efforts
to ensure the relevance of project initiatives, but the requirements for sustainability are not
detailed enough. Of course, sustainability of project effects is a long-term phenomenon and it
might be difficult to assess at the front end, but it is possible to implement useful governance
requirements up front and that could help the sustainability of the projects’ positive effects.
Overall the Norwegian project governance system has created a strategy to produce better
project preparation and more informed political steering. However, the system lacks prior
participation of important stakeholders; rather it focuses on consultation of these parties later
in the project study phase.
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Abstract. Rijkswaterstaat is the operational arm of the Dutch Ministry of Infrastructure and manager
of the main road and waterway networks in the Netherlands. Trough her (political) position, network
management mainly focuses on project delivery more than exploiting the available network. However,
due to the economic crisis political pressure on exploiting the existing network instead of extending
increases. In her recent business strategy Rijkswaterstaat has therefore declared infrastructure
network management as her core business. This puts Rijkswaterstaat on the horns of several
dilemmas. How to transform from a project manager to an integral network manager? How to find an
optimum between exploiting the existing infrastructure network and at the same time renew and extend
the network for the future? How to give, for example through design & build contracts, creative room
and performance responsibility to the market and at the same time keep control of the network?
The aim of this paper is to compare public, semi-public and commercial network managers in the way
they manage and control their networks, in the way they program maintenance and operation, in the
way they incorporate projects for extension and renewal and in the way they incorporate essential
market involvement in their business. Through the commercial drive commercial networks are
managed in a quite different way than public networks. Optimal functionality is based on a shared and
focused long term network vision, centralized system responsibility and coordination supported by
relevant in-house network knowledge, a clear prioritization of operation, maintenance and projects,
risk based maintenance programming, a clear alignment of market policy and network policy and last
but not least collaboration with the market to get the best out of both. The comparison indicates that a
real transition of Rijkswaterstaat to an infrastructure network manager can only take place when she
learns from commercial network managers and is willing to incorporate these lessons in her own
business.

KEYWORDS: infrastructure, governance, network, hierarchy, maintenance, partnering
1 INTRODUCTION
This paper focuses on the role of Rijkswaterstaat as the main Dutch infrastructure network1
service provider. Rijkswaterstaat is the operational arm of the Netherlands Ministry of
Infrastructure, Environment and Spatial Planning and responsible for development and
management of the Dutch main road and water infrastructural networks. Currently
Rijkswaterstaat tries to develop from a project oriented organization to an network service
organization. This implies a major organizational transition in structure, core competences
and culture.
1

In the literature the word network is used in a dual way. It refers to either physical networks like road‐ and
railroad systems and industrial plants or organizational networks as systems of actors with inter relations. In
this paper we use the words infrastructure network to refer to a physical network and the word network to
refer to an organizational network.
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The role as national infrastructure network manager implies maximizing the use of
available capacity through traffic management and providing needed capacity now and in
the future as an infrastructure provider. The best way to exploit available capacity is not to
disturb normal functioning. Maintenance and projects lead to disturbance, but are deliberately
planned to keep the network functioning at a certain level (maintenance projects) or to
improve functionality (renew and extension projects). Maintenance and projects are
programmed in addition to ongoing normal operation. Beside national infrastructure network
manager, Rijkswaterstaat is the professional project manager for all projects in her
networks. Projects disrupt the normal functioning of the network. A project is also an
intervention in the area around the project. The primary goal of the project manager is to
minimize the disruption in the network, to maximize the intended improvement and to
acceptable fit the project in the area. In addition, the project must also contribute to national
policy like social responsibility or sustainability. The project manager achieves these goals by
optimizing the design as elaboration of a possible solution. In this solution the value for
Rijkswaterstaat and other stakeholders is contained. To generate or elaborate solutions
Rijkswaterstaat uses the market through a market transaction as a professional client. Figure
1 shows the infrastructure network value chain as described.

Figure 1: Rijkswaterstaat infrastructure network value chain.

Public infrastructure networks differ from commercial networks in time and spatial scale.
In a commercial or industrial network income from sales is directly connected to network
production. Governance is therefore mainly directed at maximizing functionality. The
network is the production tool to generate return on investment and profit. Feedback from the
system to the management is short and enables fast action if necessary. Public networks
mostly have more spatial impact and concern longer time investments. Feedback is longer and
mostly indirect (via politics). This makes adequate reaction on disturbances and network
management difficult (Arts, 2007). Production is measured as amount of money spent in
projects (costs) and management is directed to meeting the programmed production
accordingly. Pure public networks have mixed governance, mostly based on project
management, maintenance management and traffic management in a mixed and changing
prioritization. Semi public networks can be described as commercially managed networks
with a (partly) public function. There is a direct relation between functionality and income,
which gives a commercial drive. to achieve maximum functionality. However due to the
public function public opinion and public policy have influence on business and management.
Rijkswaterstaat tries to manage her network as a sequential chain of activities. This chain
can only be streamlined by a centralized hierarchical control with a strong goal alignment.
Reality however, is that the different levels of management in the value chain operate in
different networks. This implicates, that the management as given in figure 1 actually consists
of alternating network management and hierarchy management, like a network-hierarchy
wheel as given in figure 2.
Rijkswaterstaat faces several dilemmas in managing the infrastructure networks. Firstly,
the involvement of the market in public networks is about finding the right balance between
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keeping control on product and production processes and shifting freedom in design and
related responsibility to the market. Dutch government policy tends to shift more freedom and
responsibility to the market through design & build contracts and public private partnerships
(PPP). This helps to develop a sustainable competitive construction market based on quality
competition rather than prize competition. However the market can only bear responsibility if
it is free to choose alternatives necessary to control related risks. This implies uncertainty to
the client about product and production process and related impact on environment and
network. Secondly, the ministry adapted an open and interactive planning process (network),
but tries to realize her projects through result and goal oriented project and program
management (hierarchy). As long as both processes are sequential the network-hierarchy
wheel can roll. However, through parallelization and intertwinement of procedures both
management styles start to conflict. Thirdly, planning is network and regional space oriented,
whereas projects are time, budget and local space oriented. Since projects come after the
planning the goal orientation shifts. Finally, regular maintenance and projects (renewal or
extension) have different budgets and steering. Moreover projects are politically more
attractive than maintenance. This makes central programming from an overall network
perspective difficult.
To govern these dilemmas several governance tools are used at the same time. Tools that
sometimes reinforce each other and sometimes work against each other. Rijkswaterstaat wants
to transform to an effective and efficient infrastructure network manager. Comparing the
modus operandi of Rijkswaterstaat with the governance of commercial firms, mainly focused
on maximizing functionality, seems therefore very useful. This paper presents the results of
this comparison, using the following research questions:
1. How does the governance of industrial network providers differ from the governance of
public infrastructure providers?
2. How do industrial network providers involve the market in keeping the network up-todate?
3. Which successful tools used by industrial network providers can be used in the specific
context of public infrastructure network providers?

Figure 2: Network-hierarchy wheel

2 HIERARCHIES, NETWORKS AND MARKETS
2.1 Literature review
Networking and network management is frequently used in organizational theory
nowadays. The word network expresses cooperation and mutual dependent action between
organizations or between actors in an organization (Agranoff, 2006). The current attention can
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be explained by the changing environments in which organizations operate and the large
adaptation capacity that is therefore required. Pressure in particular on public organizations to
focus on core tasks (new governance) makes them more dependent on other organizations to
solve complex problems (Kickert & Koppejan, 1997).
The network literature typically distinct between hierarchies and networks. The hierarchy
as an example of a command and control organization (government) and the network as an
interactive flexible organization (governance) ((Ford, Gadde, Hakansson, & Snehota, 2011;
Rhodes, 1996; Stoker, 1998). However hierarchies have the last decades also developed from
the traditional bureaucratic structure to more flexibility (Saint-Onge & Armstrong, 2004).
A hierarchy is an alliance of parties aimed at a clearly defined common goal with explicitly
formulated formal structures and roles. It consists of sequential process steps, which add value
or enrich knowledge to the product or service being produced (Porter, 1985). Between the
processes a functional relationship exists. The output of one process is the input for another
process. Coordination in the hierarchy can be more or less intensive. The basic form is a relay,
where one party simply transfers responsibility of continuation to the party on the output side.
More active coordination occurs through a chain coordinator, who aligns all activities within
the chain. Most active coordination occurs when the coordinator is mandated to actively
control and steer the chain (Duivenboden, Twist, Veldhuizen, & Veld, 2000).
In a network the process aims at exchanging knowledge around a specific theme. Networks
have many actors with diverse interests. Actors are mutual dependent to achieve their diverse
goals. Hakansson et al even see strategic networking, i.e. managing the right portfolio of
relations, as most important core-business of an organization (Hakansson & Ford, 2002).
Networks are dynamic. Actors and their relative positions change continually in a dynamic
environment (H. de Bruijn & ten Heuvelhof, 2008).
The economic literature sees markets, hierarchies and networks as the main building
blocks for economic activity. “Network governance is characterized by long-term reciprocal
relationships, where mutual expectations, collaboration and trust are the dominant managing
mechanisms. This differentiates it from markets, guided by price competition and negotiation
between independent actors and from hierarchies characterized by power and authority based
on contractual relationships” (Järvensivu & Möller, 2008; Powell, 1990). Hierarchies are
mostly associated with project- and program management, whereas networks are associated
with process management. Project management concentrates on phasing, controlling and
decision making. Each process step aims on the achievement of an agreed outcome. Process
management is according to De Bruijn et al (H. de Bruijn, ten Heuvelhof, & in 't Veld, 2004)
applicable for so-called unstructured problems, i.e. problems for which no single or
authoritative solution exists. It involves taking decisions in close cooperation and consultation
with 'parties' from the environment of the organization (J. A. de Bruijn & ten Heuvelhof,
1998) through a process of sacrificing and satisfying (Argote & Greve, 2007; Cyert & March,
1992). Process management ultimately provides a package deal, a set of agreements that is
appealing enough for each party.
Both hierarchies and network rely on some form of coalition between organizations.
Camarinha-Matos and Afsarrmanesh (Camarinha-Matos & Afsarmanesh, 2006) give a nice
building block structure of coalition. The simplest form is communication and information
exchange for mutual benefit, confusingly called “networking” in the publication. Coordination involves additionally the aligning and altering of activities so that more efficient
results are achieved. Co-operation involves not only information exchange and adjustments of
activities, but also sharing resources for achieving compatible goals. The most intense
coalition form is collaboration as a process in which entities share information, resources and
responsibilities to jointly plan, implement, and evaluate a program of activities to achieve a
common goal. Successful cooperation is based on the right balance between control and trust
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(de Man & Roijakkers, 2009). Control organizes through rules and procedures to manage
possible opportunistic behavior. The premise of trust is, that through cooperation
complementary goals and added value can be achieved. This premise must be stronger than
possible opportunism. Control is about dividing created value, where trust is about generating
value (Man, 2006).
Traditionally, the market is engaged at the end of the plan development stage on the basis
of a detailed request for proposals. A way to improve harmonization between what is optimal
for the network and what the market can offer is to integrate the market supply chain and the
public planning and decision-making process into a parallel or a joint process with (partly)
shared responsibility as shown in figure 3 (Valkenburg, Lenferink, Nijsten, & Arts, 2008).
This provides the opportunity for companies to propose unique solutions based on specific
core competencies (Leendertse, Arts, & Ridder, 2012). This in turn can lead to competition
based on value delivery rather than price and encourages companies to continuous innovation.
Alternatively this offers better information in an earlier stage for programming and decision
making (Leendertse, Lenferink, & Arts, 2012; Lenferink, Leendertse, Arts, & Tillema, 2012) .

Figure 3: Forms of early market involvement.

There are many definitions of PPP’s (Bult-Spiering & Wulf, 2006). PPP utilizes both the
strengths of the market and government organizations. Literature distinct between a
concession or contract PPP (Design-Build-Finance-Maintain-Operate) and partnership PPP
(alliances). These two forms differ not only organizationally, but also in the way of
collaboration between public and private organizations. The concession form limits
collaboration mainly to the early stage of the tender procedure. In the partnership PPP
collaboration remains during the whole partnership (Klijn & van Twist, 2007). In
construction, a distinction can also be made between long-term (strategic) partnering and
short-term (project) partnering. Strategic partnerships are intended to last for a significant
period of time, include several projects and seek gains for the long-term whilst project
partnerships are created and sustained for the life of a specific project and focus on short-term
benefits (Beach, Webster, & Campbell, 2005).
2.2 Propositions from theory
From the theory as described the following propositions related to the research questions can
be derived:
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1. Networks, hierarchies and markets are the building blocks of economic activity.
Governance is always a combination of these three;
2. Industrial organizations mainly focus on maximizing functionality. Therefore a more
hierarchy based governance style may be expected;
3. Coordination in hierarchies can differ from light (relay) via coordination to centralized
chain steering. Since functionality is the key business driver for the industry strong
steering may be expected;
4. The public orientation and pre planning phase of projects are typical (partly) unstructured
and a network government style will be applied. When the scope is stabilized a
hierarchical style will be applied. However there is not a clear transition from one phase to
the other. Somewhere in the process a combination of both governance styles will be
apparent;
5. Industry needs the market in combination with their own know-how and is dependent on
limited specialist market players. From this a high degree of cooperation and collaboration
may be expected;
6. The market needs creative space for sustainable development. Both public organizations
and industry need a healthy service and construction market. Design-build, early market
involvement and PPP can stimulate creativity and will be applied in different elaborations;
7. PPP means cooperation or collaboration between a public and a private organization.
Since the overall responsibility for both public and industry are great a control type may
be expected, i.e. contract based partnerships over alliances.
3 RESEARCH METHOD
In this paper a comparison is made between the governance used in industrial (commercial)
networks, semi public networks and pure public infrastructure networks. The comparison is
based on a qualitative study applying interviews (table 1) and focus groups. The goal was to
get insight in how the different organizations control their networks, given necessary
maintenance, renewal and extension of these networks. The interviews were performed as
much as possible on different levels in the organizations following the value chain. During the
interviews the list of participants was adapted until saturation, which meant that no new
perspectives, new issues or new firm names appeared in the interviews.
Table 1: Overview of participants in the research
Firm
Sector
Description
Akzo-Nobel
Industrial
Chemicals production plant
Delamine
Industrial
Chemicals production plant
Stork
Industrial
Installation maintenance
Scania Trucks
Industrial
Truck assembly factory
Chemelot/DSM
Industrial
Chemicals production plant
Shell
Industrial
Oil production and refinery plant
TenneT
Semi Public
Main electricity network
Schiphol Airport
Semi Public
Airport asset management
Highways Agency
Public
Main road infrastructure provider UK
Prorail
Public
Main railroad provider Netherlands
Rijkswaterstaat2
Public
Main road provider Netherlands

Interviews
2
3
1
2
1
2
2
3
2
3
6

The comparison is done on the following aspects: main characteristics of the networks,
practice of network governance and management and transaction structure and market
involvement.

2

This includes the Ministry of Infrastructure, Environment and Spatial Planning.
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4 RESULTS
Industry optimizes production. The logistic chain, including suppliers, is optimized for
capital investment. This means focus on lean production and reduction of stock. This not
necessarily means reduction of redundancy. Part of the stock risk is shifted to the supplier
market through just-in-time delivery contracts or delivery framework agreements.
The functionality of the production chain is the core business. Focus is on operation and
reliability of the network, with priority on operations. Reliability depends on maintaining the
assets more than renewal or extensions, which are mostly fitted in necessary stops in the
maintenance program. Maintenance is programmed risk based (categorized), which means
that status and relative importance of (critical) components are exactly known. This is not a
responsibility that is shifted to the market. Programming, planning and management of system
maintenance, renewal and operation is done or controlled in-house and are assumed to be core
competences of the industry. From this the degree of market involvement is decided.
Market involvement concerns suppliers and service contractors. The supply of spare parts
and raw materials is highly standardized and contracted traditionally, through framework
contracts or through the service contractors. The supply market is a small developed specialist
market with a low degree of innovation. Service contracting is mostly based on long term
relationships or partnering. Tendency is to partner integrated service suppliers in codevelopment (collaboration). Performance based contracts are assumed less appropriate in
networks where decay is caused by use rather than quality of maintenance. Partnering is
mostly procured as two-phase tendering. This starts with a functional basic design or program.
The service contractor is free to offer his own creative plan. This plan is then discussed and
adapted in dialogue until final consensus. The plan is than fixed and prized according to a pre
defined calculation system. Realization only starts after final agreement of what is to be done.
In this method the market can offer their own creative ideas, while the network owner keeps
control on interventions in his network. Partnering involves always shared responsibility. To
safeguard market conformity regular benchmarking of performance quality and price
competitiveness is necessary.
As mentioned in the introduction, public road network administrators, such as
Rijkswaterstaat, are indirectly accountable for their performance. As a result, the network
administrator will concentrate on specific salient aspects, such as the time and on-budget
delivery of projects and incident management. This helps to improve the performance of the
network, but is not effective to the integral service itself. In addition, the road network is not a
single network, but of a complex of associated networks. Currently the government is more
and more (socially) invoked on the integral functioning of the overall transport network. The
recent business plan of Rijkswaterstaat (Rijkswaterstaat, 2011) therefore provides a transition
from project manager to a public network administrator and foresees in more cooperation with
fellow network administrators. The basis for this is a (still to develop) long term network
strategy. This strategy focuses on categorizing performance of each specific road section as
planning basis for maintenance (risk based), renewal and necessary extensions.
The control of the network is a combination of project, maintenance and traffic
management. Where the industry has often a central system control, public networks have
multiple controls coordinated through the executive board. Traditionally the emphasis is on
road infrastructure projects.
Market involvement is trough standard performance contracts for maintenance, design &
build contracts for large renewal and extension projects and PPP for specific road sections.
Contracting follows the European procurement regulations. The market policy of the main
public clients dates from 2002, the Parliamentary Enquiry into the working of the Dutch
construction market (Bouwnijverheid, 2002), which concluded to give the market more
creative space in order to develop from a price dominated market to quality competition. But
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giving design freedom to the market including outcome responsibility conflicts with network
control. It is interesting that just this phenomenon forced the public clients to develop an
integral infrastructure network strategy, currently reinforced by reduced public investments
due to the economic crisis. Table 2 gives an overview of main characteristics as derived from
the interviews.
Table 2: Main characteristics of different networks as derived from the interviews
Industrial Network
Public Infrastructure Network
Business
 Huge initial public investments, relatively
 Huge initial private investment, during
characteristic
low maintenance investments, huge
lifetime mostly maintenance.
investments in renewal and extension
 Direct relation between functioning, and
projects.
return on investment. Short feedback.
 Projects are supposed key to economic
 Focus on maximizing network output
growth.
(production) strongly dependent on
 Indirect relation between functioning and
market demand.
societal output. Slow and indirect
 Totally optimized production chain i..e.
feedback.
full utilization of available capacity, little
 Focus on renewal and extension projects.
redundancy.
Maintenance lower concern.
 Limited spatial impact.
 Projects are cost units. Benefits are
 Strict safety and environmental
societal and not directly related to costs.
regulations.
 Production is defined as project turnover
 No EU procurement regulations,
 Projects have significant spatial impact,
procurement regulated by normal
strict legal regulation.
business manners.
 Dependency on (quality of) suppliers and  Long term planning (50 to 100 years),
significant societal and environmental
service providers leads to longer term
changes.
market relations.
 Many bottlenecks in capacity.
 Fixed set of stakeholders .Goal
congruency.
 Changing stakeholders during progress.
Multiple goals which have to be balanced.
Network
 Multiple policies fighting for
 Congruent long term network policy.
policy
prioritization.
 Balance between short term (operations),
 Network strategy is developed based on
mid term (maintenance) and long term
network categorizing and performance
(renewal end extension) planning.
risks.
 Focus on functionality and reliability:
 Focus on projects and traffic
operations and maintenance.
management.
 Critical components for production are
 Separate maintenance and projects
redundant.
programming.
 Programming, planning and plan
 Reduction of in-house network
management is core business.
knowledge due to reduction of public
 Extensive in-house knowledge of system
organization.
status and critical components.
 Conflicting market policy and network
 Total control on network interventions.
policy.
Network
 Mixed governance based on traffic
 Production management is leading.
management  Maintenance programming is proactive
management, maintenance and projects.
 Reactive maintenance management (event
and risk based.
driven).
 Program management coordinates the
 Projects are mostly leading and determine
projects. System manager prioritizes in
the program.
the program.
 Alliancing with fellow public
 Projects are short in duration, clearly
infrastructure network providers.
defined before the actual work and totally
controlled (output).
 Scoping detailed by client due to planning
process.
 Scoping in dialogue between client and
potential contractor.
 Projects are long in duration. Contract
responsibility is outcome based.
 No innovation in the main networks.
Innovation through co-development.
 Innovation in the projects. Relatively
small national innovation program.
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Market

Market
involvement













Transaction
form




Small specialist supplier market.
Integral service contractors for
consultancy & engineering, maintenance
and construction.
Outsourcing only supply and strictly
defined services.
Private procurement not under EU
regulations.
Services contracted as longer (5-7 years)
term partnerships.
Partnering based on two-phase tendering
i.e. fixation of plan before realization
(engineer & construct).
Co-development apart from network.
Scoping through dialogue.
Network interventions based on detailed
and accorded plans (control).
Regular benchmarking on quality and
price competitiveness.
No system responsibility for the market,
only output responsibility.
Traditional (detailed specifications) or
framework contracts for supply.
Partnering contracts for integral
services.based on dialogue and engineer
& construct contract type.













Open market for engineering,
consultancy, maintenance and projects
Due to financial requirements limited
market for large DB en DBFM contracts.
Public competitive procurement (EU
regulations) with quality selection.
Scoping in competitive dialogue and
information exchange between client and
potential contractor.
No partnering. Risks are pre allocated in
the contracts.
Fixed price tendering.
Partly system responsibility to the market
through performance incentives.
Early private involvement to offer
creative space for the market.
EMAT (price/quality) awarding,
incentives and penalties, pain/gain
system.

Standard contracts for performance based
maintenance, DB with functional
specifications (extension and large
renewal projects) and DBFM.

5 ANALYSIS, DISCUSSION AND CONCLUSIONS
In this paragraph the results of the research are compared with the theoretical propositions
earlier mentioned in this paper. From this comparison conclusions are drawn.
Networks, hierarchies and markets are the building blocks of economic activity.
Governance is always a combination of these three (proposition 1).Literature mainly focuses
on separate blocks. However, public infrastructure network providers struggle with the
combination of governance tools. Because of the changing dynamics in the process, focus
diverts per phase. A more uniform focus can be achieved through a shared long term
network strategy and more central coordination. Core of this strategy is the prioritization of
operations, maintenance and projects. Since coordination will always be a (changing)
compromise between these three, central portfolio management as coordination tool is
essential.
Industrial organizations mainly focus on maximizing functionality. Therefore a more
hierarchy based governance style may be expected (proposition 2). The public orientation and
pre planning phase of projects are typical (partly) unstructured and a network government
style will be applied. When the scope is stabilized a hierarchical style will be applied.
However there is not a clear transition from one phase to the other. Somewhere in the process
a combination of both governance styles will be apparent (proposition 4).Industry networks
are functionally optimized chains governed by a strong hierarchical control style. The aim is
to maximize productivity for the lowest capital investment. This streamlines goals and gives a
strong financial governance incentive. Public infrastructure networks have to balance and
streamline an array of goals, policies and stakeholders, changing during the process. The
governance incentive is indirect and societal. A network approach is chosen during planning;
however goal orientation is sought in a hierarchical structure and a project management kind
of control. The key question seems when and how to choose between network or hierarchy
management styles. The research does not give a clear answer to this question. A possible
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solution lies in new rising management fields like creative project management used in area
development projects, process and program management and adaptive planning.
Coordination in hierarchies can differ from light (relay) via coordination to centralized
chain steering. Since functionality is the key business driver for the industry strong steering
may be expected (proposition 3).Production industry strongly centralizes system coordination
in one system integrator. System responsibility is not outsourced. The management emphasis
is on operations and reliability of the system. Keys for reliability are found in risk based asset
management and maintenance, system redundancy and “de-complexing” of the system.
System interventions are programmed and pre defined (engineer & construct type). Creative
scoping and innovation is mostly organized outside the system through co-creative partnering.
Public coordination however seems an ever changing compromise between operations,
maintenance and projects. System responsibility is (partly) outsourced through outcome based
performance contracts. Asset management is still mostly reactive. Interventions are contracted
through design & build type contracts with functional freedom for the market, combined with
a shift of responsibility. The (industrial) interviewees stated, that being an infrastructure
manager implies bearing the full system responsibility, which cannot be outsourced. This is
in contradiction with the current market policy of for example Rijkswaterstaat. Bearing
responsibility is possible only if you know your system (current status, critical components,
risks and system cohesion) and program from this basis.
Industry needs the market in combination with their own know-how and is dependent on
limited specialist market players. From this a high degree of cooperation and collaboration
may be expected (proposition 5). In industry supply is highly standardized and interventions
are mostly pre-defined resulting in traditional client-supplier type of contracts. Scoping of
interventions and programming is a creative process which is done in close cooperation and
partnering with service providers. Partnering is based on longer term relationship with
intermediate benchmarking of market conformity. Real public-private partnerships are rare in
public infrastructure networks. The type of coalition is mostly information exchange and
coordination instead of co-creation. Alliances are mostly public-public to align different
fellow networks and to exchange knowledge. But market knowledge is needed for optimal
scoping and programming. Organizing this through design & build and performance contracts
in the network gives uncertainty in network control. The key question is how to align and
guarantee network performance in the contract with enough flexibility for the network
manager to align with all other contracts in the network. This results in very complex
contracts. Industry therefore separates scoping of interventions and programming from actual
realization. This opens the door to more co-creative partnerships and more standardization
in supply and realization.
Both public organizations and industry need a healthy service and construction market.
Design-build, early market involvement and PPP can stimulate creativity and will be applied
in different elaborations (proposition 6).Both industry and public network providers confirm
the necessity of creative design space for the market to develop. Offering this through design
& build is fundamentally different from offering this trough collaborative partnering. Both
industry and public clients try to involve the knowledge of the market early in the process
for more optimal scoping and programming. Rewarding creativity was mentioned in the
interviews to be a key for co-creation. Investing in creative capacity can only be done if the
client is open for creativity and if results are rewarded by the client. Public clients however
have a tendency to contract in competition for the lowest price.
PPP means cooperation or collaboration between a public and a private organization.
Since the overall responsibility for both public and industry are great a control type may be
expected, i.e. contract based partnerships over alliances (proposition 7).Since the creative
part of scoping and programming is (partly) separated from the actual interventions a more
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alliance form of partnering is mostly applied in the industry. The essence is co-development
in long term service partnering based on pre-defined cost and price calculation rules with
intermediate benchmarking on market conformity. In public networks the degree of
cooperation is low and partnering is often contract and project based.
6 AFTERWORD AND SUGGESTION FOR FURTHER RESEARCH
Public organizations like Rijkswaterstaat tend to follow trends and hypes in their market
and network policy fields. However through the combination of fields a rather diffuse set of
governance tools arises. Tools that sometimes reinforce each other and sometimes work
against each other. There is no one-fits-all governance solution. Through the commercial
drive commercial networks are managed in a quite different way than public networks.
Optimal functionality is strongly based on a shared and focused long term network vision,
centralized system responsibility and coordination supported by in-house network knowledge,
a clear prioritization of operation, maintenance and projects, risk based maintenance
programming, a clear alignment of market policy and network policy and last but not least
collaboration with the market to get the best out of both. The comparison indicates that a real
transition of Rijkswaterstaat to an infrastructure network manager can only take place when
she learns from commercial network managers and is willing to incorporate some lessons in
her own business.
Part of the planning process of public infrastructure network managers is and will always
be unstructured due to her public orientation. This leaves the question open of when and how
to balance between a more network or hierarchy type of management in the networkhierarchy wheel. The interviewees addressed the question, but did not give answers. Further
research is strongly recommended in this field.
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Abstract. This article studies the projects approach in the Netherlands and reviews the recent efforts
of the Dutch Government that are made to improve the country’s project governance system.
Evidence from different sources indicates that there have been changes in the Dutch public project
approach and decision-making process, particularly in the early stages of the project development
process. Discussions, negotiations and consensus between relevant stakeholders are becoming more
important as decision-making criteria; a disciplined and stage-gated decision-making framework is
placed in the political arena; cost-benefit analysis and other ex-ante project evaluation criteria are
standardized to reduce the complexity of the evaluation process.
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1. INTRODUCTION
The Netherlands is often described as a “consensual” democratic state (Lijphart, 1999) and
the Dutch politics and governance are known for broad consensus on important issues within
the political community and society as a whole (Marshall, 2009). In this regard, the
evaluation of the Dutch culture through the lens of Hofstede’s 5 –D mode indicates that in the
Netherlands consultation is common; communication is direct and participative; decisions are
supposed to be made by importance and punctuality, and precision are the norm (The
Hofstede center, undated). Similarly, involving different stakeholders in the project planning
and project governance system is being a widely accepted approach. For instance, the new
transport infrastructure projects governance framework involves different levels of
administration in the projects planning and decision-making processes. In this framework,
provinces, municipalities and other interested groups have got possibilities to influence the
planning and decision-making process through meetings and consultations. This is an
important reform that is being developed over the years in the Dutch transport infrastructure
projects governance system. As Woltjer (2009) describes this type of consensus-oriented
project planning and decision-making reform helps to establish a project governance
framework which takes public participation and consultation as an anchor.
In common with many other countries worldwide, the project preparation and decisionmaking systems in the Netherlands had problems and experienced several decision-making
pitfalls that affected the success of public investment projects (Priemus, 2007). Using
contested and misinformation, low participation in the early phase, limited political
commitment, lack of clear go/no-go stages, lack of solid problem analysis, and premature
decisions were common causes of why projects run into difficulties in the Netherlands (Dais
2011, Commissie-Elverding 2008, Priemus 2007). Marshall (2010) describes similar project
front-end problems, particularly in the key zones of infrastructure and housing. Most of these
are concerned with front-end project governance system of the country. Therefore, improving
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the front-end project governance system of the country was recommended to improve those
aspects of governance related inefficiencies (Priemus, 2007).
In this contribution, the author aims to investigate the most recent efforts of the Dutch
government that are made to improve the front-end governance of major infrastructure
projects (project concept selection and the decision-making processes and procedures). First,
the study investigates how public investment projects are approached in the Netherlands?
Secondly, it discusses the Elverding committee and the Parliamentary Commission for
Infrastructure Projects (TCI) recommendations. Finally, it will discuss the Faster and Better
Program––a program established to improve the planning and decision-making processes of
major infrastructure projects in the Netherlands.
2. RESEARCH METHODOLOGY
The research methodologies employed in this research are interpretive in nature, relying
on one-on-one interviews with planning actors and officials, as well as academic scholars.
Interviews were conducted in the Netherlands from November 14 to 16, 2011 with nine
experts. Four interviewees were selected from the Ministry of Infrastructure and the
Environment (I & M), who are active in the design and implementation of the Faster and
Better program. A senior researcher at Delft University of Technology and two researchers
from the University of Rotterdam are also interviewed. A researcher from the University of
Oxford Brooks, England and a researcher from Radbound University Nijmegen, the
Netherlands were contacted by email and they responded giving answers based on their
earlier publications in the subject. The interviewees were selected based on either their active
role in the reform of the Dutch project planning system or their earlier research related to the
theme. Face-to-face interviews were conducted at the interviewees’ offices. In addition to the
interviews, several publications related to the Dutch project planning process were studied.
These different sources of evidence were then cross-checked, analyzed and used as input.
3. LITERATURE REVIEW
Governance is an essential ingredient to achieving success and to fulfilling the goals of
sustainable development (Brownill and Carpenter, 2009). UK treasury (2007) defines project
governance based on those aspects of governance that are related to ensuring the success of
projects. Those aspects of project governance that are required to ensure the success of
projects include: defining a strategic decision-making framework, defining rules and
procedures, and specifying the rights and responsibilities of different participants. According
to O’Leary (2012), the implementation of those aspects of governance is important to ensure
(a) the selection of the right project alternative that supports the strategy; (b) the alignment of
project objective with strategy; (c) the implementation process of projects managed with the
objectives and expectations of the project promoters. Therefore, we can say that project
governance is an important coordinating mechanism to ensure the selection of the right
project concept and for making the right decisions according to the rules and procedures that
are established in the framework.
In a properly implemented project governance framework, the selection of the right
projects includes stages of problem analysis, evaluation of project alternatives, prioritization,
and aligning the project objectives with strategic objectives (Shiferaw and Klakegg, 2012).
Problems are identified and analyzed by owners or other stakeholders. The rules and
procedures of a project governance framework and, ex ante project evaluation requirements
therein are used to evaluate the users’ needs and priorities, to evaluate project alternatives,
and to check the alignment of the project objectives with Government policies and strategies.
In order to keep the effectiveness of a project governance framework, it is recommended to
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design a system for quality control of the processes and procedures, and to ensure
accountability within the authority. In this regard, Williams et al. (2009) and Flyvbjerg
(2012) recommend high quality front-end quality control system to getting decisions right
and to ensure the success of projects, or avoiding failure.
In addition to quality control system, systematic understanding of the wider environment
(for instance stakeholders’ interest) is important for the effectiveness of a project governance
system. That means, as Renz (2007) describes, project governance should able to establish
strategic influence from the stakeholders. In the other way, the preparation process of public
investment projects must be participatory (Flyvbjerg, Bruzelius & Rothengatter 2003),
because mutuality is important to facilitate the utilization of all the available information. In
general, the co-operation between stakeholders who deal with the environment, social and
economic issues, and the active participation of the public, particularly in the early stages of
the planning process is required for informed decision making. The proposal here is that in
designing a project governance system, participation of relevant stakeholders should be
considered as an important requirement.
Participation must be collaborative and it should include all the relevant parties in a
common framework where all are interacting and influencing one another (Innes and Booher,
2004). According to Innes and Booher, participation should not be one way communication
from government to the public, rather it must be multidimensional where communication,
learning and action joined together and where the polity, interests and citizenry co-evolve.
Here it is possible to argue that the top-down project approach (from government to the
citizens) which excludes the participation of stakeholders in the early phase no longer fits
within the social-related planning practice. Therefore, as Alden et al. (2001) suggested, the
top-down project approach should be replaced with a more democratic approach involving
broad participation of the public and other relevant stakeholders. The interactive and dynamic
approach to project preparation and decision-making between the top-down and bottom-up
thinkers allows a better balance between goals where we are in the project preparation
process and where one wants to be at the end of the project.
In order to challenge the problems that are related to public projects success, public
sector bodies must put in place a better project governance arrangement. The arrangement
should address the key issues that are related to the project preparation and decision-making:
it needs to provide better information to the decision-makers; it should find a way to balance
the top-down and bottom-up project approaches, and an effective information quality control
system should be prepared at the outset. Similarly, Jänicke et al., (2001) categorizes the
required changes in the public investment projects governance system into four main issues:
the coherent integration of policies and strategies; a strategic role for public authorities such
as Parliament, the broad participation of civil society in the planning and decision-making
processes; and a long-term view of problems and resulting strategies. These are important
points to be considered in order to improve the effectiveness of project governance system
and ultimately, to improve the success of projects.
4. HOW PUBLIC INVESTMENT PROJECTS ARE APPROACHED IN THE
NETHERLANDS?
Woltjer (2009) describes the project planning system in the Netherlands as ‘highly
organized and a collective activity’. Similarly Marshall (2009) describes some of the efforts
that are made to bring different stakeholders from various areas and to make them coherent in
the planning and decision-making processes. These efforts indicated that the Dutch project
planning approach has a certain tradition to link up project planning with a system of coordination across sectors and different government administration levels (Ministries,
provinces, and municipalities). There are also evidences indicating that co-operation between
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different ministry offices, agencies, research institutions and planning bureaus has been a
common practice.
For instance in 2005, the Dutch planning law made it obligatory for sectoral strategies or
major projects to be part of the national spatial planning. In 2003, the Interdepartmental
Commission on Strengthening the Economic Structure (ICES), which advised the Cabinet on
decisions about how to spend money from the Fund for Strengthening the Economic
Structure (FES) and thus on setting priorities for alternative investments, changed to become
the ICRE as a result of integrating spatial issues with infrastructure development (Marshall,
2009). In 2007, the MIT (Multi-annual plan for Infrastructure and Transportation) program
became the MIRT (Multi-year Program for Infrastructure, Spatial Planning and Transport) by
combining transport planning with spatial planning. In 2010, the Ministry of Housing, Spatial
Planning and the Environment merged with the Ministry of Transport, Public Works and
Water Management into a new Ministry of (I & M) to integrate the planning process and for
sustainable development of the Netherlands (I & M, undated). These are indications of
cooperation between sectors horizontally.
There is also a trend to involve different levels of the government vertically. Provinces,
regional authorities, municipalities and interest groups have the chance to influence the
project preparation and decision-making through meetings and consultation. However, it does
not mean that they are working like this always. There are variations, because history and
experiences differ from project to project. However, as most of the interviewees of this
research agreed, and as the long-term planning culture of the Dutch indicates, in most cases
project ideas are initiated from the top, namely from the Government or authorities.
Nonetheless, the bottom-up interactive activities of stakeholders are also used to be equally
important in a project’s decision-making and planning process. Therefore, in most cases, the
project planning approach in the Netherlands is a combination of the top-down project
initiative and the bottom-up interactive activities of stakeholders. Decisions on new projects
are made based on the results of the negotiations and consensus between top-down initiators
and bottom-up stakeholders. However, the negotiations processes takes long time and as a
result of that the project realization time in the Netherlands has been very long. According to
Donné Slangen, director of the ‘Faster & Better’ program, the implementation of major
public investment projects (motorways and railways) takes fourteen years on average. To
reduce the project realization time to seven years and to fix a standardized procedure for
project development, the Ministry of Infrastructure and the Environment is implementing
programs called ‘Faster and Better’––a program that demands a broad participation of
stakeholders with a fast and better decision-making framework.
The following three cases are presented to strengthen the argument about the Dutch
project approach, where projects typically started as top-down initiative but all ended up with
debates and negotiations with bottom-up activists. The second Maas Area expansion of the
new port of Rotterdam and the expansion of the port of Amsterdam were started in the middle
of 1990s but the projects were delayed until the middle of 2000s. My interview with a
professor at Delft University of Technology indicated that the outcomes of the negotiations in
these projects were win-win for important parties, but the projects realization time was too
long. The third case, the Second Delta program was started in 2012, i.e., after the
implementation of MIRT and ‘Faster and Better’ programs. This implies that projects in the
Second Delta Program will be developed based on the rules and the framework of MIRT. In
this framework, it is required––maximum participation of stakeholders in the early phase of
projects and relatively short project realization time.
The research methodology employed in these case studies relies on an interview with a
researcher (a professor at Delft University of Technology) who did a similar work before, and
scholarly literature on the cases. The interview was open ended and it bases on the following
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questions: Does the project preparation process participatory? How decisions on project
initiatives are made at the initial stage? Who initiates a project idea?
The Second Maas Area Expansion of the New Port of Rotterdam
The second Maas area expansion of the new port of Rotterdam in the North Sea started in
the mid-1990s due to the increase in trade envisaged by the port authorities and the national
Government. When the issue was initially discussed, environmental groups opposed the
project due to the North Sea being an important and vulnerable area with high ecological
value. Their views were considered important and after some time negotiations started
between the port authorities and the environmental groups. After successive debates and
negotiations, the port authorities and the environmental campaigners reached an agreement to
build the port in the North Sea and to compensate for the loss of nature on the land. As a
result, a substantial amount of agricultural land has been transformed into nature reserves. By
taking this approach the nature is changing but not diminishing. The only losers are the
farmers, but slowly reducing agriculture can be economically positive for the Netherlands
and there are many countries in the world where agriculture can be more effective than in
urban countries like the Netherlands. The actual decision in this process was not made based
on the information from the research results and the top-down Government-centered planning
process, as the results of the research and the top-down project approach lacked the necessary
support from the bottom-up lobby (Deelstra et al. 2003). Instead, the final decision was the
result of the successful debate between top-down project initiators (port’s lobby) and bottomup activists (environmental lobby). In the discussions, several misunderstandings about the
proposed measures were cleared up after long negotiations and compromises, which was
essential for the ratification and the realization of the expansion.
Amsterdam Airport – Schiphol Expansion
Schiphol airport is vital to the Dutch economy. Based on the fast development of air
transport at Schiphol and the passenger figures, it was clear that the capacity was insufficient
and that expansion would be necessary. Using this prediction, in the 1990s the airport
authority and the national Government initiated a project for the expansion of Schiphol in the
style of a top-down project initiative. However, environmental problems, including the issues
of noise, air quality and safety as well as residents’ complaints led to the decision-making and
project development processes being challenged. These are bottom-up activities, often
considered to be a NIMBY issue – ‘Not in my back yard’. The bottom-up activists could see
the need to increase Schiphol but did not want it where they were living and wanted to
preserve the qualities of their area. The data and project studies presented by the Government
and the airport authorities did not convince the bottom-up activists; rather bottom-up thinkers
challenged the Government’s assumptions and calculations. Then at the end of the day, it was
a matter of confrontation and dialogue between the different stakeholders. This dialogue was
crucial for reducing the differences between these parties. Typical of many Dutch
infrastructure projects preparation, everyone was given an opportunity to express their
opinion on the key planning stages and decisions (Woltjer, 2009). Finally, the discussions
reached a compromise and they made a decision that was acceptable for both the bottom-up
and top-down stakeholders. The decision-making process in this case was partly due to the
learning process between parties, and partly due to the development of demand for airport
capacity (Deelstra et al. 2003).
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The Second Delta Program
In 1953, the Netherlands flooded as a result of a storm and tidal surges breaking the sea
defenses, causing many casualties. As a solution, the First Delta Program was implemented to
make the country a lot more protected against the sea. Since then, the Netherlands has had to
deal with rising sea levels with several attempts to change the characteristics of the Meuse
and Rhine rivers, which start in France and Switzerland respectively, and cross the
Netherlands before they flow into the sea. The capacity of the water in these rivers fluctuates
much stronger than in the past. A few years ago, the Netherlands was affected by flooding in
the areas along the inland rivers. As a long-term solution to such problems, the Second Delta
Program was prepared by the Dutch Authorities and the Delta act became effective from
January 2012. The main objectives of the program are to protect the Netherlands against
flooding and to keep the fresh water supply balanced (Ministerie van Infrastructure en Milieu,
2011). It is a national program that is due to run until the year 2100, with assumptions made
about the rise in sea level, differences in how water in the river will behave and precipitation
changes. It is not a reactionary program in response to a disaster but is proactively prepared
in advance to avoid it.
The program has many uncertainties due to its reliance on basic forecasting and
predictions. Therefore, the Dutch Authorities have to think about no-regret measures for the
short term, with debates between the Delta commissioner and providences, local governments
and the public to make concrete plans for dikes along the rivers and about other subprograms. The idea behind the Second Delta Program is well-founded but the program
demands a lot of money. Consequently a Delta Fund has been created because it is obvious
that the country will spend more in the future to increase protection against water and to
strengthen dikes and other river-based infrastructure. To get the Delta fund, all projects must
meet the conditions set for MIRT (rules and frameworks). The idea is moving closer towards
a kind of adaptive management — an iterative feedback and learning-based strategy to cope
with uncertainty in decision-making. It seeks to maximize flexibility, keeping options open
and avoiding a ‘lock in’. In the Second Delta Program, the authorities have made very large
plans, simulating how things will be in the future and monitoring the changes to see how
things will develop and in the meantime anticipating changes and creating smaller projects
which will be useful in the future. It is a kind of project approach basically looking the
problems and developing strategies ahead from top-down level. Although finding solutions
that combine the ideas of bottom-up stakeholders with the top-down approach is considered
to be the right procedure.
5. EFFORTS AIMED AT IMPROVING THE DUTCH PROJECT GOVERNANCE
SYSTEM
The project governance system in the Netherlands is under continuous scrutiny and has
been developed over time. In this section, we discuss the most recent efforts of the Dutch
government that are made to improve the project governance system of the country. These
include the TCI and the Elverding committees’ proposals and the Faster and Better program.
The TCI and Elverding committees’ proposals are concepts, but the Faster and Better
program is a program that is developed based on these concepts by the ministry of I& N, and
it is under implementation.
5.1 The TCI proposal
TCI was assigned by the Dutch Parliament in 2004 and conducted an investigation on the
decision-making and implementation control of two major infrastructure projects
(Betuweroute–– a 160 km long double track freight railway line between the port of
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D4

D3

D2

D1

Rotterdam and the German border at Zevenaar-Emmerich, and HSL-Zuid–– a two-track highspeed railway line, 85 km of which is newly built and 40 km is upgraded existing track,
which connects Amsterdam to the Belgian border incorporating a shuttle connection between
the Hague, Breda, Brussels and Paris). The immediate reason for this investigation was the
high cost overrun of the projects. However, the committee was also able to identify major
problems associated with the approaches and decision-making procedures of these mega
projects.
Poor predictions of actual values and viability of projects at the front-end;
misinformation or using inaccurate information as decision bases; a tendency to jump to
premature conclusions without solid problem analysis; lack of clear go/no-go decision points;
lack of alternative analysis; and marginalizing the role of Parliament are identified by TCI as
problems for the development of public investment projects in the Netherlands (Priemus,
2007). Then, based on the investigation results, TCI proposed a new project assessment and
decision-making framework. The proposed stage gate approval process has four decision
stages. As shown in Figure 1, the process starts with a decision on the legitimacy of the
project initiative, D1, looking at the relevance of the project.
If the project is accepted as relevant at decision gate 1, then the authorities will issue a
GO decision and the prioritization of the proposal will follow. Projects are prioritized in the
prioritization phase, which must be conducted by the Government (the Cabinet and Lower
House), and the decision should be made based on the results of problem analysis and
predefined prioritization criteria. The project prioritization phase ends by making an
admission decision, D2. At this decision gate, the project with the highest net value is
admitted to the elaboration phase for further investigation. The elaboration phase extends
from the admission decision to the implementation decision. In this phase, the project fund is
searched and secured, spatial and environmental assimilation measures are identified,
alternatives are generated and compared, and public support is collected. The elaboration
phase is used as a joint open learning process between relevant stakeholders in which
alternatives are not all rejected; the Cabinet and Lower House are not under any commitment
during the elaboration phase (Priemus, 2007). If the project is not supported by the bottom-up
actors, if there are no funds, if the costs rise beyond acceptable bounds, or if a project has
huge uncertainties, the project could be rejected. However, if the net benefit of the best
alternative is positive, if an alternative gets sufficient public support, and if both the
budgetary and spatial requirements are met, the Parliament will decide to implement the
project, D3. The implementation decision represents the commitment of authorities at the end
of the elaboration phase. Finally, if the project is completed according to the requirements,
then the final decision to operate will be made, D4.

Figure 1: Consideration of large potential projects according to the TCI proposal

TCI’s proposal was accepted in principle by the main actors of the process, particularly
by the Parliament. However, it was not implemented. But during this investigation, the author
was able to see that, most of the recommendations of the TCI have been included within the
rule and framework of MIRT.

209

Asmamaw T. Shiferaw

5.2 The Elverding Committee Proposal
The Elverding committee was assigned in 2008 by the Dutch Cabinet to propose a
solution that helps to speed up the process for infrastructure projects realization time. The
committee presented a proposal that helps to improve the project preparation and decisionmaking procedures. The committee also presented the causes of the delay of project
realization time in the different phases of a project development process (explorative, project
study, construction and management). In this article, we will only discuss the factors
specified in the front-end phase (the exploration phase) of the projects.
As shown in Figure 2, most of the problems raised by the Elverding committee have
similarities with the problems described by TCI, though they have differences too. Lack of
solid problem analysis, a shortage of explicit go/no-go decision points, a low degree of public
participation, various alternatives but an unclear decision-making process, and a lack of
political commitment were identified as problems by the Elverding committee (Arts, 2010).
Based on these shortfalls, the Elverding committee recommended a more balanced approach
in terms of attention for, and effort put into, the different planning phases (Arts, 2010).
According to the Elverding committee proposal, more attention and effort should be given
towards the front-end (explorative phase) of a project planning and decision-making process.
To support its argument, the committee prepared and presented the present and desired
situations of the different stages of the project development process. Figure 2 shows the
present and the desired situations in the front-end (explorative) phase.
For the successful development of infrastructure projects, the Elverding committee has
demanded a more robust, clear and broad foundation at the front-end phase. These demands
include a broad participation of stakeholders, broad scope of alternatives, clear financial
scope, program budgeting and prioritization, robust political commitment, environmental
research and a clear choice of alternatives. At this stage, the committee also recommends a
strong linkage between the project concept and spatial potential/benefits. As Dais et al (2011)
describes such link is important in order to achieve synergistic effects.

Figure 2: Present and desired situation according to the Elverding committee (Front-end phase)

The recommendations of committee Elverding were officially accepted by the Cabinet,
and the Ministry of (I & M) has taken the recommendations seriously. To elaborate the
recommendations of the committee and to make it practical, a new system is being developed
at the Ministry of (I & M). In the new system there are: shifts towards a stage gate approval
process, new processes towards the front-end, and there are requirements demanding the
broad participation of the public, market parties and other stakeholders. These new
guidelines, new regulations and laws, changes in organizations, extra steps in checking and
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balancing and rethinking the rules for funding are organized as a new program at the Ministry
of Infrastructure and the Environment ––the Faster and Better Program.
5.3 The Faster and Better Program
The recommendations of TCI and the committee Elverding are full of concepts and
require basic changes in legislation, decision-making procedures and high degree of
participation. As a result, the Ministry of (I & M) is developing a new system, which could be
seen as a combination of the TCI and Elverding committee proposals. New ideas and
innovations from these proposals, such as structural improvement of legislation, stage gate
approval process, broad participation at the front-end phase, administrative procedures and
others, are organized in the form of a program.
In this program, collaboration between stakeholders is set as a primary requirement to
start a project development process. Discussions and negotiations will be held on the
identified problems. If the availability of the problem is confirmed, then the idea for a project
will be discussed between stakeholders. After the discussions and debates, there is an
important decision point: Go or No-go. If the decision is ‘Go’, then the project front-end
investigation will follow. The project front-end investigation is designed as an open, broad
and participatory process with political influences, and focuses on ‘will shaping’ (Dais et al.,
2011). In other words, the needs and usefulness of the project are determined by open
participation of relevant stakeholders. At the explorative stage, discussions and negotiations
between stakeholders, and the alignment of the project’s objective with the policies and
strategies of the Government are important decision criteria.
Initiative

MIRT 1

Participation

FRONT-END PHASE

Starting phase

Intake Decision
Problem Analysis

Analytical phase

Evaluation phase

Generating Promising Solutions
Sieve 1

Evaluation of Alternative Solutions
Sieve 2

MIRT 2

Decision phase

Decision on Preferential Solution

Project Study Phase
Figure 3: Project governance framework at the front-end according to the Faster and Better Program

As shown in Figure 3, an explorative study of a transport infrastructure project starts with
an intake decision (MIRT 1). The intake decision is made based on the results of discussions
and negotiations between national Government, regional authorities, provinces, and
municipalities. After MIRT 1, problems are analyzed in detail, the relevance of the projects
are checked, alternative solutions are evaluated and prioritized, then a decision will be made
on the preferred alternative (MIRT 2). In the explorative phase, project proposals are
evaluated and compared based on the results of cost-benefit analysis. To improve the decision
basis and the quality of information used by the decision-makers, the ministry standardized
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the cost-benefit analysis. The ministry has also prepared a formal procedure guiding how this
assessment should be done. The objectives of the new arrangement is clear: seeking to ensure
the relevance of project proposals at the front-end through discussions and negotiations;
evaluating project proposals through standardized ex ante evaluation criteria considering
sustainability of the project’s effects; prioritizing projects based on the national policies,
strategies and public priorities; and making democratic decisions through the stage gate
approval process.
6. DISCUSSION
Although growth management and planning have a long-standing tradition in the
Netherlands, the Dutch project governance system has been criticized for different reasons
and there have been several requests for reforms. There were also different initiatives to
improve the project preparation and decision-making procedures. As the result of that, the
Dutch project governance system is shifting more to towards co-operative planning involving
relevant stakeholders from the early phase. By this approach, project concepts are initiated
from the top based on the long-term national policies and strategies of the Dutch
Government. Then, discussions and negotiations between project initiators and bottom-up
thinkers are used as a learning process and as the source of evidence for choosing project
concepts and for making decisions. This approach has been developed through time. In this
article, three case studies are discussed to show the project approach in the Netherlands. The
expansion of Schiphol and the new port of Rotterdam were initiated by the government and
the port authorities, but the projects planning and decision making processes were disputed,
and the projects were delayed due to strong resistance from bottom up activities. Finally, the
projects were implemented but it was after long discussions and negotiations between
stakeholders. On the other hand, the 2nd Delta program, which started after the
implementation of the MIRT and Faster and Better programs, is being implemented based on
the rules and frameworks of MIRT. In the 2nd Delta program, discussions and negotiations
between the bottom up and top down thinkers are pulled towards the front end of the planning
process, so projects in the 2nd Delta program are expected to be developed smoothly.
In this arrangement, there are ample legal means to involve stakeholders up front and
account for their interest. There might be also occasions where policy-makers and planners
have tried to cut corners (within the legal framework) but there are also instances where more
attention was paid to stakeholders’ interest than was required by law. However, the reform in
the Dutch project development process has brought changes that would help to ensure the
relevance of projects by involving stakeholders at the early stages of project preparation and
decision-making.
‘Faster and Better’ and the MIRT rules and frameworks are new arrangements that are
developed based on the recommendations of the TCI and Elverding committees, particularly
based on the Elverding committee proposal. In these new arrangements, there are efforts to
integrate different policies and strategies both horizontally and vertically; requirements and
procedures are set to involve the stakeholders upfront; and long term planning is encouraged.
However, the quality of information to the decision makers is not controlled by third party.
Often information quality is controlled within the ministry check and balance system. In
Norway information quality is controlled by independent consultants and it makes the
Norwegian system more reliable, because independent consults evaluate project initiatives
based on independent evidence and they criticize project proposals through logical stand; and
normally they are expected not to be enthusiastic.
According to the Faster and Better program, once the availability problems are checked
and the relevant stakeholders reached on consensus on the development need, alternative
solutions will be proposed, and then evaluated step by step using predefined evaluation
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criteria. Project evaluation criteria are predefined to facilitate the evaluation process. This
standardization has helped to reduce the complexity of the evaluation process. For instance,
in the ex-ante project evaluation process, each concrete project proposal needs to have a CBA
and EIA, as per national and EU legislation. There is a scoring technique that determines
whether the outcomes of CBA and EIA are positive enough to go ahead. In the case of large
projects, both ex-ante evaluations should be discussed in Parliament, who will give the goahead to the Minister, or not.
Generally, the decision-making process for projects is reformed to a fairly democratic
process. A stage gate approval process is established in the political arena, and checks and
balances are set at the different stages of the framework to make sure that no rash decisions
are taken. Decisions are made at the predefined decision gates. Every year, the Parliament has
the possibility to scrutinize the development of projects. The Dutch media, the public
reaction, and other stakeholders play a gatekeeper role in the process. Formally, a certain
discipline is established in the Dutch project decision-making procedures although in reality,
sometimes decisions are made quickly and certain steps are skipped.
7. CONCLUSION
Based on this study, it is possible to see that the project approach in the Netherlands is
developed through time to a consensus-oriented well-established system with stakeholders’
participation and consultation in the early phase —a top down initiative but a specific project
approach is selected based on discussions and consensus with stakeholders, and it is a good
lesson to deliver successful outcomes.
In the Dutch project governance system, a strategic project governance framework is
placed in the political arena. A requirement is set to invest more efforts towards the front-end.
Rules and procedures are defined for developing and delivering the right information to the
decision makers. If the reform completes, project planners will deliver better information to
the decision makers, and decision makers can get meaningful answers for their questions
regarding projects and the probable future consequences; the availability of better
information will help to get decisions right and ultimately to implement successful projects;
the complexity of project preparation process and project failure will reduce significantly;
and the chance of implementing irrelevant and unsustainable projects will reduce. The
potential treat for the success of this reform could be the political culture of governance (Dais
et al. 2011). That means if the political culture of politicians is not changed, it might be
difficult to keep the effectiveness of the new arrangement and to select the right project
concept.
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Abstract. The construction industry is one of the global economic activities with a highly
competitive environment, raising demand within the companies to differentiate. One of such
approaches to is customer orientation that aims to provide better quality and customer satisfaction.
Within the construction industry customer orientation has slowly been recognized, but the role of
customers and end-users is changing. The empirical part draws from the results on the application of
virtual environments as an active role in presenting and communicating the proposals to the
customers. Three case studies supported with questionnaires were conducted suggesting that the
virtual environment approach clearly enhanced the design coordination between professionals, city
and municipality representatives and other interest groups. The case study of ‘Nissola’ demonstrated
how Internet based virtual model could be used by audiences to post comments on the plan. When
they were asked for an option to use virtual model in Internet, the opinions of interviewees varied
throughout the three cases but indicated a pattern that over sixty percent preferred Internet based
social approach. Currently many companies measure the success of their projects with time, cost, and
performance. In relation to earlier, customer orientation should recognize as a fourth criteria. Taking
it to practice still requires organizational changes to manage for example changes, create more
profound guidelines and contribute research to learn more on the opportunities. Social applications
manifest the easy access of information and the voice of customers and end users can be heard. The
construction industry has now an opportunity to utilize customer driven work practices through visual
social applications in projects to communicate with experts and audiences. Social media applications
and their integration with BIM technology still require a wider research approach to be implemented.

KEYWORDS: Customer orientation, Building Information Modeling, Virtual Reality, Social
media, End user
1. INTRODUCTION
The fundamental concept of a business existence is to keep customers satisfied. Creating
and retaining a satisfied customer is also central to a strategic marketing thinking (Dulaimi,
2005). Customer satisfaction means the evaluation of a product or service, taking place after a
purchase where customer’s expectations about the product and service before buying are
considered (Kotler, 2000). A customer is usually satisfied when a product or service meets or
exceeds the customer’s expectations (Gerson, 1993). Market oriented approach focuses on
enhancing customer orientation for providing better services to internal and external
customers. Business organizations primarily focus on profitability and getting sustainable
competitive advantage based on superior performance in relation to the competition (Jain,
1999).
The business environment is changing. The use of technologies has converged seller
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markets towards buyer markets, as the success in customer orientation is dependent upon the
adaptation of customer’s needs (Scheer and Loos, 2002). Competitiveness or survival calls
for an intelligent, quick, and customer oriented response (Ballard et al., 2006). Wide use of
social technologies, changing and competitive global environment, digital generation of
customers today call for new business perspectives into organizations and the challenges are
now, more than ever, intertwined in the direct empowerment and involvement of customers
and stakeholders (Evans, 2010). Digital customers today use social media to post their
contents without editorial constraints in private and work life (Weber, 2009). Customer
orientation requires both organizational and work process consideration. In new product
development, product concept flexibility and various design and product options are
increasingly used (Zhang et al., 2009). Customer oriented products are generally aiming at
consumer acceptance. Important feedback may be obtained while measuring its qualities
through various feedback channels.
This paper studies the past efforts to enhance customer orientation in the construction
industry. The empirical part is based on findings from implementing new tools to practice in
an ongoing research project in Finland called “BIMCity”. First, we explain what customer
orientation means for the construction industry. Then, we consider briefly social media
applications and how they are beneficial for the industry settings. Then, we introduce three
case studies, real construction projects in Finland, and analyze the results from enhancing
communication. Finally, we conclude the paper with a finding that customer orientation has
potential in construction industry and social media, in particular, is a promising channel to
reach end-users and remove communication barriers in the construction industry.
2 CUSTOMER ORIENTATION IN CONSTRUCTION INDUSTRY
Construction projects are unique and kind of prototypes. Physical facilities, as an outcome
of the project, can be seen as a product where construction process adopted is taken as service
provided by AEC industry. Over the last decade, increased competitive environment and
rising customer expectations have been key features of the construction industry in developed
economies (Copare, 1992; Raftery et al., 1998). The importance of customer orientation is
rapidly growing due to a tightened completion as well as higher customers demands (Kärnä,
2009). Various indicators should be taken into considerations in a project to determine
customer satisfaction because it encompasses wide variety of personnel and professionals like
architects, engineers, project managers, contractors and clients. According to Kärnä et al.,
(2004), the customer may be defined as the owner of the project, one needing the constructed
facility or in simple words, end-users of the products. Participation is not only about
knowledge sharing, comments and complaints about plans, it primarily requests changes to
management culture and working processes. The Implementation of new technologies calls
for patience and participative development among designers and end-users may lead towards
a more satisfactory end result.
Construction industry development promotes the viability and competitiveness of
domestic construction enterprises as well as provides increased value to industry clients (CIB,
1999, Ofori and Toor, 2012). The industry has been lately in a period of intense introspection
for improving its performance and productivity (Love et al., 2004). In construction business,
organizations and actors strive to provide higher quality with more satisfactory products
through new practices in closer cooperation with customers (Kärnä et al., 2009). For a
construction project to be successful, internal as well as external workflow, communication,
and collaboration has to be well maintained between participants from the earliest project
phases to achieve higher customer satisfaction. This is highlighted at Integrated Project
Delivery (IPD) method in construction projects. The IPD is described as “a project delivery
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approach that integrates people, systems, business structures and practices into a process that
collaboratively harnesses the talents and insights of all participants to optimize project
results” (American Institute of Architects (AIA), 2007). Furthermore, AIA (2007) states it as
a new world where designers, facilities managers, end users, contractors and suppliers are all
involved from the start of the design process.
The roots of most construction problems are strongly tied to the lack of communication.
The problems in communication are normally resulting from not sharing or updating
information regularly, not involving the right people at the right time or even from
withholding the information for company’s or personals gain (Brown, 2012). To mitigate
these problems between the project participants, the industry and its stakeholders are rapidly
inclining towards the use of model-based applications, process, and management widely
known as BIM - Building Information Modeling (Porkka et al., 2012). These applications act
as a catalyst for IPD method and increase communication and collaboration between the
project participants. An innovative building information technologies use and its
advancements lead to a new collaborative method and approaches within construction
projects. Visualization is easily understandable way of communication, which does not
require professional background. End users are able to give feedback, monitor the built
environment and verify their needs, requirements and usability of the existing and future
environments.
Currently many companies measure the success of their projects with time, cost and
performance. In relation to earlier, customer orientation should be recognized as fourth
criteria over the traditional triple constraints of project success (Pinto and Rouhiainen, 2001).
Thus, soft measures for monitoring customer satisfaction, both internal and external, in
construction projects have been introduced (Chan and Chan, 2004; CCI, 2004; Kärnä, 2009).
In construction projects, feedbacks are generally collected and the customer’s overall
satisfaction is normally measured after the completion of project. However, a higher
customer satisfaction can be generated through active end user participation from the very
beginning of projects.
Most communication in construction projects takes place between the professionals and
more attention should be paid towards the dialogue with customers. The feedback from end
users is a good channel to enhance customer satisfaction. Social media is one way to help
organizations towards end users in order to sell their products and services, generate new
customers, and act as a platform for direct communication with customers. In fact, social
applications have become a commonly accepted collaborative platform to share content,
discuss and these tools have the potential of activating end users in the participatory projects
(Jäväjä et al., 2012).
3 CUSTOMER ORIENTATION THROUGH SOCIAL APPLICATIONS
Construction industry and its customers differ greatly from the other industries (Dulaimi,
2005). Just a decade ago, customer orientation within the construction industry was not
considered as an important factor (Anttila et al., 1999; Smyth, 1999). Developing new
technologies and growing demand of customers have made markets more competitive in
nature (Kärnä, 2009). Social media applications are considered as an easy solution to
approach customers. Social media applications allow the creation and exchange of user
generated content build on the ideological and technological foundations of web 2.0. (Kaplan
and Haenlein, 2010; Porkka et al., 2012). Evans (2010) states that “Web 2.0 technologies—
expressed through social customer relationship management, vendor relationship
management, collective ideation, customer-driven support forums, and communities where
participants engage in all forms of social discourse—act together to equalize the market
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positions of suppliers, manufacturers, business and organizational leaders, customers and
stakeholders”. Unfortunately, customer oriented markets in AEC industry have been slow in
incorporating these social media tools and applications to daily business-to-business (B2B)
and business-to-customer (B2C) operations. More service-oriented industries have utilized
these social media opportunities towards the larger audiences more efficiently,
simultaneously improving citizen services.
3.1 Opportunities for the construction industry
Internet connectivity has opened up various innovative platforms to get social feedback
from audiences. Social media technologies include many innovative methods, which may be
beneficial to construction industry. Yet the industry has been slow in adopting these
opportunities. Social media tools generate a network effect that turns passive content
consumers into active content producers to visualize, read, consider, discuss, and develop
knowledge and ideas (Porkka et al., 2012). Social media employ mobile and web-based
technologies to create highly interactive platforms (Kietzmann, et al., 2011). However,
utilization of social media in construction industry requires a strategic change within the
construction organizations. Its use and implementations can successfully solve organization’s
knowledge sharing problem (Dave and Koskela, 2009), serve as a solution for the challenges
of knowledge management in the industry (Kazi and Koivuniemi, 2006), and help end users
and customers in participating to the development of solutions. These socially triggered tools
have clear benefits for both B2B and B2C activities, but can also be used in shaping the
future built environment (see Future Melbourne Wiki, 2008).
Construction industry projects can be divided into two main types: public and private
projects. Public projects are usually related to municipal and governmental, public
development of the built environment through e.g. master planning, infrastructure plans and
urban area projects. Private projects, on the other hand, refer to the projects aiming at the
private use. Communication in large public projects, such as the development of a new
campus area for students, may utilize active collaboration possibilities from social media in
order to create an environmentally sustainable project (see Smart Campus, 2012). Smart
CAMPUS –pilot project of campus buildings in four European universities (Helsinki, Lisbon,
Lulea and Milano), is amongst projects that aim in social media implementation to actively
engage in co-creation and co-design of sustainable solutions like achieving a significant
reduction in energy consumption through Living Lab method.
Users need easy to use interfaces to access information. According to Brabham (2009),
various factors like suitable web interface, technological availability and users capabilities
have an influence on the easiness of use. SoftGIS, an application with map interface is mostly
used in collecting localized information from individuals and community (SoftGIS, 2012).
The approach is suitable for e.g. citizen comments on existing surroundings or collecting
regional development input to proposals. These tools can furthermore be used use to collect
and combine information to develop databases and maps of local habits and trends for cities
(Nyame-Mensah, 2012).
Social media utilization helps in influencing product sales through ‘Discovery,
Engagement, and Purchase’ (Tate, 2012). Customers normally search and discover for the
products and services they need and social presence in web world is one of the requirements
to let the customers discover them. Engagement stage after the discovery is critical as it
provides or should provide customers to “amplify” the product; and amplification is the
process where customers have the possibilities of personalizing the product to his or her life
(Pitta, 2012). In participatory urban planning projects, where public involvement is of a
central concern, crowdsourcing is a promising method to collect creative solutions from
citizens in an organized way (Brabham, 2009). Crowdsourcing is a form of collective
218

Päivi Jäväjä, Sunil Suwal, Janne Porkka, Nusrat Jung

intelligence enabled with new technologies (Bucheler and Sieg, 2011). This method in
planning activities still lacks web tools specifically needed for developing planning
proposals.
3.2 Towards visual communication
Usually the problem in not to understand the content in design proposals is related how
they are communicated. Layout drawings are not the easiest format for people without a
professional background to understand. The need to design the product from the customer’s
perspective is important in achieving customer satisfaction and quality (Kärnä, 2004) A
customer’s decision to commit the funds for a building is traditionally made when the product
is still a sketch on the designer’s drawing board with preliminary financial and planning
information (Dulaimi, 2005). We need more use-friendly communication channels to convey
design messages. Visualization is the easiest approach to be used for enhancing the
communication between various stakeholders, and the second generation of social media
provides potential for the construction industry, enabling utilization of 3D virtual world
(Porkka et al., 2012). Currently, the industry uses virtual models for selling purposes. Model
based designing tools provide a good starting point for these Virtual Reality visualizations.
Those 3D applications, on contrary to model based design applications; can be used for
generating feedback through an active participation of end users (Jäväjä et al., 2012).
Augmented reality (AR) technologies furthermore enhance visualizations of virtual model
in real world. It supports real-time interaction between the users, real and virtual objects by
employing computer vision, image processing and computer graphics techniques to merge
digital content into the real world (Siltanen, 2012). Not only AR technology is able to enrich
visual communication but also enables mobile location-based feedback from the construction
site to be attached to virtual building model produced with CAD and BIM systems
(Woodward and Hakkarainen, 2011). This technology adds value to the construction projects
and is widely recognized as one of the most promising applications field for AEC sector.
4 INTRODUCTION TO CASE STUDIES
The customer orientation approach in this paper is based on three consecutive case studies
utilizing visualization for project communication in Finland. All three of the cases are urban
planning projects. We collected measurable data with self-completion questionnaires from
each of the case studies and results are analyzed in the next chapter.
4.1 Finnoo-Kaitaa area development project
Finnoo-Kaitaa area is located at Espoo city, about fifteen kilometers west from the capital
Helsinki. The city of Espoo hired a multidisciplinary consultant WSP Finland Ltd. for the
concept development. Upon completion, the area is projected to house nearly 20000
inhabitants and several thousand jobs (WSP Finland, 2012). The aim in project is to enhance
citizen participation for the development. The Finnoo-Kaitaa area was developed in the
concept development phase through workshops and proactive methods involving jointly
residents, non-governmental organizations, professionals and city representatives.
The development plan is built around a new underground metro station called Finnoo,
which is the focal point of the area development. Building and urban plan development
through model based planning utilized both BIM in buildings and GIS data for surroundings
and infrastructures. In one of the workshops, virtual model operated in Novapoint Virtual
Map application was used to assist discussions between stakeholders on services. The city of
Espoo has also a web portal dedicated for sharing area development information to the end
users (Espoo, 2012). It currently incorporates social media tools in a form of a development
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forum (Joukkoenkeli, 2012) where registered users can freely propose new ideas on what
they wish to be considered in the development and like comments of others.
4.2 Nissola street and railway plan
The area is located at 45 kilometers North-West from Helsinki in Vihti. The project aims
at removing grade crossings from the railway passing the municipality and providing better
road traffic connections. There will be a new under passing constructed. First, three
preliminary alternatives were developed, and later, the officials of municipality selected one
of the one options to be developed further into a general plan. On 23rd of May 2012, the
developed option was presented for the audience in a public hearing event (Vihti, 2012).
Virtual model of the plans was used in communication of plans for stakeholders. For
professional collaboration, Novapoint Virtual Map application was used as a viewer
environment where models made by the various planners were collected and presented
simultaneously. Interestingly, the project had a bold target on utilizing social media as
participative method to in order to enhance various stakeholder possibilities to contribute plan
development. Therefore, a game based visualization solution developed by Sito Ltd. was also
introduced. This socially triggered Internet application enabled citizen comment posts to the
virtual 3D plans. The viewers were able to fly over or wander around as an avatar person.
According to Sito Ltd., this was the first Finnish project to deploy the web-based game
technology environment to collect citizen feedback in an urban planning project (see Figure 1).
After the public hearing, the solution has been progressively developing with new functions,
such as live weather conditions and an opportunity to change viewing time effecting to for
example lighting levels.

Figure 1: Comment feature in Internet based virtual model of Nissola street and railway plan at Vihti, Finland.

4.3 Inkilänportti retail area development project
The upcoming Inkilänportti retail area is located in Kirkkonummi municipality, 25
kilometers west of Helsinki city. The development housed 50 hectares of land that is
predominantly forest with sparse settlement. Finnish Consulting Group Ltd. was
commissioned by the landowner for the development. An innovative use of BIM in project
management has been seen as an effective tool for the project management, as well as for
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collaboration and communication within the planning team and the other stakeholders
(planners, landowners, citizens, municipality and regional authorities). The participatory
method was also tested in a planning group. Virtual model incorporating models from various
sub plans was operated in Novapoint Virtual Map application in a design review meeting
context. The test was promising and the use of model based design applications had already
proven to be beneficial.
5. CASE STUDY RESULTS
Technically two customer-oriented approaches were utilized in plan visualization. Two
case studies are presented as ‘Finnoo’ and ‘Inkilänportti’ where the virtual model was shown
in a multi-user virtual environment at Technical Research Center of Finland VTT. The
immersive environment completely surrounds the users with three large 2x3m back-projected
display walls located at 45 degrees angle in front of the round office table and seats. We used
Novapoint Virtual Map viewer application to communicate plans. For the “Nissola” case
study, a more conventional virtual environment was used. The plan was presented in a
standard beamer-equipped classroom with the reduced level of immersion.
We recorded the meetings and collected participant feedback on visualization with selfcompletion questionnaires. The same nine fixed questions on customer-orientation were
asked in three case studies to understand interviewee experiences. The combined sample size
of three case studies was 37 respondents. The questions were answered in 7-scale rating,
ranging from completely disagreeing (1) to completely agreeing (7). The selected results are
expressed as percentages in Figure 2.
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Figure 2: Questionnaire results presenting customer orientation regarding the use of virtual models in the three
case studies of Finnoo, Nissola and Inkilänportti.

Altogether, the use of virtual models as a communication tool seemed beneficial in all case
projects. It was outlined by the project managers that primary focus of virtual environment
was design coordination, communication and collaboration between experts, and towards the
public audience. The results showed that a vast majority of respondents considered virtual
model beneficial (73-85%). However, in ‘Nissola’ differed from the other two cases. This
may be partially because the audience consisted mostly residents, who had a limited exposure
to virtual reality media. The quality of model, on the other hand, was considered very good
particularly in ‘Nissola’, where nearly a third of respondents completely agreed it being
realistic. Since the virtual model was presented in a public hearing, it was thoroughly
prepared and 82% of respondents agreed it being pleasant. On the contrary, 23% of people
reported the models in ‘Inkilänportti’ and ‘Finnoo’ unpleasant. This could be because these
models where partially developed for drafting purposes and were not detailed enough. To
summarize, we feel that the closer the model gets to reality, the better response it gains from
customers. Likewise, we recalled biased answers on the interest to use technology in future
and having virtual models communicated through the Internet. A reason for this might be
rational ignorance (Krek, 2005; Poplin, 2012). People without professional background might
not relate with the model and are used to a more traditional communication.
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6 DISCUSSIONS
Since results are drawn on a sample of 37 respondents, the statistical analysis of results
has its limitations. We have tried to make a study rigorously and there are two reasons for
using such a small sample. The multi-user virtual environment at VTT, which was used in the
cases of ‘Finnoo’ and ‘Inkilänportti’, has a seating arrangement suitable maximum of 12
persons. This small sample represents the key stakeholders in two construction projects. The
sample size is majorly affected by number of key stakeholders depending on the size of the
project. The presented sample indeed included all the key stakeholders. The third case study
‘Nissola’ dealt with end user participation. The research was conducted in a public hearing
event, where number of participants depended heavily on a region and how the event was
organized. These issues were not on the responsibility of researchers, and unfortunately, a
limited number of residents participated to the hearing. People rationally ignored this
opportunity to comment plans for their neighborhood. Therefore, there is a strong need to
revitalize end user participation in public projects in near future.
Case study results, on the other hand, represent a clear message that the voice of customers
and end users should be heard and considered (virtual reality was beneficial by 73-85% of
respondents). The case study of ‘Nissola’, in particular, demonstrated how Internet based
virtual model could be used by audiences to navigate the urban proposal, post comments on
the model elements. When they were asked for an option to use virtual model in Internet, the
opinions of interviewees varied throughout the three cases. In Finnoo area development
project, 92% agreed strongly because the opinions of citizens should be heard as a part of the
concept development. At ‘Nissola’ and ‘Inkilänportti’ the results were more biased. The
audience in ‘Nissola’ included mostly residents, while the other two cases primarily engaged
professionals and landowners involved in the project. Thus, results indicated a pattern where
over sixty percent preferred Internet based social approach.
7. CONCLUSIONS
In the future vision of built environment, the role of customers and end-users is more
emphasized. The construction industry is highly competitive environment, which raises
demands within the companies to differentiate. One of such approaches to differentiate is
customer orientation, aiming to provide better quality and customer satisfaction.
The virtual environment approach presented in this paper clearly enhanced the design
coordination between professionals, municipalities, residents and other interest groups.
Although the sample size was rather small, visual communication supported early recognition
of project related problems, resulting in improved decision making. Therefore, customer
orientation may benefit greatly from the visual means of communication. Besides, virtual
environments help to present and communicate proposals to the customers. Similarly they
provide an opportunity to actively participate in projects and realize the results of made
investments (collective intelligence). The upcoming challenges in participatory projects are
associated with rational ignorance and it is crucial to find ways to motivate end users in order
to enhance their engagement to discussions and making decisions.
The construction industry has now an opportunity to utilize customer driven work
practices through visual social applications in projects to communicate with experts and
audiences. The literature indicates that the development of tools is benefitting end users for
collaboration in construction projects. Social applications are becoming widely accepted, but
their integration to BIM technology still requires a wider research approach to be
implemented in the future. Social media also manifests the easy access of information to be
taken into account. One of the most important considerations for future is how to listen
properly the voice of customers and end users in the development of built environment. New,
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easy to use, social applications could help to overcome the barrier in practice. Additionally,
the concept of crowdsourcing may support built environment solutions with supplemental
qualities orienting to public participation.
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Abstract. This exploratory and conceptual article sets out to research what arguments and
possibilities for experimentation in construction exists and if experimentation can contribute towards
more innovative construction as a whole. Traditional, -western- construction is very conservative and
regional, often following a traditional and linear design process, which focuses on front-loaded cost
savings and repetitive efficiency, rather than securing market position through innovation. Thus
becoming a hindrance for the development of the sector as a whole. Exploring the effects of using the,
in other design-sectors commonly and successfully practiced, “four-phased iterative method” in
architectural construction could be the start of transforming the conservative construction industry
towards a more innovative construction industry. The goal of this research is to find whether the
proposed strategy would indeed result in a higher learning curve and more innovation during the architectural- process. Preliminary research indicates that there is argumentation for a more
experimental approach to construction.

KEYWORDS: experimentation, design process, innovation, construction, loosely coupled
system
1 INTRODUCTION
Innovation, and experimentation in particular in construction is a though topic. In light of
negative economic trends, sustainable innovation and future prospects, this exploratory and
conceptual article tries to discover what arguments are to be found for experimentation as
part of an innovative construction industry and presents a solution which can help to increase
the innovating abilities of companies in the Architecture, Engineering and Construction
industry (AEC).
1.1 Incentives for a higher innovating paradigm in the AEC industry
The pursuit of knowledge -and the power and wealth that it brings- is the rationale behind
innovation. Knowledge enables us to understand, react, expand and control. (Thomke, 2003)
The more knowledge we have, the more we can hope to control and the more powerful we
are in influencing the way we live (Morris, 2008). Innovation is also a strong measuring
factor for success according to the Global Competitive Index (Schwab, Sala-I-Martin, &
Greenhill, 2011).
Thomke (2003) states in his book ‘Experimentation Matters’ that: “Innovation is the
process that creates something new and improves the ability of each person, company or
nation to grow and develop”. Saren (1984) gives a similar though more rigid definition of
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innovation which is dependable on the success of the invention: “Innovation is the process by
which an invention is first transformed into a new commercial product process or service”
Although paradigms that support innovation in itself are not a necessarily a goal
themselves, strong arguments can be made that support –higher- innovating paradigms in the
AEC industry. Current –negative- economical market trends as described by Wamelink
(2008) and Nelisse & Dieteren (2009) suggest that AEC companies need to innovate and
adept in order to regain or improve their economic growth and level of competitiveness. We
can describe these arguments as “pushing” forces.
From a “pulling” perspective are changing market demands and future prospects on AEC
products in performance, complexity and sustainability, which call for more innovative
products and solutions. Companies have to react to these upcoming trends to maintain in
business (Braungart & McDonough, 2002), (Ahlberg, et al., 2012) (Ellen MacArthur
Foundation, 2012).
We can thus conclude that there are substantial incentives on economical and
environmental levels for companies in the AEC industry exist that support a shift towards
higher innovating paradigms. This assumption is confirmed by the extensive research by
Drucker, (1999) who, in his studies about entrepreneurship and innovation, discovered that a
positive link between companies receptive to innovating ideas one the hand and economical
growth on the other hand exists, often leading to the survivability and increased leading
position of that company in its respective field.
1.2 The AEC industry as a loosely coupled system and its effects on innovation
In Dubois and Gadde (2002) the current AEC industry is looked at as a loosely coupled
system. They state that a loosely coupled system is a way to explain the mechanism that is the
AEC industry (Weick, 1976). Dubois and Gadde (2002) emphasize that the preferred patterns
of couplings in the AEC industry favour short-term productivity and suggests that this
hampers the ability to innovate and learn. The industry makes the new pattern of couplings on
each construction site an experimental workshop. Though experimental workshops are, from
an innovating standpoint, breeding grounds for new innovations, such is unfortunately not the
case in the AEC industry.
Learning, Economical growth, innovation and competitiveness relate to each other.
(Jiménez-Jiménez & Sanz-Valle, 2011), (Chesbrough, 2003) (Nooteboom & Stam, 2008)
(Drucker, 1999). These studies found a relation between organizational learning and
organizational performance, which suggest that entrepreneurs who are able to learn and adept
stand a better chance of sensing events and trends in the market environment, and even
through radical innovation become market changers. The need for organizational learning in
the construction industry is identified by Franco (2004) who claims that “learning
processes... ...as a critical missing process in conventional construction arrangements”
In research on innovation systems, learning is one of the key factors (Lundvall 1992).
According to Teece (1998) the opportunities for learning are closely related to previous
activities and experiences. If many aspects of a firm’s learning environment changes
simultaneously the ability to form cognitive structures favouring learning become severely
restricted. This is a problem because learning is ‘a process of trial, feedback and evaluation’.
Gann (1996) argues that this process is seldom accomplished in construction and concludes
that ‘each house is treated as a pilot model for a design that never had any runs’. It seems to
be the case that the pattern of couplings does not foster economies of scale in design,
planning, and construction while they are beneficial for economies in manufacturing of
building materials.
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The lack of learning and innovation are partly accredited to the project based organization
of the AEC industry (Dubois & Gadde, 2002). One of the reasons is the temporary nature of
projects and no guarantee of future continuity in the working relation with team members.
Based on the research, we can conclude that the structure of the organization of firms
within loosely coupled systems, such as the AEC industry, limits the means of innovation and
learning. The strongly decentralized decision structure is one of the key reasons. The loose
couplings in permanent networks also serve as a barrier against innovations. For example,
long term relationships beyond individual projects are necessary for learning and innovation.
If the AEC industry pays less attention to project boundaries, there would be more
possibilities for (radical) innovation and continues learning.
2 A VIEW ON ORGANISING INNOVATION
In chapter 1.2 we described the Architecture, Engineering and Construction industry as a
loosely coupled system. Although this paper focuses on the possibilities for a higher
innovating paradigm from a company’s perspective, an effort is taken to describe the AEC
industry from a markets perspective on the innovative behaviour of the sector as a whole.
This would allow for better positioning of a higher innovative paradigm within the AEC
industry.
2.1 differences in market dynamics based on innovative behaviour
Pavitt (1984) tries to ‘explain similarities and differences amongst sectors in the nature
and impact of innovations.’ His research led him to the recognition of four different sectors:








‘Supplier-Dominated’; are sectors such as the agricultural sector and the construction
industry with a large number of small companies. Technology is often supplied by
suppliers and external R&D institutions, but also by large customers such as
governments. Foremost reason for innovation is cost-reduction trough process
innovation.
'Scale-intensive’; includes for instance bulk materials (steel and glass), food industry
etc. The innovative companies are often large companies with their own R&D
departments. Most important motive for innovation is the cost reduction (especially
process innovation) and development.
‘Specialized-suppliers’; are devices and instrument construction. Most companies are
often small in size and innovation is most of the time send to customers. Not the costs
but the performances are the foremost reason for innovation. Product innovations are
dominant in this sector.
‘Science-based’; Are the electronic, chemical and pharmaceutical industries. They
often consists out of large to huge companies with own R&D companies which also
receive input from fundamental science.

Between these sectors an exchange of technological knowledge occurs. According to
Pavitt the relation between market dynamics is subject to stereotypes. The dynamical
taxonomy shows the relation between the different market dynamics (Figure 1). The loosely
coupled AEC industry, which is characterized as ‘supplier dominated’ by Pavitt is heavily
dependent on science based and scale intensive firms. Also notable, it does not create
something itself, but is rather an end user of innovations.
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Figure 1; Sectoral Taxonomy

Based on the description of the current AEC industry on its innovative behaviour, we
conclude that the current environment as described by Pavitt (1984) and De Jong (1998) does
not stimulate innovative behaviour. The current market does not offer companies in the AEC
industry the intrinsic abilities to adapt or realize the pushing and pulling incentives as
described in chapter 1.1.
2.2 Levels of innovation
We learned that the building industry currently is categorized a supplier-dominated market
(Pavitt, 1984). The theory of market dynamics in relation to their level of innovation seems to
be substantiated by the work of Freeman and Perez (1988). Freeman introduces and classifies
four kinds of innovation levels;








Incremental innovations; These are permanent in every branch. This type of renewal
is the result of planned actions, but also occurs from bottom-up by for example the
workplace of users of the product. (‘Learning by doing’ and ‘Learning by
using’)These changes are small and process-orientated
Radical innovations; These are discontinuous events. They often include drastic
changes such as the use of a new material (nylon for instance) which hits multiple
sectors at once and can even create new sectors
Changes of ‘technology system’; These are far-reaching technological innovations
that hit multiple sectors at once, but also lets new branches emerge. Changes in
technology systems are often the results of a combination of ‘incremental
innovations’ and ‘radical innovations’. E.g. the first plastics of gunpowder.
Changes in ‘techno-economy paradigm’; some changes are so far reaching that they
have an influence on the whole economy. This is the result from a cluster of
‘technology systems’ changes. The invention of micro-electronics or steam power is
such an example.

Bers et al. (2009) give the following insight in radical innovation: “…creates an entirely
new set of performance features; improvements in known performance features of five times
or greater; or a significant (30% or greater) reduction in cost”. With the shifting market
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dynamics the construction sector could change from a mainly incremental innovating sector
to a more radical innovating sector. The reason for radical changes is described by Bers
(2009) who states that: successful radical innovation require a major crisis or market
opportunity. If the construction industry wants to develop into a market with more innovative
capabilities, the innovative process has to change as well. Based on the market prospects and
the change in demands on products from the construction industry, development of the
sector’s innovation dynamics towards a system that supports radical innovation seems the
logical choice.
The research about radical innovation led to the introduction that experimentation is an
integral part in reaching radical innovation. (Bers, Dismuskes, Miller, & Dubrovensky, 2009)
This is also described by Hekkert (2010) as crucial for entrepreneurs, who need to translate
the potential of new knowledge in new market opportunities through experimentation. We
can thus assume that with the change to a more innovative construction which facilitates
radical types of innovations, experimentation needs take a crucial part in the innovation
process.

3. ABOUT EXPERIMENTATION
In his book about why Experimentation Matters, Thomke (2003) describes that according
to his studies in the pharmaceutical, computer chip, and automobile sectors the core of each
innovative process consists out of a series of experiments which are framed in a four-phased
iterative process (figure 2). In his book he claims that by rule all experimentation consists out
of iterative attempts to form a solution. These iterations can range from several to tens of
thousands. As projects progress and mature, cycles tend to include models of increased
fidelity and finally move to complete representative prototypes. Prototypes are used to test
structure, design, function and manufactory.
The result of each experimentation cycle is analyzed and used to improve the next round
of experimentations. The resulting knowledge comes as much from failure as from success in
these experiments.
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Figure 2 Deterministic model

Every experiment generates information which in turn forms the input for new
experiments. However, well structured and integrated into organizations, experimentation and
innovation become potential shifters in market, industries and even cultures (Chesbrough,
2003). Visa versa, Thomke states that the rate of learning is influenced by a number of
factors. These factors affect different things, ranging from the innovation process to the
management of innovation.
3.1 Introducing the four-phased method.
Experimentation is done by iterative attempts to find answers. These “cycles” are here
presented in two models, based on the work of Thomke. Both methods are describable as a
four-phased method, but vary between deterministic and emergent (Figure 3). They both
function on the same principles and the description of the phases is for the most part
identical:


The First Step is the start of each typical experiment which begins by selecting one
or more possible concepts or designs. Since the outcome is not yet known nor
understood, the right concept might or might not be among them. Because the end
result is not yet understood, one cannot expect that the solution is among the concepts.



The second step consists of building virtual models or physical prototypes of the
design(s). These models are used in experimentation. The focus of each model should
solely be on that which is about to be tested. (A paper model of a building is probably
no use when testing for fire safety)



The third step is the testing of the concept(s) through a number of experiments.
These experiments should be able to validate the desired outcome of the solution such
as the requirements and constraints. These tests are known as the trials. Each
particular trial will result in new information and learning. The most useful are the
experiments that lead to unforeseen failure or error for they enable a higher learning
curve until the right answer is found.



The fourth and final step during a cycle is analyzing the test results. Based on these
results the design is altered accordingly and the whole cycle is repeated until a
desirable result is achieved.
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Figure 3 Emergent Model

4. TESTING TWO TYPES OF EXPERIMENTAL METHODS AS TOOLS FOR
RADICAL INNOVATION IN CONSTRUCTION
In the above two approaches to experimental design have been presented, deterministic
and emergent. Both approaches can be connected to the four-phased method introduced. The
research reported tested both approaches to the four-phased method in a construction setting.
The research was carried out by students. First one design model was tested. In
advancement to this design challenge an exercise and artefact were devised (to design
additional creativity-inspiring space on an existing rooftop) and the new experimental design
model was provided and explained. The group designed strictly according the explained
model. To maintain objectivity and ensure quality of the design and monitoring the design
process weekly sessions with professors and experts took place, during which
recommendations and experiences were discussed. Meanwhile experiences were collected
from the group. After a period of two months (including 2 weeks of no exercise between the
1st and the 2nd exercise) the same group was presented with the other experimental design
model but the same artefact and objective. The same exercise was carried out, but now
according to the newly presented experimental method. The new method was modelled partly
on the feedback of the first exercise. Feedback and weekly sessions remained the same.
4.1 Deterministic four phased method
First, the previously described four phased method was used as a direct attempt to convert
the four phased iterative process into an appropriate design method for construction
(Gjaltema, 2012). This experiment was conducted applying a controlled i.e. deterministic
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design process to find out whether this method could indeed be translated into a useful design
strategy. In practice the use of this method in this manner proved to be difficult, while the
process appeared to be relatively deterministic. This notion led to the conclusion that further
development of the method into a more open process was necessary, but on the other hand,
that it was too early to conclude whether or not such a method would have any merit in real
practice.
The application of the four phased method applied to a controlled design process in a
construction setting led to the following four key insights:
1. ‘The design process needed to be considerably structured; the lack of structure to the
design process resulted in ‘congestion’ of the entire process due to uncertainties. As a matter
of fact the uncertainties had to be found out during the course of the design process itself.
This proved to be vicious problem to get the design process started and to keep it going.
2. 'The problem definition needed to be structured beforehand’; There was no presence
nor possibility to put in place the proper preconditions for a deterministic design process,
such as starting the process with description of the current state of the design process,
structure to how new demands could be handled or incorporated in the existing design
question.
3. ‘The use of variations needed to be brought to a parallel sequence rather than a linear
sequence’; the goal of the design method was to achieve a steeper learning curve through
experimentation and enabling room for radical innovations. However due to the linear setup
of the process no argument existed for participants in the process for exploring new
possibilities further than the horizon of the stage of the process they had been involved in.
4. ‘Clarity about the following iteration needed in the design process to gain better
results’; this linear design approach followed the ‘four cycle process’ and eventually
resulted in one possible answer. However, in case of a negative or unsatisfactory outcome no
clarity was given within the model what the following steps should be to improve the next
round of the iterative process. As a result one could conclude that this kind of design
approach, although experimental by nature, will probably not have led to radical innovation.
4.2 Emergent four phased method
Rather than the deterministic approach, an emergent approach to experimental design was
expected to lead to radical innovation more probably. In the test of this research an emergent
process was devised to begin with phase 1, ‘design’. This phase started with “design A times
N”. N is the number of models or testable objects. The next iterative round will be round B,
etc. Next, models of the designs from phase 1 will be built in phase 2, ‘build models’. During
phase 3, ‘run experiments’, experiments are done on the models. Each criterion that has to be
has its own research line. Sometimes this means that more than one model has to be made for
the same iterative cycle, to test different criteria accordingly. The results are all combined,
analyzed and evaluated in phase 4 ‘Analyze and Evaluate’.
This will either result in a final product, or in a new adjusted iteration of the model. The
adjustments can be made on various levels, such as a rerun of the tests under different
circumstances, a new model or even new or more designs. Goal revisions or new searches are
also amongst the possibilities. The number of iteration cycles is unlimited, and will go on
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until a satisfying answer is found in accordance to the problem definition. In this design
approach, because of the iterative and emergent elements, radical innovations had been more
likely to be achieved.
5. DISCUSSION
The goal of innovation through experiments is to reach understanding and contribute to
progressive change (Morris, 2007), (Carlisle & Manning, 1999). Often throughout history
progressive changes such as the invention of the microwave oven, vulcanized rubber and
penicillin are the results of accidental discoveries during experimentations. And these are
only the cases that led directly to inventions that we know of. Given to the notion that the
gain in knowledge through experimentation is as often from failure as from success (and
arguable even more) (Thomke, 2003), a strong case for conducting broad experimentations
with uncertain outcomes can be made.
One could say that ‘learning by experimentation’ appears to be deterministic. The
philosophy about determinism describes that ‘Determinism states that for everything that
happens there are conditions such that, given those conditions, nothing else could happen’.
(Doyle, 2011) Another term which is often introduced is ‘cause and effect’ (Loewer, 2001).
When compared to the above model, the iterations can be describable as ‘cause and effect’.
The result of one iteration leads to adjustment in the next. However, the adjustments are
always reactions on the outcome of the previous round. Therefore, theoretically, at any time
during the process only one possible outcome exists (although the outcome might not be yet
known).
In light of the lack of innovation possibilities that research on loosely coupled systems
suggested, the introduction or use of an iterative model that supports multiple experiments at
the same time would be favourable. The results found in Gjaltema’s experiment are also
described in Saren’s analysis of different innovation models (Saren, 1984). He summarizes
the same procedure as Gjaltema used as linear. He formulates definition and criticism as “A
straightforward process from stage to stage, and gives no indication of the alternative paths
available at particular points in the process. In reality, several such alternatives are possible
and the existence of alternatives requires decisions to be made....”
Perhaps a comparison can be drawn between this method and the evolution in nature.
(Darwin, 2009). Through mutation existing species develop and new species come into
existence. However, if a mutation shows no improvement or benefit, it fails. (E.g. the species
does not survive). One could argue that nature discards her failed experiments. However,
with the discarding of experiments the knowledge developed alongside it is also lost. This
comparison is an example of what happens in the proposed four-phased method. There is no
room for the storage of knowledge and at the same time it would entirely be possible that
those failed experiments in other scenarios could have had great contribution to the
development of others. The loss of both knowledge and other possible outcomes is contrary
to the goals of experimental innovation.
In light of the character of this paper an additional investigation was made to establish the
relevance of this document compared to existing work. The traditional organisation of the
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construction process stood central in this investigation. The conclusion of the comparison
with several other studies on comparable topics e.g. (Bakens, 1992), (Louwe & van Eck,
1991), (Louwe & van Eck, 1992) & (Hawk, 1992) was summarized best by this statement:
“In all Western industrialized countries people recognize or are starting to recognize the
traditional segmented organization of the building progress as a major problem in general
and as a major hindrance for innovation in particular”.
6. CONCLUSION
Although conceptually, the main conclusion of this paper is that emergent experimental
approaches to design are more likely to result in radical innovation than deterministic
experimental approaches. In the research the presented design methods were unfortunately
tested only once. Although the experiences from this test are no solid ground for the
propagation of experimental designing in construction and architecture in particular, it did
show appropriateness of the methods applied, and a steeper learning curve than expected.
Particularly the second emergent method was effective. The iterative cycles and the
hierarchical template of the method provided direction and created an environment in which
the testing could take place efficiently without fear for losing track of the progress. This was
the case in the first deterministic method.
The steeper learning curve was achieved through the engagement with the proposed
variations in each round and active testing on predetermined conditions. Rather than passive
testing based on emotions and irrationalities, this method actively looks for the same answers
in each model with the same preconditioned values. Although both the active and passive
testing engages in the reflection-in-action paradigm, the active testing also engages in
conversation between the different models trough the use of the standardized logs. Thus being
distinctively different from traditional design methods.
By allowing the first cycle to deliver products that were not rigidly based on the problem
definition a much wider field of possibilities is opened, thus enabling much higher innovative
possibilities. At the same time higher levels of innovation are reached during the cycles
where by testing different models the possibilities for new materials and products is
stimulated.
The results of this research on experimental design strategies are promising. However,
more research is needed before this approach can be used as a valid design method in
practice. Research is needed in the mechanics of the method itself. Testing the method on
more cases is strongly recommended. Secondly, economic questions such as the time and
costs of using this method compared to be other design strategies have to be considered and
researched before a complete answer can be given whether this proposed method is really
viable as a solution to more innovation and a higher learning curve in the building sector.
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Abstract. A firm’s competitive advantage depends on its resources and how to manage them with the
right strategies. The purpose of this study is to describe and analyze the strategies of a prefabricated
housing producer. The firm produces multi-storey buildings of timber and has won national prizes
due to its entrepreneurial success. The study was carried out through informal interviews with the
firm’s owners, through observations and documentation from the firm’s archives. The study revealed
that resources and dynamic capabilities are necessary to form restructuring strategies with the
environment acting as a catalyst in this process. Two principal restructuring strategies occurred in
the firm: (1) to make prefabricated houses and (2) to move into the real-estate business. As a first
mover in the market to develop a building system, the firm gained a competitive advantage. The
resource of the factory and employees conferred competitive advantage in terms of economies-ofscale. To be a successful entrepreneur depends on building dynamic capabilities. The same managers,
building system and employees over the years sustained knowledge transfer between projects.
Incremental improvement could therefore occur through learning by experience, which is the very
essence of dynamic capabilities. This also fosters innovation. The study also shows that restructuring
strategies arise not only from opportunities but also from riding out a crisis.

KEYWORDS: prefabrication, house-building, strategy, resource-based view, dynamic
capabilities

INTRODUCTION
To succeed in business is a challenge for every firm. Each firm has its unique resources
and a unique way of managing them (Eisenhardt & Martin, 2001; Penrose, 1959) and is
something that applies to construction firms alike. For example, industrialized house-builders
organize their resources differently to firms whose main production is carried out on a
construction site (Koskela, 2003). The physical resource of a factory, its employees and the
expertise within the firm creates a particular building system that forms the basis of a firm’s
strategy (Eisenhardt & Martin, 2001; Penrose, 1959). According to Teece (2007), resources
are governed by ‘dynamic capabilities’, which is something that cannot be acquired, but takes
time to develop and which is affected by cultures, values and organization. The history of a
firm is therefore important for its future strategies. To adapt to an ever-changing
environment, dynamic capabilities must also be continuously be updated into new strategies
(Teece, 2007). The purpose of the longitudinal case study presented in this paper is to
describe and analyze the strategies of an industrialized house-builder through the resourcebased view of the firm.
2 RESOURCES, DYNAMIC CAPABILITIES, THE ENVIRONMENT AND
RESTRUCTURING STRATEGIES
The management of resources in terms of dynamic capabilities can create restructuring
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strategies for sustainable competitive advantage. The resource-based view of the firm
explains a firm’s success or competitive advantage of the internal organization from a set of
resources that are unique to each firm and each moment in time (Eisenhardt & Martin, 2001;
Penrose, 1959). The resource-based view has, more recently, been expanded by Teece (2007)
with dynamic capabilities. Some firms are more successful in situations of rapid and
unpredictable change. The environment is constantly changing comprising of, for example,
economic recessions, technological obsolescence, infrastructure and operational
inefficiencies (Pearce & Robbins, 2008). When the environment is shifting, the dynamic
capabilities by which firms ‘integrate, build and reconfigure internal and external
competences’ are the source of sustained competitive advantage (Eisenhardt & Martin, 2001).
Restructuring the firm based on the changing environment is a reactive change in operations
of a business to stabilize economic performance (Bowman & Singh, 1993). Dynamic
capabilities alone cannot sustain competitive advantage: the resources must exist to be
reconfigured into new strategies (Eisenhardt & Martin, 2001). Resources, dynamic
capabilities and reconfiguration strategies will now be further explored.
Resources can be physical (e.g. specialized equipment, geographic location, raw
materials), human (e.g. expertise in construction), and organizational (e.g. a stable
workforce). A firm’s resources are argued to be scarce and endowed with different levels of
efficiency (Peteraf, 1993). The goal is to capture the conditions under which the most
efficient resources, i.e. superior resources, can be sustained. According to Barney (1991),
competitive advantage can be sustained by the fulfillment of three criteria: imperfect
imitability, imperfect substitutability and imperfect mobility. If firms that do not possess a
resource cannot obtain it, it is imperfectly imitable. If resources are substituted but cannot
sustain competitive advantage over the long-term, imperfect substitutability is implied. If
resources are non-tradable or less valuable to others, it signifies the occurrence of imperfect
immobility. A resource is also something that can be thought of as strength or a weakness in a
firm (Andrews, 1971). Wernerfelt (1984) believes that the bargaining powers of a supplier
can be dealt with through control of the critical inputs as part of a monopolistic group, e.g. by
standing for a large share of a supplier’s total sales. In this way, access to the supplier’s
resources will diminish for competitors. Correspondingly, if resources can be sold in
monopsonistic markets only, the bargaining power of buyers is strong. Substitute resources
can depress returns for a given resource. The holder of a resource can in some cases
‘maintain a relative position vis-à-vis other holders and third persons, as long as these act
rationally’ (Wernerfelt, 1984, p.173). The fact, for example, that a firm already possesses a
resource affects the costs and/or revenues of later acquirers negatively. The resource position
barrier can thus be seen as a protection against new entrants to the market (Lockett &
Thompson, 2001). Wernerfelt (1984) argues that it is possible to identify classes of resources
for which resource barriers can be built up. The barriers are often self-produced, meaning that
a firm at a given time, which is ahead of others, can use these barriers to consolidate a leading
position. Wernerfelt (1984) gives four examples of resource barriers also referred to as
‘attractive resources’: (1) machine capacity, (2) customer loyalty, (3) production experience
and (4) technological leads. Machine capacity is a resource position barrier in the sense of
economies-of-scale. It would be irrational for entrants to buy the resource in order to compete
as excess capacity can be costly. Customer loyalty generates a resource position barrier in
terms of established customer relationships. For example, there are first mover advantages in
government contracts and in accessing raw materials. Srivastava et al. (2001) propose that
resources can also be seen as market-based assets in the form of relational resources which
are a form of customer loyalty. Production experience is a resource position barrier for first
movers as it takes time to build experience and lack of experience of production leads to
larger costs. Technological leads constitute a resource position barrier as they lead to higher
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returns. However, to remain market leader, technological capabilities must continue to grow.
According to Srivastava et al. (2001), knowledge about the competitive environment is
another resource, that of ‘market leads’, and which relates closely to dynamic capabilities.
Dynamic capabilities are managerial skills that continuously create, extend, upgrade,
protect and manage the resources (Teece, 2007). These are also referred to as entrepreneurial
cognition (Alvarez & Busenitz, 2001). According to Schumpeter (1934), the entrepreneur is
at the heart of the firm to form new combinations of resources. Mere ownership of resources
is not enough to stay competitive: the resources must be managed in an optimal way (Alvarez
& Busenitz, 2001; Teece, 2007). Dynamic capabilities consist of: (1) the capacity to sense
and shape opportunities and threats; (2) to seize opportunities; and (3) to maintain
competitiveness through enhancing, combining, protecting and, when necessary,
reconfiguring the business enterprise’s intangible and tangible resources. Lockett &
Thompson (2001) state that if a firm is lacking dynamic capabilities it finds it difficult to be
innovative and that has an impact on the firm’s ability to learn. Eisenhardt and Martin (2001)
interpret dynamic capabilities as ‘routines to learn routines’ and are seen as a combination of
different skills in, for example, product development and corporate decision-making.
Castanias & Helfat (2001) also point out that different managers have different skills that are
valuable in combination for the firm, which can be personality traits, functional experience
and education. Dynamic capabilities take time to develop as they occur through a learning
process (Teece, 2007). Unique stories, i.e. path-dependence, of each firm form distinctive
routines (Locket & Thompson, 2001; Teece et al., 1997). Also, repeated practice within a
certain area develops expertise (Eisenhardt & Martin, 2001) that has been observed in terms
of learning curves in manufacturing (Argote, 1999).
Restructuring strategies may, as mentioned, be necessary to maintain competitiveness
(Teece, 2007). According to Eisenhardt & Martin (2001), restructuring strategies play a more
important role than dynamic capabilities to maintain competitive advantage. According to
Bowman & Singh (1993), there are three forms of corporate restructuring: portfolio, financial
and organizational. Portfolio restructuring implies a change in the mix of business. Financial
restructuring includes changes in a firm’s capital, ownership or governance. Organizational
restructuring involves reconfiguration of departments, plant closing, downsizing or
outsourcing. If the firm is too complex, it can be beneficial to downsize (Lockett &
Thompson, 2001). The nature of the managerial skills determine how restructuring should be
carried out (portfolio, financial or organizational) depending on the environment. In the
formation of new strategies, the dynamic capabilities should constantly adapt to the firm’s
environment (Teece, 2007). As Håkansson & Snehota (1989, p.187) state ‘no firm is an
island’: a firm’s resources are affected by the surrounding environment.
Deduced from theory, resources provide input to dynamic capabilities to form
restructuring strategies and all are affected by the environment (see Figure 1).
Resources

Dynamic
capabilities

Restructuring
strategy

Environment
Figure 1 : Resources, dynamic capabilities and the environment form a restructuring strategy
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3

METHODOLOGY

Since strategies are formed upon the historical happenings within a firm (Teece et al.,
1997), a longitudinal study was chosen. Longitudinal studies are often used in sociology to
study life events throughout lifetimes or generations, and in psychology to study
developmental trends across the life span (Carlson et al., 2002). A case study is based on an
in-depth investigation of a single individual group or event (Yin, 2008). The unit of analysis
here is the leadership of an industrialized house-builder. There are three types of case studies:
explorative, descriptive or explanatory (Yin, 2008). This is a descriptive case study that
portrays the strategies of leadership over time.
The data were collected during a project running for three years. The researcher
participated in the daily activities at the company for four months. Over this period, informal
interviews and observations were made, involving personnel responsible for operations and
management. Furthermore, two workshops were organized to discuss production
improvements based on the collected data. During two of the three years, contact was kept on
a weekly to monthly basis with the company through e-mails, telephone calls and meetings.
The collected data was documented as the research proceeded and the analysis of the data
involved looking for patterns and describing these through a theoretical framework. A single
case study may appear to be little to underpin new theoretical knowledge; however, Flyvbjerg
(2001) argues that it can still be important for enhancing knowledge. A richer and more
accurate description for advancing understanding can be obtained through in-depth learning
of a particular context. In a longitudinal case study, the researcher is continuously pursuing
the perfect explanation during an extended period and can, therefore, gain a deep
understanding. For generalization however, a single case study has limitations but can serve
as a starting point for further studies (Flyvbjerg, 2001; Yin, 2008).
4 LONGITUDINAL CASE STUDY: AN INDUSTRIALIZED HOUSE-BUILDER
The firm is a family-owned business with a long history of building houses over
generations. The firm started in 1924 when the great-grandfather of the present owner took
over a water-driven sawmill in a small village in northern Sweden. In the spring, when the
water ran fast, timber was sawn at high speed and in the summer, houses were built. The
midnight sun made construction possible even at night. The Great Depression of the 1930s
also struck this small business and the firm had to shut down. A lot of people in the village
migrated to America. After the Second World War, the youngest son started up the sawmill
business again and his elder brother, studied to become a registered builder. The two brothers
had a shed where tools were kept and together they built various buildings such as kiosks,
shops, garages and special houses for wealthy and poor families. During the 1950s and
1960s, the firm attracted more and larger projects from the local municipality and
neighboring municipalities. The firm even undertook an extensive refurbishment of two
churches. In 1969, the firm acquired a housing factory and a new company was formed.
House components were now produced in the factory and transported to the construction
sites. In 1973, the economy in Sweden was healthy and a population growth was expected.
The municipalities planned a lot of new housing, resulting in the so called
‘miljonprogrammet’. The firm moved the ‘tool shed’ and the housing factory to a new
location to concentrate everything in one place. A factory building of 2,400 m2 was
completed. It was a mix of old and new machinery and now panel elements could be
produced in the factory and transported to the construction site. The old sawmill was
reconstructed and was driven by electricity instead of water. The sawmill began to produce
stairs, balconies and carports for projects. In the 1980s, the firm started experimenting with
energy-efficient buildings in collaboration with university researchers; however, the climate
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was much too cold for the system to work. Even so, the level of prefabrication increased and
a joint-venture with another house-builder was created. Now, electrical installations were
integrated into the walls to rationalize the work on site. The collaboration was a success and
70 houses were built. In the 1980s, the founders of the re-established business died, which
left two young sons to manage the firm. The core competence of the management of the firm
was however lost. The two brothers had different characters: one was fast-moving and rough
and would now handle customers and the other was more philosophical and would now
handle purchasing and production. Nevertheless, they managed the firm well and
complemented each other. An accountant was employed as a manager to recover costs on
projects and finalise contracts. In the 1980s, there was a downturn in customer demand and
the firm had to be flexible and take any project at hand even economically-risky projects like
moving buildings. The firm also diversified its activities by entering the real-estate business,
building residential homes that it also maintained. In the 1990s, the firm developed its
building system to enable most of the production to be undertaken in the factory. In this way,
the house components could be transported and reach more distant markets. The development
of the building system was undertaken jointly with the university’s researchers. The building
system consisted of volumetric timber elements, which were painted and equipped with
carpets, plumbing and electrical installations. Closer relationships with suppliers were
established to involve them more in the factory’s production and included painters,
electricians and plumbers. Roofs were also produced in the factory. All the components were
then transported by truck to their final location. In 1994, the legislation that previously forbad
multi-storey timber buildings was changed and taller buildings constructed of timber were
allowed. The building system of volumetric elements fitted in well with this change as the
volumetric elements could be piled into taller structures. The first project with piled volume
elements consisted of 168 student apartments. This first project had cost overruns of 20%;
however, the cause of the cost overrun was detected and it was possible to improve the
process as well as control costs. In 1998, the building system was further developed through
the use of IT to customize houses for clients. The new houses were exhibited at the local
Winter City Festival. The firm has participated in several research groups to refine its
building system and became successful in winning several national prizes. In 2006, the
factory was expanded, and the total area is now 17,400 m2 enabling the production of 1,500
apartments per year.
5 ANALYSIS
The model of analysis (Figure 1) includes resources, dynamic capabilities, restructuring
strategies and the environment. To analyze those resources that can be ‘manipulated’ through
the dynamic capabilities into strategies, the resources need first to be identified. The main
physical resource of an industrialized house-builder is the factory that enables economies-ofscale. The possession of machine capacity to build fast at a low cost make it difficult for new
entrants to compete. Another resource barrier of the industrialized house-builder is customer
loyalty on the part of the municipalities. The municipalities were earlier its principal clients.
This first mover advantage of contracts with the municipalities put them ahead of
competitors. The municipalities can be seen as relational resources. The firm gained the
resources of raw materials when acquiring the local sawmill (as first mover). A long-term
supplier strategy was then implemented for both products and services to secure supply. The
firm grew its human resources and technological lead by experimenting with new and more
efficient building techniques, namely prefabrication. The factory also had organizational
resources in the form of a stable workforce. The fact that the firm has regular painters,
carpenters, plumbers and electricians means a ready supply of skills. Those that are not
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employees are hired through their company and become relational resources.
The unique history of the case firm generated experience in the form of dynamic
capabilities. Each project was a learning process and as the learning curve of
manufacturers/producers gets better with each project so it did for this firm. Entrepreneurial
spirit is a form of dynamic capability that senses opportunities and reacts to them.
Incremental changes to improve after each project is a form of dynamic capability. For
example, the first project had 20% cost overruns, but the firm learned and improved the next
time. To stick to the same building system and improve it gave them production experience, a
dynamic capability that takes time to form. The move into the real-estate business gave it
experience that could be combined with its building expertise. This was because the realestate business gave them knowledge of clients’ needs and so could refine their building
techniques accordingly.
Restructuring strategies occurred in times of crisis and opportunities. When the founders
died, the firm was managed through financial and organizational restructuring. The downturn
in customer demand in the 1980s was managed through portfolio restructuring as the firm
moved into the real-estate business. It was also a form of portfolio restructuring when the
firm developed its own building system of volumetric elements in the 1990s to reach more
distant markets. The building system was developed just at the right time before the
legislation changed to allow taller buildings. This can be regarded as the most significant
scenario of first mover advantage for the firm. To hire expertise instead of doing everything
themselves (outsourcing) was an example of organizational restructuring that is continuously
growing in the firm. This shows that relational resources outside the firm must also be taken
into consideration to reach an optimal solution. The analysis is summarized in Figure 2.
Resources

Dynamic
capabilities

Physical: factory, machine
capacity
Human: expertise in building
system
Organizational: carpenters,
salesmen, purchasers, longterm supplier agreements,
customer loyalty etc.

The dynamic capabilities of
“learning to learn routines”
consist of many years of
experience in managing
construction projects. The
employees learn routines.
Managers sense opportunities
and react to crisis in the
environment.

Restructuring
strategy
Portfolio: (1) going into
prefabrication (2) going into
real-estate (3) selling sawmill
Financial: change of
ownership
Organizational: change of
leadership, close collaboration
with product and service
suppliers (outsourcing)

Environment
When the local environment did not have enough clients, prefabrication enabled distant markets
and real-estate ownership gave revenues. The governmental decision of demanding affordable
housing, ‘miljonprogramet’, enabled a vast market. Building regulations played an important role as
an enabler for the building system. The death of key people in the organization and the financial
crisis forced financial and organizational restructuring strategies.
Figure 2 : Formation of restructuring strategies at the case firm
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7 CONCLUSIONS
Resources and dynamic capabilities are necessary to form restructuring strategies and the
environment acts as a catalyst in this process. The two principal restructuring strategies that
occurred in the case firm was the decision to make prefabricated houses and the decision to
move into the real-estate business. Being a first mover in developing the building system
gave it a strong competitive advantage. The resource of the factory and employees created
competitive advantage through economies-of-scale. Successful entrepreneurship depends also
on the dynamic capability of managing resources the right way. The consistency of leadership
with the same managers, building system and employees over the years enabled knowledge
and sustained knowledge transfer between projects. Incremental improvement can therefore
occur through learning by experience. This is the very essence of dynamic capabilities. It can
be assumed that this also fosters innovation. The study also shows that restructuring strategies
occur not only to handle opportunities but as a means to ride out a crisis.
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Abstract. Organizations implement strategies in order to guide the organization into the future.
Therefore, the interpretation of the strategies within the organization is important. This paper aims to
clarify how an organization can transfer strategies to achieve a unison understanding in order to
reach organizational goals. The main research question of this paper is; How does a municipality
owned housing company implement their strategies within the organization? A theoretical framework
of recent literature regarding strategy, communication and sensemaking is used and a case study of a
municipality owned housing company is performed. The company is organized in divisions and
departments in order to both maintain existing housing and to develop the company internally for
future demands. Our method of research has been to interview three employees, working in the
company’s departments. Results from the case study indicate that involvement from all employees
creates a better understanding of the strategies. A clear structure of meetings, in which information is
shared, is used to ensure the communication within the different divisions and departments. Our
findings showed that workshops are viewed as a way to create mutual understanding. The study
concludes that the involvement of employees and sufficient communication is a key factor of a
successful implementation of strategies. Thereto, a unison sensemaking throughout the whole
organization is needed.
KEYWORDS: implementation, housing company, sensemaking, sensegiving, strategy-as-practice

INTRODUCTION
The mission of a company, regardless if it is publicly or privately owned, is to define a
reason why the company exists and to determine what the organization wants to be in the
future (Baines et al., 2011). In accordance with the mission, different goals are set and from
them various strategies emerge to give the employees and management of the company
guidelines and tasks for their daily work in order for the company to reach their goals and
mission.
According to Baines et al. (2011) organization or corporate strategy is the means by which
the resources of the organization are matched with the needs of the environment in which the
organization decides to operate. Therefore, it is important to continuously develop strategies
according to market and environmental changes. The strategies also need to be
communicated to all employees. Communication within an organization is not only written
and spoken words; it also includes the employees’ behaviour, corporate identity (e.g. logo,
design of offices and uniforms) and the intent of strategies etcetera (Clegg et al., 2008). To
make sure that the strategies are communicated, to fulfil mission and goals, a company must
be aware of the different ways an employee can interpret and translate messages and sources
of information. In organization theory this can be referred to as sensemaking. Weick defined
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sensemaking as “the ongoing retrospective development of plausible images that rationalize
what people are doing” (Weick, 1995).
The issue regarding different message interpretation of missions, goals and strategies is
something that all companies have to deal with (Clegg et al., 2008). For a company, it is
important to know and understand the different ways of how employees make sense of
directives from the top management team.
Therefore, the aim of this paper is: To map how a municipality owned housing company
communicates and makes sense of strategies. To do this, a literature study of concepts within
strategy, communication and sensemaking was conducted as well as a qualitative interview
case study of a municipality owned housing company.
2 THEORETICAL FRAME OF REFERENCE
This section intends to provide a knowledge base in order to evaluate different aspects of
strategy implementation. The theoretical frame consists of the interaction between the
perspectives of implementation from Strategy-as-Practice, communication and sensemaking.
2.1 Strategy and Strategy-as-Practice
A strategy often starts as a vision of how the company wants to be seen, or more correctly,
how the company wants to see itself (Lukac and Fraizer, 2012). Furthermore, a strategy states
what a company intends to do, but not necessarily how they plan to do so. Consequently, the
strategy tends to become an analytic tool in order to establish long-term goals and plans of
action for the organization (Mintzberg and Waters, 1985). Proceeding with a set strategy is
about matching the resources at hand with the environmental needs of the market where the
organization manoeuvres (Baines et al. 2011). Since the market’s demands change over time,
the organization’s strategies should evolve accordingly. To reach the long-term goals, the
organization is required to merge the different parts of the organization into a coherent
strategic plan.
One perspective on working with strategy is the Strategy-as-Practice approach. In this
view, an organization does not do strategy but the people of the organization do (Johnson et
al., 2007). Or as Löwstedt (2012, p. 8) states, “strategy is not something that a company has,
i.e. which exists per se, but something that the strategists do”. Furthermore, apart from
observing that people work with the process of making strategies, the importance of why and
how is highlighted within this field of research (Johnson et al., 2007). The “why” refers to
why these individuals would choose the strategies at hand and the “who” consequently being
how these chosen strategies should be implemented throughout the organization.
How individuals in an organization work with the process of developing strategy can be
referred to as strategizing (Johnson et al., 2007). Proceeding with the idea that individuals
create and implement strategy, rather than the entity of organizations, brings strategizing to a
micro-level instead of the traditional view of strategy on a strict macro-level (Jarabkowski et
al., 2007). Thus, leading to that strategizing is affected by the discourses and technology of
the organization, or institutions within which they act. Therefore, a connection with the
micro- and macro-level of strategy becomes visible. However, there are indications that often
very few individuals are involved in strategizing and, not seldom, just one, the CEO
(Löwstedt, 2012). By involving a larger part of the organization’s personnel with, for instance
through strategy workshops, the possible reluctance of adopting strategic change can be
lessened (Johnson et al., 2007). However, a strategic workshop cannot be considered a sure
way of successfully implementing strategies, since it all depends on the activities within the
workshop.
While top management teams successfully establish new interpretations of strategy, lower-
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level employees can be generally inert in accepting new interpretations (Jarzabkowski, 2008).
Consequently, people who have been involved in strategizing adopt the new interpretations at
a higher rate than people who have not been involved. Therefore, the inertia could result in
unintended consequences relating to the strategies and even a failure of introducing the
strategies altogether. When the leaders begin to implement the strategy employees want to be
able to see a logical connection between strategic initiatives and effectiveness as well as
gained value (Lukac and Fraizer, 2012). To ensure that employees see these connections,
corporate management needs practical ways to connect the strategic vision, objectives and
initiatives. For lower-level employees of the organization to be able to interpret these
connections, the strategic changes linked to stated strategies are made step-by-step
(Jarzabkowski, 2008). Consequently, the strategies become realized by the everyday action of
the employees.
2.2

Communication in organizations

According to Clegg et al. (2008), communication can be defined as an exchange of ideas,
emotions, messages, stories and information through different means including writing,
speech, signals, objects or actions. Communication can be either intentional or unintentional
(Clegg et al., 2008). It also includes multiple meanings, interpretations, distortion and
omissions, which make the process of communication complex and the importance of
choosing right communication tools is therefore crucial to avoid misunderstandings and
misinterpretations. Organizations as well as a group of people cannot not communicate
although a person or an organization might not be aware of that he/she/it is communicating
and what kind of message that is actually sent.
According to Littlejohn (1989), there are four levels of communication: dyadic
communication, small-group communication, organizational communication and mass
communication. The three first mentioned are referred to as impersonal and/or interpersonal
communication whereas mass communication is referred to as media communication.
Interpersonal communication is when you interact directly with another person and each
person’s behaviour is a consequence of the other’s (Clegg et al., 2008). Impersonal
communication occurs when people interact without direct personal contact, for instance
sending an email. Dyadic communication (two-party communication) can be both
interpersonal and impersonal. When referred to as being interpersonal the interaction between
employees in an organization is meant, both in a formal (for example a meeting) as well as in
an informal (for example during a coffee break) way. Small-group communication differs
from dyadic through the introduction of more influencing factors such as group dynamics,
formed sub-groups and established rules.
Organizational communication can be viewed as various communication patterns that
occur throughout the whole organization (Clegg et al., 2008). The patterns are created to
avoid misunderstandings and misinterpretations; thus the members in the organization strive
to create routines of communication to facilitate their management of tasks. In mass
communication there is one sending point to many receivers in a one-way manner. The
receiver is often unknown from the sender and different channels are used to transmit the
message.
The way the organization is structured can have influence on how the communication
within the organization flows and who will directly communicate with whom (Clegg et al.,
2008). The communication within the organization can be viewed as vertical, which is both
downward and upward, or horizontal. Downward refers to a message sent from a superior to
a subordinate and upward is the opposite where a subordinate sends a message to a superior.
Horizontal communication occurs between different departments or divisions at the same
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hierarchical level. According to Mintzberg (1973), an important part of the managerial work
is to provide information and facilitate communication.
2.3

Sensemaking and sensegiving

Sensemaking is a broad expression commonly used within the field of organizational
studies (Weick, 1995). However, there is a disparity between everyday sensemaking and
organizational sensemaking, which was first introduced by Karl E Weick (1995). He defined
sensemaking as “the ongoing retrospective development of plausible images that rationalize
what people are doing” (Weick, 1995). Thereto, he argues that “sensemaking is about such
things as placement of items into frameworks, comprehending, redressing surprise,
constructing meaning, interacting in pursuit of mutual understanding, and pattering” (Weick,
1995, p.6).
Organizations strive to make their members act in unison towards a common goal, which
in turn relies on a common sensemaking (Clegg et al., 2008). However, achieving this within
a group of individuals has shown to be a hard task since humans interpret things differently.
According to Fiss and Zajak (2006) organizational frameworks can be used to create a
common way of working. Consequently, simplifying the work environment by highlighting
the main elements to focus on and, thus, counteract that employees go down diverging paths.
In order for sensemaking to work within organizations there also has to be sensegiving. To
ensure that all employees comply with the organization’s vision and strategic goals
sensegiving can be used to frame a strategic change and disseminate it to the organization’s
internal and external constituents (Fiss and Zajak, 2006). Sensegiving can, in other words, be
seen as a way of making sense for others and is described by Gioia and Chittipeddi (1991) as
“the process of attempting to influence the sensemaking and meaning construction of others
toward a preferred redefinition of organizational reality”.
The process of giving and making sense naturally takes place in an iterative order, which
is illustrated in figure 1 (Gioia and Chittipeddi, 1991). It generally encompasses expanding
audiences within an organization in a progressive manner. The involved parties may differ
but what characterizes the process is how it progresses downwards along the hierarchical
structure.

Figure 1: Illustrates the iterative process of giving and making sense, in accordance with the
hierarchical structure, within a hypothetical organization (Gioia and Chittipeddi, 1991).
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Initially the company group tries to make sense of the situation they are in and what they
should focus on by creating e.g. a vision (Gioia and Chittipeddi, 1991). This is then
communicated down to the CEO who, in turn, makes sense out of it by creating strategic
goals for the company. Consequently, these goals are communicated to the different
stakeholders and members of the top management team so that they can try to comprehend
and formulate their own goals, which are communicated down to, for instance, the
employees. The loop shows how sense making within each part also can lead to
modifications of the espoused visions higher up in the system by providing feedback.
3 METHOD
This paper focuses on how a Municipality Owned Housing Company (hereafter called
MOC) can implement their strategies throughout their organization. A qualitative case study
was carried out with three semi-structured interviews with representatives from one MOC:
one department manager, one environmental strategist and one communications officer. The
department manager, who is the head of the real estate development department, is a member
of the top management team and was directly involved in the development of the strategies.
The environmental strategist, part of the real estate development department, and the
communications officer, part of the communication department, were not employed when the
strategies were developed, but work with the implementation of the strategies on a daily
basis. The interviews lasted for approximately one hour each. The method of conducting
semi-structured interviews was chosen to encourage open discussions without framing the
answers, but to still maintain the interviews within the area of research. The interviewees
were interviewed with the same set of questions although they have different strategic
positions within the company. The questions related to how MOC’s strategies are
communicated throughout the organization. To discuss the results obtained from the
interviews, a literature study of concepts within strategy, communication and sensemaking
was conducted.
3.1 Case description
MOC is a housing company, which owns and maintains approximately 23 000 apartments
and 450 commercial facilities in one of Sweden’s larger cities. The mission, appointed by the
municipality, includes development of new rental apartments as well as maintenance of
existing rental apartments. MOC is part of a company group, which consists of in total 10
municipality-owned housing companies. The company group gives direct ownership
directives to the housing companies. MOC is in turn divided into three geographically
oriented divisions (districts) and seven departments. The divisions are mainly responsible for
the operative daily work with their apartments and buildings and the employees are located in
offices in close proximity to 39 residential areas. The divisions are thus the immediate
contact area and the primary communication channel of information to the tenants. The head
office and seven departments is responsible for more strategic issues. The departments
provide support functions to the divisions, such as facilities management, financial
management, HR, marketing, purchasing, communication and property development. The
head-office and the seven departments are located in the inner city and have coordinating
roles for the whole company. The top management consists of the CEO, the head of each
department and the head of each division. Each head of division has their offices at their
division, to be able to be close to their area of responsibility, whereas each head of the
department is located at the head office in the municipality center.
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4 RESULTS AND ANALYSIS
The empirical data from the three interviews are presented and summarized in two parts:
development and on-going work with the strategies, and ways to communicate within the
organization. The disposition is chosen to simplify the understanding of MOC's continuously
way of working.
4.1

Development and on-going work with the strategies

MOC works with strategies in five-year plans and 2012 was the last year of the present
plan. Guiding the internal work, the strategies are affected by the vision that the company’s
owner has, that is communicated to MOC by a business plan. This business plan is also in a
five-year period.
At the moment, MOC has four strategies. These are; to develop the building stock, to
adapt to demands on future living, to become more business-like and to work for a long-term
sustainable real estate management. When the company made these strategies every
employee was involved by participating in large workshops. In this way, the company
received important input from every employee. In 2012 the strategies were revised for the
new five-year period that starts in 2013. This time it was only the top management team that
was involved in the work, but they discussed and analysed ideas with others at the company
to get input. The outcome of the revision process is that only smaller adjustments were made
to the strategies.
The three interviewees said that they know the company's strategies well. The department
manager had worked at the company for more than 20 years and was involved in the process
of making the strategies from start and he describes the process as unique and that time was
given to let the strategies mature within the company. The other two interviewees were not
employees at the time when the strategies were firstly formulated. However, all three claimed
that they know the meaning of the strategies well. The interviewee that worked with the
initial development of the strategies knew the exact wording of the strategies. All
interviewees emphasized the importance of being properly introduced to the current strategies
as a new employee. Two of the interviewees were in the beginning of their employment
informed and advised to read about the strategies on the intranet. As one of them expressed it
“I needed to find them out myself and they were referred to as something that was worth
reading”.
According to the interviewees, all their daily work is based on these strategies. To make it
easier for the employees to work according to the strategies the heads of the departments
divided the strategies into more specific goals that easier could be related to everyday work
tasks. Every department and division writes an operational plan for each year, which is based
on the strategies of the company. In this plan the strategies are divided into smaller goals and
the plan also includes activities that the department and division will implement to reach the
goals.
MOC has no priority order between the strategies. Although some tasks have more focus
on a specific strategy, as expressed by the environmental strategist “Due to that my work is
related to environmental issues, I prioritize the strategy that focus on the long-term
sustainable real estate management, but I need to take the other strategies into account”. It
seems important for all interviewees to always have all the four strategies in mind when they
do their work. The interviewees find that the strategies are related to each other and as one of
the interviewees expresses it “you cannot work according to one strategy without work
according to the others”. The communication officer cannot prioritize between the strategies
since “for me they are all of equal importance due to my supporting function to the divisions
and departments”.
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To follow up if the company has reached the goals of the strategies they use different
methods. Examples are that they send out surveys to the tenants and carry out employee
surveys. Another method they use is that each department and division three times per year
writes a report, which includes what they have done for the last four months and how they
have reached their goals.
4.2

Ways to communicate within the organization

The head office is located centrally and the divisions are located near the residential areas.
This makes it possible to use face-to-face communication across the whole company. Regular
meetings are held once a month. The first meeting is on top management level, with the head
of management from all the divisions and departments together with the CEO. This is one
way to facilitate communication between the board and the different divisions and
departments. Other regular meetings are held in the different divisions and departments,
where information from the management meeting is communicated to the other employees
and issues within the department or division are discussed. At these meetings, the division
and department manager informs the employees what has been discussed at the meeting with
the top management but also discusses topics, which only concern the specific division and
department. The two different kinds of meetings make it easier to spread information from
the top to the bottom of the company but also in the reverse direction.
The company uses the intranet to spread information within the organization and all
employees have access to it. For those employees whose daily work does not require a
computer, the opportunity is given to use a computer in order to receive and collect the
information. The intranet will within a year be replaced by a new system. One consequence
of this will be that it will be possible to see how many of the employees have been looking at
the intranet and also which different pages they have seen. This will help the management to
map the employees’ behaviour and, thus, be able to send different messages in the most
suitable way.
Twice a year the company has a conference that all the employees attend. The CEO
summarizes the last period and informs the company of the future plans. This is also a way
for the management of the company to speak directly with all the employees. The conference
is also a way of getting response on the whole work of the company, both on management
level as well as operational.
The four strategies will be interpreted differently for each individual. Therefore the
interviewees find it important to find a suitable and efficient way of communicating to each
employee. Some employees want to receive the information during meetings, others through
e-mail and yet others on paper they can hold in their hand. Another aspect, which was
mentioned during the interviews, was that the person or group who transforms the strategies
into goals and tasks makes an impact on them. The commitment to follow the strategies to
achieve the company’s goals is, according to the interviewees, in the most cases good. The
strategies should always be present and taken into account when someone in the organization
is about to make a decision or to communicate internally or externally. As expressed by the
department manager; “The strategies are manifestations of the company’s culture”.
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5 DISCUSSION
The fact that MOC re-works the strategies every five years, aligns well with what Baines
et al. (2011) state regarding that a strategy has to be adapted to the environment of which
context it exists. When the environment’s, or market’s demands change, the strategy should
be adapted. The demand of MOC is to be able to create revised strategies and make sure that
the employees will adapt and work accordingly to them in their daily work.
5.1

The creation phase of strategizing

While Lukac and Fraizer (2012) refer to strategy as a vision of how the company wants to
look upon itself, this is probably only partially true for MOC with regard to the owning
company’s directives. As a consequence, MOC could be considered somewhat steered, or
influenced in their process of strategizing. This could interfere with their space for
manoeuvring the organization strategizing process. From a Strategy-as-Practice point of
view, MOC exists inside an institution resulting in that the individuals who strategize are
affected by the context they are in (Jarabkowski et al., 2007). The owner’s directives, which
are handed to MOC, can also be considered affected by the same context as MOC. Hence,
both the owner’s directives and MOC’s strategizing are under the influence of their
contextual environment.
Löwstedt (2012) claims that there are often too few individuals involved with strategizing.
This does not seem to be the case with MOC. The strategy workshop points to that the
process of implementing strategizing is of importance to MOC. With the purpose of
involving several individuals in the process, reluctance towards strategic change might be
reduced, in comparison to if workshops are not used (Johnson et al., 2007). Furthermore,
involving the personnel in the process of creating MOC’s strategies could, as indicated by
Lukac and Fraizer (2012), improve the staff’s ability to understand the logical connections
with strategies and what is to be achieved with the strategies. Thus, the inertia of interpreting
new strategic directives throughout the company, as explained by Jarabkowski (2008), can be
reduced. However, MOC has not engaged all the employees in the revision of the strategies,
which could point towards an over-confidence in how well the strategies are rooted in the
organization. This could lead to future misinterpretations and a higher rate of inertia in
adopting the revised strategies.
When relating sensemaking processes to organizational activities, the concept of an
organization have to be defined with regard to the organization’s competitive environment.
MOC, in question, can be described by Smircich and Stubbart’s (1985 cited in Weick 1995
p.73) definition of organizations as “a set of people who share many beliefs, values, and
assumptions that encourage them to make mutually-reinforcing interpretations of their own
acts and the acts of others”. By using workshops MOC attempts to create an environment that
stimulates this process of merging individual thoughts, feelings and intentions amongst their
employees and, thereby, strives to replace the individualistic feeling of “I” by the collective
feeling of “we”. Using workshops as a tool is a part of the top management’s attempt to
sensegive and unite the employees towards fulfilling the goals based on the company’s
strategies (Weick, 1995).
5.2

The on-going process of transferring the strategies

Implementing strategy through an organization is often performed on a step-by-step basis
and by fragmenting the strategy into smaller parts (Jarabkowski, 2008). This aligns with
MOC’s way of dividing the strategies into smaller, more defined goals. Thereby, MOC is
probably hoping to realize their strategic plan by everyday activities, as suggested to be a
viable way by Jarabkowski (2008). However, if the fragmentation of the strategies is
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misinterpreted, inertia could create unintended strategic disturbance or even result in failure
of implementing the strategies altogether.
The iterative process of making and giving sense is present within MOC which became
evident when they mentioned that the strategies initially are broken down by the top
managers into tasks and sub-goals specific for each work area and then further broken down
progressively by the different area managers or personnel with similar responsibility. This
creates clarity and effectiveness amongst the employees by highlighting tasks that should be
focused on.
The four levels of communication as described by Littlejohn (1989) can all be found in
MOC. Dyadic communication occurs daily at the different offices, both interpersonal and
impersonal. Because of the distance between the divisions and departments it can be hard to
get direct contact between them and therefore the communication is mostly impersonal,
which can lead to misunderstandings. The monthly meetings, with both the top management
team and then at each division and department, are clear examples of how the company uses
a pattern for the organizational communication. This can be seen as vertical communication,
which is a hierarchical way of communicating. The transferring of the strategies to new
employees through the intranet can be viewed as a way of using a mass communication
channel. In the intranet, the new employees are able to read the strategies and then interpret
them in their own specific way. This is in contrast to a workshop session, where small-group
communication is used, the strategies are discussed and explained, which can lead to a
decreased risk of misinterpretation.
6 CONCLUSIONS
This study shows that there are several available methods for the studied company to
implement their strategies within the organization. The case study as well as the literature
study shows that the following methods used by MOC ought to be preferred:
•

Involving every employee in the process of strategizing

•

Continuously performing department and division meetings

•

Using workshops as a tool to create unison understanding of the strategies

The results achieved from the interviews indicate that the implementation and
sensemaking process of the strategies throughout the organization seem to have been fruitful.
The continuous meetings will be of importance to continue with in order to make sense of
future directives from both the owner and top management.
When implementing strategies in MOC, it seems vital with a high rate of employee
involvement in order to achieve a mutual understanding of the correct interpretations of the
strategies. Thus, with a lower rate of employee involvement the MOC can probably expect
more misinterpretations of the strategies than previously.
With a Strategy-as-Practice perspective, further research may be conducted with the aim
of determining whether full employee involvement in developing the strategies lowers the
level of inertia in accepting top management team’s interpretations of new strategies.
Moreover, a comparison between different organizations may be relevant to investigate how
different methods of implementing strategies correlate with the amount of misinterpretations
amongst employees.
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Abstract. The responsibility of the Board of Directors may be described as securing the future
success of the corporation. This paper discusses how this responsibility can be understood and what it
indicates in terms of how the corporation should be organized. Ultimately it is about the relations
between the Board of Directors and the leadership of single programs and projects. To be able to
create results, every project needs direction, access to resources, empowerment and room to
manoeuvre – in governance terms; alignment, support and trust. The paper illustrates that the
corporation’s success depends on a series of factors centred on three pillars; structure, individuals
and culture. The paper is centred on the people in the organisation and their possibility to contribute
to success, whether from the top (Board of Directors), senior management (Executives) or as
responsible for implementing investments and operations (Managers). The paper argues that if
investment projects are to succeed, greater clarity in these roles is needed. Encouragement is given to
Owners and Directors on issues for their attention in order to fulfil their governance roles to create
future success.
KEYWORDS: Governance; Project Management; Strategic Projects; Temporary Organisations

1. INTRODUCTION
The original purpose of the Board of Directors was to fix the agency problem that the
directors of the company were not as vigilant when managing other peoples money as when
managing their own (Hermalin and Weisbach 2001). This is still one valid perspective on the
body overseeing the activities of a company or organisation. In this paper, however, the role
of “the board” will be seen as wider.
The Board of Directors (working under a variety of names in different settings) represent
owners, they are given the mandate to develop the strategy and policies of the organisation
(pointing out the direction and level of ambition) and monitor the development, to make sure
it goes in the intended direction and reaches its goals. The Board of Directors is responsible
for the totality of the organisation’s business – the success of the company (Solomon 2010).
Being a member of the Board of Directors is challenging. This paper looks into how, or to
what degree, the board can handle this challenge with regards to projects.
Project management literature (Flyvbjerg et al. 2003, Dinsmore and Cooke-Davies 2006,
Shenhar and Dvir 2008) indicates the dependency between what the owner and sponsors do
or decide and the outcome of projects. The findings of National Audit Office in the UK
confirm this is true for public projects (OGC 2005), as also documented in Australia
(Crawford and Helm 2009) and in Norway too (Klakegg and Olsson 2010). As indicated by
Bryde (2008) and logically obvious; it has to be the same in private sector. Several
practitioners have had the same experience (APM 2009, Bourne 2012): There is no one in a
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better position to create or destroy a good project than the project owner, and the owners’
representatives.
This paper focuses on Directors, and how they should ensure good governance of the
organisation’s projects. We will explore key roles; the board of directors, senior executive
management, and directly associated with projects; the project owner’s representatives –
frequently referred to as the sponsor and a number of other terms, of which some will be
discussed here.
Projects are never initiated for their own sake. They are means to achieve a purpose on a
higher level. The board defines the high level purpose/strategy, and project portfolio supports
this purpose/strategy. Program- and project managers follow up. The two main challenges is
to 1) keep the programs and projects consistent with needs and priorities (relevant) – or
aligned with the strategy as it is often put in project management literature – and 2) with
sustainable outcome –outputs continuing to deliver intended benefits over time (Klakegg
2010). This paper combines literature studies and empirical observations to open up for
discussing fundamental issues in project governance and project management. The purpose of
the paper is to bring more clarity into the relations between key organisational roles and the
specific roles involved in project management. Such increased clarity should improve
dialogue about these roles, and might stimulate ways of organizing that lead to more
successful projects. Another important purpose is identifying new research topics in this
dialogue between roles.
The construction industry commits a particularly high proportion of total expenditure on
projects. It is also characterized by temporary contractual and informal relationships
involving many organizations. This typically requires dual accountability of the many
managers to the Client Sponsor and to the internal Construction Manager/Executive. The
integration of corporate governance with project governance is therefore a particular issue in
construction. Understanding and utilizing the principles of the structure and roles described in
this paper will improve the success of construction projects as well of the clients and
contracted companies involved.
The paper follows the vertical organisational structure from the owner, down through top
level management, middle management, to program- and project managers and their teams.
The relations between these levels and between the permanent organisation and its projects
are in focus. Good principles for governance are described in light of the board of directors’
responsibilities. For practitioners the paper leaves a challenge; interpreting these principles
into the local and case specific conditions and language. This aspect is too conditional to fully
cover in one paper.
2. METHODOLOGY
The methodology on which this paper is developed consists of three parts: two main inputs
and one synthesis. The inputs are:
1. The international research study conducted by the Governance Specific Interest Group
of the UK Association for Project Management in 2010. The focus of this study was
the concepts and methods used by Directors to control their organizations whole
portfolio of projects (Shannon et al. 2011)
2. Wide reading of research literature on governance and management.
Synthesis was achieved through rigorous analysis, challenge and debate by the authors so as
to prepare and refine a compact representation of the main issues, concerns and findings. This
process was not strictly linear, in that topics of debate frequently led to wider reference to
related research and hence to adjustment of views represented.
This paper has been subject to critical review, not only by the authors but also by
independent experts and has been modified and improved accordingly. The findings are
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highly relevant to two main groups, researchers and directors. The final section of the paper
tabulates for each of these groups the main actions suggested by the conclusions arising from
the authors’ work. Some of these, based on the authors’ insights, are of greater importance
than previously recognised or entirely new.
3. THE OWNERS’ PERSPECTIVE
The owners’ wish for good governance comes from their need to control the use of their
financial and other resources, in order to create value. Not only value in terms of return on
investment, but value in a wider sense; the projects need to serve their purpose. Thus, success
is always associated with creating value in one or more perspectives. Normally projects are
considered in three perspectives: the owners’ or society’s perspective, the users’ perspective
and the executing party’s perspective (Samset 2003). A really successful project should be
assessed as good in all three perspectives: The executing party is successful when the result is
delivered successfully. Users are expected to capture immediate benefits from using the
deliverables from the project. The business owner is depending on the positive effects in the
long run to give return on investment from the project without detriment to society. Success
in the owner’s perspective comes from effective implementation of change – some say that
all projects are change projects.
Ensuring alignment with strategy is one reason for project governance (Dinsmore and
Cooke-Davies 2006). This leads the owners to delegate command and control over their
projects. The organisation’s legitimacy depends on avoiding misconduct and unethical
behaviour, which calls for more control. On the other hand, to be able to create results, the
temporary organisation (the project) needs access to resources, empowerment and room to
manoeuvre – in governance terms; support and trust. There is obviously a need for balance
here, which we will come back to later.
4. BOARD OF DIRECTORS
The most recent framework for company Boards in the UK derives from the 2006
Companies Act (UK Government 2006) and from the 2010 UK Corporate Governance Code
(FRC 20100). The interpretation of these to Directors’ duties can be represented as covering
external and internal issues in both the short and longer term, within a learning cycle (Garratt
2010). The 2006 Companies Act requires Directors amongst other duties to promote the
success of the company for the benefit of its members, i.e owners, as a whole, and in doing so
have regard to (amongst other matters):
 the likely consequences of any decision in the long term,
 the interests of the company's employees,
 the need to foster the company's business relationships with suppliers, customers etc,
 the impact of the company's operations on the community and the environment,
 the desirability of the company maintaining high standards of business conduct.
Clearly these requirements impact on the direction and control of a company’s project
portfolio. De Wit and Meyer (2005) describe ‘organisational purpose’ as the reason for which
the organisation exists; it is influenced by organisational beliefs, values and the business
definition or identity. ‘Corporate mission’ is described as the definition of principles that
guide strategic choices.
The APM Governance specific interest group focuses on the Governance of Project
Management (GoPM) in organisations. In 2010 they performed a study on portfolio direction.
They set out to describe what actually happens in organisations (the reality of directing
project portfolios), not to develop a theoretical model.
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Study team members interviewed directors in five large and professionally managed
corporations in UK and Norway. Four of them were from private sector and from a wide
range of industries, and the fifth was from public sector. The interviewees were directors on a
high level, and interviews following a structured questionnaire ware documented. The team
then came together with their observations for further analysis (Shannon et al. 2011)
The study team went on to describe a conceptual structure based on the observed practice
as documented in a final report. The conceptual structure in Figure 1 illustrates the three
fundamental pillars linking the organisation’s board to the business as usual activities and to
project portfolios, programs and projects. The vertical dimension indicates the distance
between board members and the operational and project managers and teams. The oval
interface indicates the limits of the organisation towards its context.
The focal point of the conceptual structure is the role of the organisation’s board in
developing its purpose into strategies and policies, influenced (positive) and restricted
(negative) by the stakeholders, the society and nature (the context). The board makes
decisions and delegate responsibility through the organisation. The governance stands on
three basic pillars: systems, individuals and cultures.
Systems are developed and maintained in the organisation, and work through tools and
procedures, implemented through plans, reports and controls for specific actions in programs
and projects.

Figure 1: Three main pillars of practical portfolio direction (Shannon et al. 2011)

The organisational cultures include common values, believe and accepted practices
throughout the organisation. The studied examples illustrated why this group dimension and
its collective awareness is so important. It forms the behaviour of people within the
organisation. Evidence of the significance of this aspect between national groups, France and
the Netherlands has been well documented (de Bony 2010). Similar cultural affects can arise
between and within organisations within one country, and there might be several sub-cultures
present within an organisation.
The individual pillar is the most fundamental one. No culture exists without the
individuals that belong to that culture, and no system can work except through the actions of
individuals. The board should look at how individual directors are motivated to pursue the
purpose of the organisation and thus align with strategies and policy. Further, they need to
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review how delegation is effected down through individuals in the organisation and into
business as usual activities and change initiatives (project portfolios, programs and single
projects). As in any information transmission, interfering noise leads to lack of clarity.
The study gave interesting signals that should be followed up: The observations indicate
that systems and plans may have had too much focus and the other two pillars too little focus
in these organisations. If the board wants the directors to act as effective promoters of the
strategies and policies in the organisation, this should be a concern for the board. Correctly
motivating the directors and the individuals through whom they delegate the management of
the change portfolio is necessary to make the organisation perform at its best, supported by
the systems side on one hand and the cultures side on the other.
5. THE EXECUTIVES’ CHALLENGE
The role of the executives (for example Corporate Executive Officer (CEO), Corporate
Financial Officer (CFO) etc.) is clearly different from that of the board. As Solomon (2010)
states as a main principle: There needs to be a clear division of responsibilities between the
(board of) directors and the executives. The chair of the board is responsible for running the
board and for giving timely and correct information to the owners and shareholders. The
CEO and the other executives are running the daily business. The board members are
responsible, but the executives make it happen.
The executives are responsible for following up board decisions and strategies. As
indicated above, this often leads to the identification of need for changes, and the
establishment of programs and projects to achieve those changes and transitions. The many
special competences needed to run a successful business or organisation today and the wide
array of special areas of business, means that there is a need for many people with specific
skills and a divisionalisation of the operations to be able to keep oversight and control. This is
challenging and leads to a complexity of the organisation that sometimes seem to support the
success of the organisation, but in some cases seem to hamper their ability to achieve success.
In the following we present some indications of challenges that clearly represent dilemmas:
Stable organisations are typically divisionalised which creates borders and transaction
costs. Different parties involved in a project may have different focus. The head of each
division is responsible for the tasks performed in the division i.e for a portfolio of projects
within that division. Interestingly, organisations today more and more realize that the
innovations and creative potential for future value lie in processes and combinations of forces
across divisions (Artto et al 2011).
Limited resources need to be shared. This means some resources work across boundaries
of the organisation. If the project managers are organized, for example in a project division or
a project management office (as a resource pool) there will eventually be a conflict of interest
between divisions. Head of the operational division and head of the project division will in
the end conflict over goals and resources. This dilemma indicates the problems of the matrix
organisation. The matrix, weak or strong, does have these conflicts built into its fundamental
structure (Atkinson 2003, Elonen and Artto 2003). Shannon et al. (2011) found that there are
clear indications that the board of directors is aware of their responsibility for the
organisation’s performance and the corresponding projects. Still there were indications that
they were not able to oversee the full situation or to consider the status of their entire
portfolio, whether all programs and portfolios are aligned with policy and strategy.
6. RELATIONS BETWEEN THE ORGANISATION AND ITS PROJECTS
One main characteristic of projects are that they are temporary organisations –
organisations outside or in addition to the permanent organisation with a certain degree of
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autonomy (Gemünden et al. 2005), which can be taken or given (Martinsuo et al. 2009) and
in some situations escaping the organisational structure is vital to the projects’ success,
especially important in organisations with a strong functional orientation (Wheelwright and
Clark 1992). The relationship is realized as dynamic and it evolves over time. Projects go
through a series of stages as they mature and their autonomy may increase over time or
decrease. Vuori et al. (2012) points out that capital investment projects exhibits both
deliberate and emergent strategic elements. This means that the projects do not always align
fully with the intended strategy of the Board of Directors, but may develop an independent
strategy that leads in a different direction. Most “rational” management theories would
suggest this is negative; lack of alignment. Projects with diverging strategies may on the
other hand also lead to the development of new capabilities and thus allow strategic renewal
of the parent organisation (Vuori et al. 2012). Thus independent, emerging strategy can offer
value added to the organisation and its owners. This illustrates why having strong discipline
always requiring full alignment with existing strategies might not be a good idea, so
justifying the encouragement of “skunk” projects in creative organisations.
Kreiner (1996) has warned that projects may experience that the project environment
changes and that the project thus might loose its relevance. He also discusses managerial
strategies to cope with this challenge. The hierarchy gives authority and holds managers
accountable. Networks and relations allow for co-evaluation which may help avoid the
erosion of relevance through access to more information and ideas. Another way to handle
the relevance issue is flexibility. Flexibility in the process to ensure changes may be
incorporated into the solution at a late stage to keep up the relevance, and flexibility in the
solution to maker sure the users can find ways to harvest benefits from the projects solutions
even if the needs change (Olsson 2006). These contributions remind us of the complexity in
the relations between an organisation and its projects. The permanent organisation needs to
be well prepared to handle these challenges. If not, their projects may cause harm to the
organisation’s wellbeing and reduce future potential.
7. MIDDLE MANAGEMENT – INFORMATION FILTER AND ACTION
PROVIDERS
If no one is responsible for the initiative, either nothing happens, or things happen by
chance. That would not be good governance. This is one reason to keep middle management
in an organisation. We will not discuss the difference between flat or hierarchical
organisational structures here, just point out that the executives and especially middle
management is responsible for making the necessary changes, and thus that projects are
planned and executed. The organisational structures express the owners’ need for command
and control. The middle managers are the providers of action, the leaders of human resources
and mangers of assets.
This activity always happens within a framework of governance where someone is
responsible, and the development goes through predefined stages with some requirements for
checking and reporting the status (Williams et al. 2010, Klakegg 2010). This framework
defines the room to manoeuvre and how it is controlled. These two positions; more freedom
and more control can be combined, but not necessarily at the same time.
One issue related to the discussion above about room to manoeuvre is whether the middle
manager is able and willing to let go of some of his or her control over the resources and
activities. This is not only a question about strategy or policy (whether the letting go of
control is wanted and accepted), it is also about culture (whether people in the organisation
tend to follow up actively or be passive, if they seize opportunities or avoid risking to fail)
and about individual matters (trust, motivation). The authors would certainly hold that
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delegating some control is a prerequisite for enhancing value creation and thus for supporting
the upkeep of the organisation, for reaching long term objectives.
One important role of middle management is to support the executives on the top with
correct, complete and timely information which is the necessary basis for executive action
and further reports to the board about the state of affairs. For obvious reasons they do not
report everything that happens, just what is considered relevant, useful and necessary
information.
Being aware of what this information filtering function does to the decision making is
vital. The board can only respond to what they know, and strategies and decisions are filtered
down to those performing operations. Middle management needs to be good at generating
concentrated messages and there needs to be trust that they do communicate the relevant
messages. There is room for tactics (purposeful misinformation) and mistakes in this
information filtering.
Due to the divisionalisation mentioned above most middle managers end up being
responsible for a large or small portfolio of projects. Portfolio management is rapidly
becoming accepted as one of the competences senior and middle management need to master
(Garfein 2009). Project portfolios are vehicles for strategy implementation (Unger et al.
2012). This again points to the board and their decisions to prolong business success (Cooper
et al. 2000). Executives and middle management follow up strategic decisions and policies by
modifying their portfolio of projects. These modifications may involve starting new programs
and projects, changing the goals or resources of existing ones, delaying or pressing for more
progress, put on hold or even terminating on-going projects. Typical challenges in these
portfolio management tasks are managing the resources and/or managing the risks involved –
core senior and middle management skills.
The practical job analysing projects and portfolios, housekeeping with resources,
coordinating between program- and project managers, and keeping the board updated are
tasks of the portfolio manager – the middle manager. The formal decision about including
new projects or killing on-going projects is a matter for senior management (ultimately the
board in case of strategic projects). The importance of starting the right projects is
documented (Samset 2003, Dinsmore and Cooke-Davies 2006, Shenhar and Dvir 2008) but
also the importance of stopping the wrong projects is well known (Royer 2003, Unger et al.
2012). Research shows that senior management involvement is important for the project’s
success, but also that too much involvement may be negative for the success of the project
(Andersen 2010, Unger et al. 2012). Several effects contribute to this; planning optimism,
fostering of “pet projects” and/or poor performance by senior managers.
Some indications exist that the way we organize hampers the organisation’s ability to
manage the portfolio of projects well. Terminating projects has proven to be problematic
(Cooper et al. 2000). Cooper (2008) points to weak and late decisions in 77% of companies
that claim to have a structured governance framework and decision making process in place.
Shannon et al. (2011) found that senior managers on executive level claimed that terminating
projects was not a problem, but at the same time the organisations they represented was so
divisionalised that the researchers doubted their ability to have the necessary overview. Again
this gives indications of the key role of middle management, not least in a projects based
organisation.
8. GOVERNANCE OF PROJECTS – BY INDIVIDUALS AND GROUPS
To create good results, some individual in the organisation needs to be responsible for
every initiative – organized as a project or not. This individual is often said to be “the owner
of the business case”, and thus responsible for how the resources are spent and what benefits
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come out of the initiative. This role has been described in many ways and under different
names.
In UK public projects the responsible individual is called the Senior Responsible Owner
(SRO), an individual accountable for reaching goals and delivering benefits (OGC 2011).
Prince2 puts the name “Executive” on the SRO (Prince2 2011). This role is the formal point
of contact between the owner and the delivery organisation for decisions, access to resources
etc. Obviously, the mandate of the SRO or Executive is crucial. The SRO/executive needs a
clear mandate to make decisions and accept solutions provided by the project team. Omitting
the details – it is clear that an SRO/executive without a strong mandate will be a problem for
the project. In other contexts this role is usually termed sponsor. For a deeper discussion of
middle management role as project sponsor – see Crawford et al. (2008).
It is not easy to find one formal definition of the term that really explains well what a
project sponsor is. Some say Project Sponsorship is the ownership of projects on behalf of the
client organisation (f.ex. West 2010). Others have implied the sponsor is simply the project
manager’s boss (Briner, Geddes and Hastings1990, referred in Crawford and Brett 2001) or
the owner of the project (Turner 1993, referred in Crawford and Brett 2001). The descriptions
of the sponsor make it easy to think that it is the same role as the SRO or Executive. Others
make the same connection directly by defining them as the same functions (f.ex. APM 2009)
or by using terms like Executive Sponsor or Project Executive. See Crawford and Brett
(2010) for further discussions of these roles.
APMs third GoPM guide (APM 2009) looks at the governance aspect of project
sponsorship. This guide points out important acknowledgements: First, it links sponsorship to
governance – this is not obvious in mainstream project management literature. General
definitions of project, program and project portfolio may be read as an indication that
sponsorship is performing expanded PM practices on a higher level. Sponsorship is actually
more than that. The other important recognition is presented as the first sentence in the
foreword: “Project sponsors create or destroy value”.
This GoPM guideline (APM 2009) formed a framework for project sponsorship which is
useful in the project governance perspective. It explains the organisational context of project
management and makes clear that the organisation’s board is responsible for developing the
direction of its project portfolio, and is directly responsible for the organisation’s project
sponsors (and project boards when applicable). The project sponsors are responsible for
tending to the relations to internal and external stakeholders. The project sponsor is
responsible for overseeing the project manager. The project manager of course is also
responsible for developing adequate relations to internal and external stakeholders to be able
to function. APM (2009) holds these reasons as important for every project to have a sponsor:
 Ensure separation of decision making responsibilities between project manager and top
management.
 Ensure accountability for the realization of project benefits.
 Ensure oversight of the project management function, challenge it and develop further.
 Carry out senior stakeholder management.
This seems generally accepted today. A rhetorical question is; can anyone do all of this on
his or her own? Many descriptions of the sponsor tend to refer to sponsors in plural,
indicating the answer is no, like Crawford et al. (2008). Some critic’s holds that having
shared sponsorship makes the role unclear and opens up for misunderstandings, issues falling
in between etc. Going back to the first acknowledgement in this section, this seems to be a
valid point. One executive should be responsible, but there might be several individuals
collaborating with the sponsor in covering the necessary governance functions.
In connection with a program or a single project the owner often establishes a steering
group. The steering group is known under many different names (steering committee, project
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board, sponsor group, transition team, merger committee, contract management council,
building council and district improvement committee etc.) and is composed according to the
actual situation. They are often chaired by a sponsor (Müller 2009, Prince2 2011) who aided
by the steering group is ultimately responsible for the project success. This group can
constitute an important governance institution close to project execution (Müller 2009). The
steering group makes decisions directly related to that program or project. Such decisions are
formally transmitted via the sponsor. Unfortunately, there is a lot of confusion in this area,
and steering groups tend to perform badly (Müller 2009, Twyford 2011). If it doesn’t make
decisions, it is not a steering group, rather an advisory board or reference group. The steering
group has an even more important role when there is more than one owner (APM 2007). This
makes the composition of the group an even more important and difficult matter. However,
we will not discuss the multi-owner context here.
The establishing of a steering group is a crucial point in time for the project. The steering
group is supposed to provide “a stabilizing influence so organisational concepts and
directions are established and maintained with a visionary view” (OET 2006). The steering
group needs real power and protection against hidden agendas. The participants in the group
need to understand and accept they are there to support the development of the best possible
project, according to corporate values, strategy and vision – not to represent the individual
parts (Gerstner 2002).
This misunderstanding of the role or misuse of position in steering groups is not
uncommon. In addition steering groups are often ignorant about program and project
management. In some cases even lack knowledge about the business environment of the
project. Add practical problems like lack of time to fill the role and being in positions with
other pressing issues, and you have the recipe for bad governance of the project. Fortunately,
by installing an adequate governance framework that clarify roles and decision making,
carefully composing the steering group, and having skilled sponsors/SRO’s, good governance
of projects is within reach.
9. CONCLUDING REMARKS
Through this paper Board of Directors’ responsibilities are discussed in a project
governance perspective. It starts with the enterprise owners’ perspective in order to assure a
clear opinion about why we have a Board in the first place; to secure the successful future of
the organisation by developing and implementing a vision, policies and strategies to make
sure it moves forward in the right direction. The responsibility for performing follow-up
actions is delegated down through the organisation via management.
Members of middle management thus hold the responsibility for the interface between the
permanent organisation and its projects (temporary organisations). They need to master an
array of linking functions – or project governance functions. There is widespread confusion
about these linking functions. Partly due to being very complex and unclear issue, but also to
a large degree because the subject is described and discussed under a large number of
different names and roles with slightly different scope and characteristics. This paper has
shown this complexity and sorted out the roles so that a more clear understanding and better
organisational solutions are possible.
The paper refers to research results that remind us that even though the roots of project
management lies in systems, methods and tools, and even though the performance of the
organisation and its members are highly dependent on the organisational culture, everything
is dependent on what individuals actually do to support the long term well being of the
organisation. This awareness has not been found in previous project management literature.
The practical consequence of this awareness is that it may stimulate the Board to keep a
better balance between the three fundamental pillars of practical portfolio direction; systems,
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individuals and cultures. It has the potential to improve performance through better decisions
and more motivated individuals in the roles as portfolio managers, program- and project
managers. The clarification of concepts and roles on individual and group level may help
organisations develop better projects and have better results.
One question that this paper discusses is whether project governance is a matter for groups
or individuals. Its conclusion is basically that an individual should be responsible for each
governance function. On all levels below the Board of Directors, using groups as collectively
responsible will result in a tendency to fragment the responsibility and open up for
misunderstandings and expecting others to fill the role.
Researchers will have identified throughout this paper areas requiring further study. The
main topics may be summarised as shown in Table 1.
Table 1: Summary of main research topics deduced from combining the theoretical contributions in this paper.
Observation

Research topic

Literature asserts that alignment of projects to the
organisation’s strategy is vital to project success,
but there are also voices pointing out the value of
projects with diverging strategies. Researchers have
emphasized that this alignment depends on the
Board of Directors having good oversight and their
ability to stop unviable projects.

How can the Owner, represented by the Board of
Directors, secure good oversight down to the actual
investment project and change initiatives, and
make sure the Executives successfully initiates and
executes the projects that creates maximum value
for the permanent organisation?

Networks and relations between organisations and
individuals influence both the performance in the
project and may influence the project environment.
This is true both on a governance level and in
project management.

Exactly how do different relations in networks of
organisations and between individuals work, and
how can we deliberately design relations that
promote maximum value creation and successful
project execution?

The performance of an organisation depends on
developing expedient cultures and having
motivated individuals on all levels of the
organisation.

How can the Board of Directors build cultures that
support successful investment projects and change
initiatives, and secure appropriately motivated
individuals on executive level and down through
project managers?

For practitioners of governance and project management, whether directors, sponsors or
project managers the main lessons are summarised in Table 2 below. For construction
projects these findings are highly relevant, as these projects represent serious investments and
vital change initiatives for the owner. The fragmented structure of this industry and its oneoff products represents extraordinary challenges in harvesting value. A strong combination of
efficiency and creativity if called for; in other words we need a fine balance between control
and empowerment. This paper has given some indications as to how this may be installed.
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Table 2: Summary of suggestions to improve Board of Directors ability to take responsibility for the
organisation’s investment projects and change initiatives.
Action

Avoids

Achieves

Ensure board fully integrate
project management into their
governance practice

Strategy not being delivered

Alignment of strategy with
delivery

Include cultural awareness in
board reviews

Unexpected problems due to
cultural differences

Reduce problems due to
unexpected behaviour and
identifies helpful cultural changes

Examine key project directors,
sponsors and managers
motivation

Hidden agendas and sub‐
optimum results

Improved communications and
less risk

REFERENCES
Andersen, Erling (2010) Illuminating the role of the project owner. BI, Norwegian School of
Management. Available at: http://www.bi.no/InfoavdelingFiles/Forskningskommunikasjon/Illuminating-the-role-of-the-project-owner_2010.pdf
[last accessed 27/10/2012]
APM (2007) Co-Directing Change: A Guide to Governance of Multi-owned Projects. Association for
Project Management, London, UK.
APM (2009) Sponsoring change; A guide to the Governance Aspects of Project Sponsorship.
Association for Project Management, London, UK.
Artto, Karlos; Ahola, Tuomas; Aaltonen, Pertti and Vartainen, Valtteri (2011) The anatomy of
integrated solutions – a business model view. 2nd International Project Business Workshop, 17-19.
October, Trondheim, Norway.
Atkinson, Phillip (2003) Managing Chaos in a Matrix World. Change Management. Management
Services, November 2003 pp 8-11.
Bourne, Lynda (2012) The failure of strategic planning. Downloaded from:
http://stakeholdermanagement.wordpress.com/2012/07/23/the-failure-of-strategic-planning/ [last
accessed 30/7/2012]
Bryde, D. (2008). Perceptions of the Impact of Project Sponsorship Practices on Project Success.
International Journal of Project Management 26(8), 800–809.
Cooper, R.G.; Edgett, S,J. and Kleinschmidt, E.J. (2000) New problems, new solutions: making
portfolio management more effective. Research Technology Management 43 (2), p 18-33.
Crawford, Lynn; Cooke-Davies, Terry; Hobbs, Brian; Labuschagne, Les; Remington, Kaye; Chen,
Ping (2008) Situational Sponsorship of Projects and Programs: An Empirical Review. Project
Management Institute, Newton Square, USA.
Crawford Lynn. H. and Brett, Christine. (2001) Exploring the role of the project sponsor. In:
Proceedings of the PMI New Zealand Annual Conference 2001. Available at:
http://www.projects.uts.edu.au/resources/pdfs/PMINZ2001CrawfordBrett.pdf
Crawford, Lynn and Helm, Jane (2009) Government and Governance: The Value of Project
Management in the Public Sector. Project Management Journal. 40(1): 73-87.
de Bony, Jaqueline (2010) Project management and national culture: A Dutch-French case study.
International Journal of Project Management, Volume 28, Issue 2
Dinsmore, Paul C. and Cooke-Davies, Terence J. (2006) The Right Projects Done Right! From
Successful Strategy to Successful Project Implementation. San Francisco, CA: Jossey-Bass.
Elonen Suvi and Artto Karlos A. (2003) Problems in managing internal development projects in
multi-project environments. International Journal of Project Management. Volume 21, Issue 6,
August 2003, Pages 395–402

267

Ole Jonny Klakegg and David Shannon

Flyvbjerg, B.; Bruzelius N. and Rothengatter, W. (2003) Megaprojects and risk: An anatomy of
ambition. Cambridge, UK: Cambridge University Press.
Garfein, Stephen J. (2009) Employing the Standard for Portfolio Management to Expand Strategic
Throughput. Project Management Institute, Newton Square, USA.
Gemünden, Hans Georg; Salomo, S. and Krieger, A. (2005) The influence of project authonomy on
project success. International Journal of Project Management, 23, 366-373.
Gerstner, Louis V., Jr. (2002) Who Says Elephants Can’t Dance? Harper Business
Hermalin, Benjamin E, and Weisbach, Michael (2001) Boards of Directors as an endogeouously
determined institution: a survey of the economic literature. NBER Working paper series. National
Bureau of Economic Research. Cambridge, Mass, USA
Klakegg, Ole Jonny (2010) Governance of Major Public Investment Projects. In pursuit of Relevance
and Sustainability. Doctoral thesis 2010:15, Norwegian University of Science and Technology.
Trondheim, Norway. Available online: http://ntnu.divaportal.org/smash/record.jsf?pid=diva2:294404
Klakegg, Ole J. and Olsson, Nils O.E. (2010) An Empirical Illustration of Public Project Ownership.
International Journal of Project Organization and Management. Vol. 2, No. 1, pp 16-39.
Martinsuo, M.; Altonen, K. and Lehtonen P. (2009) Project Autonomy in Complex Delivery Projects.
Proceedings of the IX IRNOP Research Conference, Berlin, 11.-13. October 2009.
Müller, Ralph (2009) Project Governance. Fundamentals of Project Management Series. Gower
Publishing Ltd. Farnham, UK
OET (2006) Steering Committee Charter. Office of Enterprise Technology. State of Minnesota.
OGC (2005) Common Causes of Project Failure. OGC Best Practice. Office of Government
Commerce. London, UK.
OGC (2011) Senior Responsible Owner. http://www.dfpni.gov.uk/content_-_successful_deliverysenior_responsible_owner. Last approached October 2011.
Olsson, Nils O.E. (2006) Management of flexibility in projects. International Journal of Project
Management. Volume 24, Issue 1, January 2006, Pages 66–74
Prince2 (2011) Project Board. Methodology overview. Prince2 homepages at the Internet:
http://www.prince2.com/prince2-structure.asp. Last approached October 2011.
Project Executive Forum (2012) The Project Executive Forum.
http://www.projectexecutiveforum.com/ Last approached 6.9.2012.
Royer, I (2003) Why bad projects are so hard to kill. Harvard Business Review. 2003 Feb ; 81(2):4856, 123.
Samset, Knut (2003) Project Evaluation; Making Investments Succeed. Tapir akademisk forlag,
Trondheim. Norway.
Shannon, David; Davison, Suzanne; Caton, John; Klakegg, Ole J. and Millar, Hartley (2011) Enquiry
into the Governance of Project Portfolios. Association for project management. London, UK.
Shenhar, Aaron J. and Dvir, Dov (2008) Reinventing Project Management: The Diamond Approach
to Successful Growth and Innovation. Harvard Business School Press. Boston, Mass, USA.
Solomon, Jill (2010) Corporate Governance and Accountability. Third ed. Wiley, Hoboken, NJ, USA
Twyford, Lisa (2011) Steering Committees: Time for a revolution or evolution? Paper presented at the
25th IPMA World Congress 2011 in Brisbane, Australia.
Unger, Barbara Natalie; Kock, Alexander; Gemünden, Hans Georg and Jonas, Daniel (2012)
Enforcing strategic fit of project portfolios by project termination: An empirical study on senior
management involvement. International Journal of Project Management 30 (2012) 657-685.
Vuori, Elisa; Artto, Karlos and Sallinen, Liisa (2012) Investment project as an internal corporate
venture. International Journal of Project Management, 30 (2012) 652-662
West, D. (2010) 'Project Sponsorship: An Essential Guide for Those Sponsoring Projects Within
Their Organizations', Gower Publishing, Farnham, ISBN 978-0-566-08888-9
Wheelwright, S., and Clark, K. B. (1992) Revolutionizing product development: quantum leaps in
speed, efficiency, and quality. Free Press, New York, USA.
Williams, Terry; Klakegg, Ole Jonny; Magnussen, Ole Morten and Glasspool, Helene (2010) An
investigation of governance frameworks for public projects in Norway and the UK. International
Journal of Project Management 28 (2010) 40-50.

268

7th Nordic Conference on Construction Economics and Organisation 2013

THE NEW COMMON GROUND: UNDERSTANDING VALUE
Hallgrim Hjelmbrekke, Ole Jonny Klakegg
Norwegian University of Science and Technology, Faculty of Engineering Science and Technology,
Department of Civil and Transport Engineering, Trondheim, Norway.
e-mail: hallgrim.hjelmbrekke@ntnu.no
e-mail: ole.jonny.klakegg@ntnu.no

Abstract: Literature refers to projects as having a terrible track record of failure. Especially large
engineering projects and other investment projects like IT-systems have been notoriously reported as
less than successful. They sometimes seem to destroy value instead of creating the value they intended
to. Some projects are not the right ones and should never have been started. Others have good
potential, but it seems to be lost in the process somehow. This conceptual paper suggests a new
starting point for developing successful projects in a client – supplier relationship. We need to
strengthen the fundament for designing a project process and setting up a project organization that is
able to create intended value and long term benefits. A successful project is impossible unless it
supports the client’s business idea and strategy. Literature discusses this in terms of alignment with
strategy and relevance in a changing environment. The question we discuss is whether the supplier
understands the clients business well enough to understand the consequences of this alignment. The
necessary prerequisite for a really successful project is that both the client and the supplier
understand the business which the project is supposed to support. Many suppliers tend to focus
productivity as their competitive advantage. We suggest this is not a viable business strategy for
suppliers. Increasing customer value is the main building block in any growth strategy. Any
procurement should be based upon a judgment of which supplier has the ability to deliver the expected
outcome in terms of use value. This paper explains the need for and consequences of developing a new
common ground for systematically creating successful projects.
Keywords: Strategy, Value Creation, Value Propositions, Business Models, Building Projects

1

INTRODUCTION

The reported success-rate of projects in literature does not explain why this is the preferred
way of organizing change initiatives and investments. Authors like Miller and Lessard (2000),
Flyvbjerg et al. (2003) has questioned why projects fail based on an extensive body of
evidence from large engineering and infrastructure projects. The Standish group is famous for
their contribution to such discussions on IT-projects through their annual report analyzing a
large number of cases following the 1995 “Chaos report” (Standish Group, 2012). Still project
activity grows every year. We would like to see more successful building projects.
In this paper we will look at the balance between the three most fundamental roles in a
project: The project owner, the user of the resulting asset and the executing party. These three
perspectives have to be carefully considered in order to assess to what degree a project is
successful. In all these three perspectives the project has to deliver value. The owner require
return on investment, the user needs some sort of use value, and the executing party needs to
obtain results that support their long term uphold. A highly successful project delivers value
in all these perspectives. If success is threatened in one or more of these perspectives,
problems start to pile up.
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Some practical examples: If the value of the investment to the owner is threatened, he will
start reducing the access to resources by calling for reduced costs, demanding faster delivery
etc. to keep up or increase the value in his own perspective. This may typically result in the
users getting a less functional, more expensive to operate or less durable solution, and in some
cases the executing party to loose money throughout the construction phase. If the value to the
users is reduced, let’s say because their needs change over time or due to reduced
functionality of the solution, they will start requiring some sort of compensation from the
owner or look for an alternative. The result is a shorter lifespan of the investment seen from
the owner perspective and reduces the net present value of the project. The owner will
normally respond by putting pressure on the executing party to change the solution or reduce
costs etc. which in turn sets off a reduction in the value to the executing party due to
disruption of production and other consequences. If the value to the executing party is reduced
he will normally look for reasons to raise change claims, which increase the cost for the
owner. The consequences might be transferred to the users by increased rent or reduction of
functionality. We see a clear pattern of a downward spiral that in the end will threaten the
success of the project, no matter what perspective the problems stem from. The more complex
the project, the less predictable is the cause-effect relations, but the more probable is a strong
negative effect of such development.
The building project is an arena where stakeholders with different visions and strategies
meet. As shown above, the interests of these stakeholders or actors may be in conflict. To
simplify the picture there are three main actors, the owner, the user and the supplier. Each of
these actors holds a vision and strategy that in one way or another is founded in value creation
for their respective customers and later for the shareholders and/or society.
Normally a building project is based on bilateral contracts between these three parties in a
pattern that leaves one of these relations unsolved. A typical project organization leaves the
users in a half-way excluded/partly included position - see Figure 1.
Typical contract structure

Typical project organisation
Project
owner

Project
owner
(Client)
Contract
to rent

Contract
to build
Executing
party
(Supplier)

User
Project
manager

Asset
user
(Tenant)
Design

Construction

Figure 1 Typical contract structure and project organization of building project.

The symbolic representation of the relations in Figure 1 does not cover all aspects of
relations between the parties and fundamental roles in the project. In addition one should look
into e.g power relations (political perspective) and communication and trust etc. (network
perspectives) on organizational and individual levels. However, with limited space we have to
choose some important aspects in this paper and let others be.
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In the language of agency-theory one can explain the traditional view/internal view; the
agent (project organization) is expected to do what the principal (project owner) orders. This
view of the project as obedient servant is a condition more likely to be found if executed with
internal resources. When the project is classified as a building project resources normally
have to be procured externally as a temporary organization with suppliers defined as project
based organizations (PBO).
The paper is organized in five parts: the introduction presents the motivation for the paper
and its objective. Then there is a brief look at the methodology used. The third part gives
background theory to establish a language to discuss value creation in projects. Then comes a
theoretical chapter that looks at strategy and competitive advantage. After the theory is
established we present our suggestion for a new common ground: the basis for delivering
more successful building projects. In the end we add some practical consequences and
conclude our new basis for value creation.
2 RESEARCH METHOD
This is a conceptual paper, and as such the research methodology is referred to stay the
background. The theory and discussions here are primarily based on literature. The literature
study is conventional, based on seeking relevant contributions from several scientific
databases with search terms connected to the concept of value: Value, Value creation, Value
capture, Value proposition, Business models, Project value, User value, and combined with
terms related to project management.
The ideas for this study came from practical experience the authors have gathered over
many years in building design and project management. In practical situations the architects
and design engineers are often criticized for not being able to develop solutions that meet the
users’ needs at a cost and time that project owners require. This unsolved problem was a
motivator. Then we combined this with some theory contributions that highlight aspects of
value creation. This contributed to define a language with which it is possible to discuss such
problems more systematically. On this basis we decided to try to sort out some ongoing
discussions and complex issues in the fundament of construction management.
The problems we have observed in theory and practice is highly recognizable in real life
situations. Therefor the theories presented here were tested on key individuals in an ongoing
major public project. The case project itself is not reported here due to space limitations.
Finally, analysis and descriptions are formed by the authors in discussions where theory and
empirical observations where combined and the paper formed.
3 BACKGROUND THEORY ON VALUE
The word value can have many meanings and are used for many different purposes. It is a
challenge that value means different things to different people (Bowman and Ambrosini
2010). The context in this paper is the building project and the relations between the project
owner, the asset user and the executing party. We need to establish an understanding of the
concept of value in this context. The concept of value has been discussed by many
contributors in general settings and other industries. Here are some fundamentals:
Bowman and Ambrosini (2000) points back to resource based theory (RBT) of the firm
which in the 80-es and 90-es looked upon value as a function of the resources available to the
firm. RBT argue that resources are valuable in relation to a specific market environment, it is
valuable if it exploits opportunities, neutralizes threats, or enables customer needs to be better
satisfied. Rear resources and resources that are hard to copy, imitate, or replace give
sustainable competitive advantage (Porter 1991). However, Bowman and Ambrosini (2000,
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2010) realized that there is a need to go deeper in this to understand why these resources are
valuable. This led them to develop a theory of value, based on the following logic:
 A distinction has to be made between value creation and value capture.
 Value is only created by individual members of the organization as a combination of
labor and use of other resources.
 Value capture is determined by perceived power relationships between economic
actors.
A resource is not valuable in itself, only valuable through what you can use it for. As early
as in 1959 Penrose argued that it is never the resources that are the input to the production
process, only the services that the resources can render (Penrose 1959, referred in Bowman
and Ambrosini 2010). Value creation is the result of human activity – this is the only source
of new value. Not all value that is created is actually captured, and not necessarily by the
same actors that create the value. This is very relevant to the construction context. One has to
ask the extent to which customers (users) judge the product (solution) to meet their needs –
how they consider the value to them. This points to value as being subjective and specifically
points to use value. Use value is primarily perceived by the asset user. It may be translated
into monetary terms as the price the user is prepared to pay for the product, given alternative
use of the money and alternative solutions. Customer surplus is what the consumer refers to as
“value for money” (Bach et al 1987). This expresses the difference between the value as the
customer perceive it and the actual price. The actual price on the other hand is also an
expression of value in itself: exchange value. Exchange value is perceived by both the client
and the supplier and refers to a single point in time when the exchange of goods takes place.
These aspects of value are relevant to all interfaces in the value chain.
The concept of value capture is necessary because exchange value does not necessarily
reflect the use value and there is no guarantee that the exchange value ends up as profit to the
one party that creates the value. Bowman and Ambrosini (2000) remind us that although most
RBT contributors focus on value capture from the customer, one also needs to look at the
problem of retaining value within the firm. Peteraf (1994) points out that there is no benefit
for the firm if the value captured from customers is lost through resource suppliers bidding up
the price of their resources and thus capture the differential value.
No party has a perfect view of the value creation and the use value. Thus there are
limitations to the possibilities for an objective price setting. Bowman and Ambrosini (2000)
points out that there is no relationship between the nature of the use value supplied by the
resource supplier, the role of this use value in the production process and the amount of
exchange value that the resource supplier captures.
Profit is value captured by the firm. Bowman and Ambrosini argue that value capture, the
realization of exchange value, is determined by the bargaining relationships between buyers
and sellers. The firm is in a position to bargain with resource suppliers (e.g employees and
material suppliers) on one side and the customer on the other. Customers can only reward
what they perceive. They often only perceive the final product, and if so they are not in a
position to consciously reward the resources (labor, machines, capital etc.).
These basic concepts of value are easily recognized in construction projects and between
the roles of project owner, asset user and executing party. Use value, exchange value and
value capture can help us better understand the process and results of a building project, the
shortcomings of our contract arrangements and organization models. For instance, the owner
acts as an investor and do not contribute to the use value as such. Money is a store of value
and a medium of exchange. It does not contribute to the value creation process. The owner
exchanges money for the property rights and thereby the rights to capture a portion of the
exchange value. The executing party obviously contributes resources to the process that
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creates value in developing the asset, assumed to meet the needs of the users. The users
themselves create new value in using the asset for its intended purpose. There are also
activities that destroy value in every firm. They do not contribute to create the use value or
capture use- or exchange value, they do not add revenue or reduce costs (Bowman and
Ambrosini 2010). The construction industry, famous for its low rate of productivity may be a
suspect to having more than its share of these value destroying activities. Poor management is
indicated as a likely cause (ibid p 489).
Bowman and Ambrosini (2010) argues that as a firm, both the executing party (the supplier
– f.ex a design firm or construction company) and the asset users (f.ex a company occupying
an office building, a museum accommodated in a special function building) performs in the
roles of customer and supplier for the ultimate purpose of returning an expanding stream of
exchange value to investors (their own company owners - shareholders). This will implicitly
give reason for conflict in the construction project. The one party that are best able to capture
(exchange-) value will succeed in supporting their owners and sustainable uphold of the firm.
Bowman and Ambrosini (2010) states that value to the supplier is the inverse of value to the
customer: The supplier provides use value for exchange value in return. Directly translated to
the building project this means that there is a fundamental conflict between the suppliers and
users. Not only do they have very different perceptions of value, they will also try to optimize
the ratio between exchange value paid for the use value delivered. In other words – when one
party wins, the other loses. These perspectives will determine the positions and motivation of
the parties. If these fundamental conflicts cannot be avoided – how can they best be handled?
The answer to this will change the game. It will construct a new basis for the project where
the supplier (executing party) and customer (project owner) can better handle their relations to
the asset users (tenant) and thus achieve more successful projects.
Charles Smith and Mark Winter (2010) points out that traditional project management is
preoccupied with the delivery of tangible outputs, but that from 2004 and up till today, the
understanding of projects as vehicles for transformation (change) and a focus on value has
been established. Traditional project management as expressed in the definition of a project as
a unique task or as understood by Sauer and Reich (2009) is that the project manager should
only focus on delivery because it is for others to “harvest” value by using the resulting
delivery of the project – the asset. Just like Smith and Winter (2010), we do not agree to this
view of project management. The project manager has an ongoing interest in the value of the
project. Only by active shaping of the project and deliberately seeing the project from
multiple perspectives can the project turn out to be a success. In complex situations exploring
the flow of multiple insights and implications which flows from different perspectives is the
only way to craft appropriate strategic actions (Smith and Winter 2010).
Helen Cooke (2009) points out that the definition of project success belongs to the initial
project documentation and must be given attention by the professional project manager. One
dominating aspect is the alignment with business strategy. If there is push-back from top
management it can signal a hidden risk to the project which the project manager has to
identify, analyze and plan for. It may be that there is a political aspect, different views among
executive stakeholders etc. Much of the project decision making is dependent on a clear view
of the project’s anticipated value proposition. The project manager should keep the value
statements from executives for future reference when tradeoffs are needed. Not having such a
clear statement is a primary risk that will have to be aggressively managed in the project’s
risk plan. Project value is critical to project initiation, continuity and overall success. Therefor
“defining project value” should be high on the chart of initial things to do (Cooke 2009).
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4 STRATEGY
Nearly all firms and organizations have established a strategy with the purpose of
explaining how their vision is going to be fulfilled. This envisioned future is, according to
Collins and Porras (1996) what a firm aspires to become, to achieve, to create –something that
will require significant change and progress to attain. In a changing world the strategy is the
change formula that at any time has to adapt to the competitive battlefield.
According to Michael E. Porter (1996) the changing competitive environment has led
companies from a static positioning strategy into a quest for productivity, quality and speed.
The result is that management tools such as total-quality management, benchmarking, time
based competition and outsourcing have taken the place of strategy. In a competitive context
this may give immediate operational and financial improvements. The effect of increased
productivity on viable competitive positions, however, is minor and the gained competitive
advantage is temporary. Porter points out that the root of the problem is the failure to
distinguish between operational effectiveness and strategy. Operational effectiveness is
essential to superior performance, but will not be viable unless followed by a strategy based
on achievement of sustainable competitive advantages. The only way to outperform rivals is,
according to Porter, to deliver greater value to customer, or create comparable value at a
lower cost or both, and to establish a difference from competitors that the company can
preserve.
While the vision stands unchanged, the strategy is focusing on changes to improve the
competitive advantages. The most visible changes in organizations is set up as projects, this
may be new IT-solutions, re-organizations or new and suitable premises expected to deliver
new capabilities. In short; projects are set up to create opportunities for the future. In the
article Project Success: A Multidimensional Strategic Concept, Shenhar et al. (2001)
discusses the projects as powerful strategic weapons and describe the projects as the engine
that drives strategy into new directions. The projects are initiated to create value and
competitive advantage. Defining and assessing project success is therefore a strategic
management concept, the criteria against which projects should be assessed. It covers the
project execution itself, the benefits for users, the financial outcome as well as the future
competitive benefits. Shenhar et al. thus suggests that project success should be assessed in
four dimensions, ranging from the short time project efficiency to future strategic impact.
According to Shenhar et al. (2001) most projects are conceived with a business perspective
in mind and with goals reaching beyond efficiency in project execution. When project
managers and a project team are engaged to set up a project organization they typically do not
focus the business aspect, but the immediate task. Suppliers bring in their own strategy
focusing on delivering efficient execution. Success is regarded as achieved when the project is
delivered within time and cost and at a quality level pleasing the client. The project may in
this perspective, be understood as an independent organization according to Mutka and
Aaltonen (2012), with a lack of consciousness of the projects owner business and strategy.
This contradiction in behavior between the three parties, the user and owner on one side
and the design team on other suppliers on the other hand, may have its origin in the respective
managements’ interpretation of which measures counts regarding customer satisfaction and
achieving strategic goals. In the article “Coming Up Short on Nonfinancial Performance
Measurements” Ittner and Larcker (2003) argues that successful companies have attacked the
problem of not linking measures to strategy by choosing their performance measures on the
basis of causal models, also called value driver maps. In this perspective, the project success
as defined by Shanhar et al. (2001) ranks on top and all activities must have causality to a
strategic goal of the project. “Any strategy statement must begin with a definition of the ends
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that strategy is designed to achieve.” If this end is achieving uniqueness and competitive
advantages, project efficiency as the only solution is not enough regarding to Porter (1996).
We need to understand the meaning of operational effectiveness (Porter, 1996) and which
value drivers matters (Ittner and Larcker, 2003) and where client-, user- and supplier strategy
converges in a project context (how separate strategies can work towards a common goal).
Operational effectiveness is dealing with how a company utilizes its input to perform
activities better than the rivals. It is evident that focusing on efficiency alone will not be the
differentiator to superior operational effectiveness, just like Porter (1996) stated. Suppliers
need to meet customer needs and have a strategic approach that is focusing on performing
different activities from rivals is key to competitive advantage. Performing similar activities
better is good, but easily copied by competitors.
Most firms’ strategic efforts aim at finding the strategic sweet spot, ref. Figure 2. Finding
the way into the strategic sweet spot, according Ittner and Larcker (2003), you need to take a
closer look at cause- and effect relationship that may exist between the chosen drivers of
strategic success and outcomes. Ittner and Larcker (2003) suggest that doing it right is
developing a causal model based on the hypotheses in the strategic plan. To find and track the
activities that’s leads to improvements and strategic success is in itself a challenging activity,
but once it has been proven and the final causal model chosen, it is hard to argue with and will
be the source of a broad –based agreement about strategy.

Competitors’
offerings

Customers’
needs

Context
(technology, industry
demographics,
regulation etc.)

Sweet
spot

Suppliers’
capabilities

Figure 2 Can you say what your strategy is? Adapted from Collis and Rukstad (2008)

The effect will hopefully be as Collis and Rukstad (2008) predicts; a well understood
statement of strategy that aligns behavior within the business. It allows everyone in the
organization to make individual choices that reinforce one another. In the example of design
approaches, a causal model will move the focus from efficiency to elevated success
dimensions, linking design success to customer’s broader perspective of success.
Kaplan and Norton (2004) argues that a strategy map, describing how the organization
creates value, based on five principles; strategy balances contradictory forces, strategy is
based on a differentiated customer value proposition, value is created through internal
business processes, strategy consists of simultaneous, complementary themes, strategic
alignment determines the value of intangible assets.
Kaplan and Norton points out that value is potential. Intangible assets, like employees
trained in statistic quality control and root cause analysis have potential value, but not market
value. Internal processes such as design, production, delivery and customer service are
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required to transform the potential value of intangible assets into tangible value. Kaplan and
Norton’s approach gives a comprehensive description of strategy, with a commitment to
create long term sustainable values for the owner by securing growth as a result of combined
efforts in doing things right and doing the right things.
In the book “The Right Projects Done Right”, Dinsmore and Cooke Davies (2002) present
the success formula: The right combination of the right projects done right. In the project
context right projects are the customer value perspective and doing it right represents the
productivity perspective. This is in accordance with Porter’s (1996) theories of competitive
advantages and Ittner and Larcker (2003) survey on causal models of value drivers.
According to Kaplan and Norton (2004) the strategy balances contradictory forces. This is
reasoned in that investing in long-term revenue growth usually conflicts with cutting costs for
short-term financial performance. This conflict is apparently visible in building projects,
where on the supplier side – focusing the project management success is connected to
efficiency and delivering on time and cost, while the user and owner (with some exceptions in
highly speculative investments projects) are concerned with how to realize benefits from the
value created.
The strategy map of Kaplan and Norton is shown in a modified version in Fig 3. The map
divides and balances the contradicting forces of short term financial objective for cost
reduction and the long term objective for profitable revenue and growth. This financial
perspective mirrors what is the main focus in the project based company: creating value for
the customers and users, and/or for their own shareholders. Productivity and value creation is
cultivated in different internal processes. Long term growth strategy on one side indicates
trying to increase customer value and win new markets by utilizing innovation and customer
management. Short term productivity or cost reduction strategies build on operational
management and regulatory and social processes. At the foundation level is the learning and
growth perspective, the intangible assets which drive the strategy implementation.
This is in accordance with Porters’ (1996) theories of competitive advantages as ability to
deliver greater value or being more productive or a combination. The important aspect is that
the long term objective for profitable revenue and growth is dependent on increased customer
value on one hand – and being productive is connected to the company’s ability to improve
cost structures and efficient operational processes.
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Figur 3 Strategy Map in a Building Project Context, Based on Kaplan and Norton (2004).

5 THE NEW COMMON GROUND
If used as a strategy map of a supplier in a building project the left hand side of Fig 3
represents the superior and functional design leading, whilst the right hand side represents
proven solutions at low cost.
In a strategic perspective and in accordance with Shenhar et al. (2001) the competitive
advantages regarding clients, the sweet spot (ref. Fig. 2) is situated the left hand side of Fig 3.
A successful supplier provides clients with innovative and functional design giving a
characteristic capability of realizing future benefits. While most suppliers is striving for
maximal productivity, which regarding Porter (1996) is achieved by management tools, the
challenging innovative and increased customer value creation is rooted in the capability of the
learning and growth foundation.
The project is an ecosystem – where different actors has their meeting point and the four
dimension of success (Shenhar et al., 2001) is dependent on mutual understanding and
contribution. A successful project is more likely to result from situations where the different
business models of supplier and user is aligning with clients’ value chain. The sweet spot
where the strategy maps of the actors are balanced, not only internally in each organization,
but balanced with each other. In Figure 4 this ecosystem is illustrated as two value creating
cycles with the key balancing act identified as the point where the value propositions of the
owner on one side and the supplier on the other hand meet. We call this the new common
ground.
In abstract terms this is a virtual place where opposite interests meet and either fight over
who’s winning, or collaborating to increase the value creation on both sides. In concrete terms
this is an arena where two different descriptions/documents need to be synchronized. They
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need to meet exactly in one spot. Any divergence will create tension and possibly conflict.
Finding this spot where there is balance require a carefully arranged process and, as described
above, several fundamental premises has to be in place.

Owner Value
Proposition

Vision
Strategy
Owner
benefits
2. order

The Asset

Producer Value
Proposition

Change
project
Value
Created

User
benefits
1. order

New
Common
Ground
Value
Created

The
Production
System

Service
project

Producer
benefits
1. order

Owner
benefits
2. order

Strategy

Vision

The process on the new common ground is characterized with communication between
Figur 4 New Common Ground: Where opposite interests meet.
demand and supply side. In building projects this is part of the briefing process. The task is to
bring together the client and users on one side (needs) and the suppliers and producers on the
other side (solutions). Language is one of the challenges that have to be faced on this arena. It
might be necessary to develop a new common language, or at least make sure the parties share
sufficient language (conceptual understanding). Not only the language needs to be
compatible, but also the strategies, as discussed above.
Value propositions: In general a Customer Value Proposition (CVP) is the statement by a
firm that summarizes how it can provide value for a prospective customer (12Manage, 2012).
In other words: why a consumer should buy its product or use its service. It is the total sum of
benefits a customer is promised to receive in return for the customer's associated payment (or
other value transfer). A sound value proposition is clear and concise and appeals to the
customer's strongest decision-making drivers. Also, it should convince potential customers
that the particular product or service will add more value than other similar offerings by other
firms.
As seen from inside the production system: The two cycles in Fig. 4 represent the internal
and external benefits. The internal benefits belong to the production system itself (including
all parties involved in the execution of the project) – the lower cycle. The external benefits
belong to the asset owner and user side – the upper cycle.
The complexity of the issues involved in the common ground is high due to many
entangled technical, organizational and economic problems, complicated trade-offs between
functionalities and costs, esthetics and robustness, time and quality etc. as well as conflicting
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interests. The causality is often unclear and sometimes questionable. It is not uncommon that
we need to accept that we deal with a “wicked problem” (Rittel and Webber, 1973).
In a quest for perfect decisions and sustainable results it is good to be reminded that there
are no perfect solutions to “wicked problems” (Rittel and Webber, 1973). These problems are
not clearly delineated, no clear indicators or criteria exist, no limited set of permittable
solutions. Possible solutions are value-based (good, bad), not truth based (true, false) and
there is no way of fully appreciating the possible consequences (du Plessis and Cole, 2011).
They point out three major shifts in thinking that influence the model of sustainability in a
whole/living systems paradigm. The shifts have been identified as; from complicated to
complex systems, from an equilibrium model to a non-equilibrium model, and from an
anthropocentric to an ecocentric world view. Du Plessis and Cole conclude that we need to
accept that construction is an ongoing, dynamic process within an ever-changing
environment. The value of a static tool like a rating system as an indicator of sustainability
performance needs to be questioned. To live with the uncertainty such a dynamic
development represent is a major challenge. We believe it is possible, but we also need some
fixed points to navigate from, and the fundamental roles discussed in this paper are examples
of such fixed points.
6 FINAL REMARKS AND CONCLUSION
There is no doubt of that the last decades research on effectiveness within the construction
industry has led to an increased consciousness of the project outcome and user value. Despite
this new attention, common procurement strategies as well as design teams are geared
towards project efficiency and re-use of design solutions.
The central question when deciding to invest in a new building is of course what will be
the return of investment. The big question in considering the potential value creation on the
supplier side is whether this project will be performed with the building as an asset in mind or
the business benefits from enhanced efficiency in use.
From an investors point of view property has for the last two or three decades been a safe
and secure asset, with almost guaranteed profit. The value of the asset has increased steadily
over time, more due to increasing demand for proper localization than the functionality of the
building. In such a situation, with focus on the building as a physical asset, there has been no
need for substantial changes of performance in the industry. Professional project management
will grant the return of investment.
The market situation when firms operated within a protected and limited competitive
environment is replaced with a global economy with international competitors within all
fields. As a result, the focal point of nearly all organizations is improved effectiveness in
operation to withstand a harsh competitive environment.
The picture changes radically when the value of the building comprises both the value as a
physical asset and as an asset that exists to facilitate the customer’s objectives. The
incorporation of both perspectives leads to the broader and more holistic definition of project
success. This is a creation of a multi-dimensional value, with tangible value giving financial
benefits and an intangible value of functional workplaces giving organizational benefits.
The day to day activity in most firms is carried out within buildings, in which the
functionality obvious is an important factor for performance. This new consciousness
concerning user efficiency in next turn leads to a need for change and new mindset within the
construction industry. When productivity was the main success factor in earlier protected
market environments, solutions was based on proven technical solutions and limited
interaction with user. Now, delivering holistic solutions that offer competitive advantages to
the customer through value creation in projects is the new success factor.
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Two interdependent paths to success are described in the strategy map (ref. Fig. 3). This is
the new challenge for the construction industry, which so far has tended to focus the
management side – being productivity oriented, but still not successful. The classical insideout thinking will solve the need for a building based on their competencies and routines as
engineers. However, the new quest for business benefits from the functionality and perceived
user value requires new mindsets as well as competencies.
To understand the clients’ needs in a holistic perspective, new leadership is required to
move from an inside-out perspective to the outside-in focus. The latter is approaching the
project from the customer’s perspective and proposed solutions are in accordance with what
the customer perceives as value. The new challenge is to organize the project in order to
effectively cooperate with the users/owner and translate their needs for tangible as well as
intangible needs into functional buildings.
The sweet spot needs to be based on creativity and innovative functionality – this requires
deep understanding of what the customer needs. The project is directed towards the customer
success (long term value – competitive advantage). At the same time the supplier has his own
success in mind and need to do so – it is legitimate. The supplier’s long term competitive
advantage lies in being able to create a specific advantage that competitors cannot. If they
only compete on productivity they will end up delivering the same competitive advantage to
the customer as all others. This in turn will make the client turn to substitutes.
The common ground includes the space where the customer and the supplier value creation
loops/processes meet – where the value propositions meet – the transition point. If the
propositions from each side are compatible/in harmony – this will create maximum value.
When all parties understand what creates value. In other words, when the actors are able to
find the sweet spot and develop the common ground. That is when the projects will tend to be
more successful.
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Abstract. European climate and energy policy has burdened building owners with the responsibility
to reduce greenhouse gas emissions. The recommendation in Finland is to improve energy efficiency
in connection with other renovations when it is most effective as to costs and use of materials.
Several decision-making models and tools have been developed to facilitate the path from devised
strategy to completed renovation project. Improvement of the energy efficiency of the building stock
and the consequent reduction in greenhouse gas emission has brought in more decision variables to
consider and thereby new tools.
The age composition of the Finnish building stock offers possibilities for energy renovations but due
to changes in the operating environment and operations, and new demands on buildings, renovation
projects must sometimes question the need for a building.
This complicated decision making is the research question of this paper. Based on inquires and
previous studies the decision tree is developed. It includes four main questions: Is there need for the
building? Is the building technically worth renovating? What are the goals in renovation project?
What is the best procurement model in this project? The research material consists of expert work
shop and interviews.
The project concretises the basis of the multiform body of decision-makers and decision-making. That
is why the new-construction process model does not suit renovation very well. Facilities management
and construction converge in renovation in a special way, which also builders should take into
consideration.
KEYWORDS: Facilities management, renovation, decision making

1 INTRODUCTION
Industrialisation and urbanisation have left their mark on Finland’s existing building stock
since the 1960’s (Statistics Finland 1, referred: 2.12.2012). During that period a large number
of dwellings and public service buildings were built first followed by private service
buildings whose envelopes and technical systems are now in need of renovation.
EU’s climate and energy policy establishes guidelines for improvement of the energy
efficiency of existing buildings (EU, 2010). The national complement to the guidelines
stipulates that energy efficiency renovations are to be implemented in connection with other
renovations (Ministry of Environment, 4/13). That creates a so-called social demand for
combining facilities management and renovation.
Increased demands for energy efficiency set also new requirements for goal setting. More
attention must be paid to goal setting, so called owner´s project requirements (OPRs) must be
adjusted according to the goals. This means that also key performance indicators (KPIs) must
be clearly determined and must to be measured. Because of that the design intent will be
developed, such as instrumentation planning and building automation design, especially how
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the results will be reported. What cannot measured, cannot managed is an often used phrase,
but very usable also in energy and facility management.
According to traditional theory, renovation is needed due to the end of the life cycle of
structures, materials, and technical systems. A new element in this context is the need to
reduce the energy consumption of buildings and cut their greenhouse gas emissions.
Renovation is no longer enough but an upgrade of the energy efficiency of buildings is also
needed.
Sometimes renovations are also necessitated by the changing needs and increased
demands of the occupants of buildings and the preferences of the owners. Renovation is the
consequence of the entire building or a part of it having reached the end of its life cycle for
technical or economic reasons or the building no longer meeting set functional requirements.
Sometimes tearing down the building is better solution than renovating it.
The research question is decision making process concerning existing building which is in
renovation age. The research material consists of 30 participant expert workshop (arranged
8.6.2010) under theme “Is the building worth repairing or tearing down?” and interviews.
The three sub-themes in the workshop were “user oriented building stock by renovation”,
“smart and corbon neutral building stock by renovation” and “profitable renovation
business”. Offerings of the workshop has been used in formulating Roadmap of the Built
Environment (Airaksinen & Vainio, 2012).
The interviews (14 stakeholders) were conducted during autumn 2011. Open-ended
questions were asked about the following four themes “impact of energy-efficiency demands
on decision-making”, “profitability of renovation measures that improve energy-efficiency”,
“how can the energy-efficiency of the building stock be increased” and “availability of
energy-renovation services”. The results of interviews have been introduced in under title
Energy renovations – an opportunity for the construction industry (Vainio, 2012).
The collected material is re-used and previous research results cultivated in new study
KLIKK – User and business oriented renovation what targets to boost renovation by
increasing both demand and supply. This paper is part of the demand side study which try
first to understand decision making process and second develop tools for it.
2

RENOVATION CLIENTS

2.1 Residential building owners as renovation clients
The Finnish housing stock consists of detached houses owned directly by households,
dwellings owned by households (through shares) in housing companies, and residential
buildings owned by for-profit and non-profit companies and municipalities. The first focus is
on dwellings owned by households.
The average repayment period of a housing loan in Finland is 17.4 years (FFI, 2012). The
loans cover on average 73 per cent of the dwelling price. Since the service life of wearing
structural members is about 40 years, the buyer of a new dwelling has pays back the loan
before expensive renovations of the building become topical. The fact that the building is
rebuilt and repaid as to wearing parts is still a surprise to many dwelling owners.
The special Finnish system of housing companies has worked well in new housing
production and overcome the scarcity of capital besetting the country after WWII. The
system also enabled low-income households to purchase an owner-occupied dwelling.
Now that the buildings are reaching the age when renovations are needed, the model that
was excellent for new construction has proven a hindrance. It is a classic path dependence
situation where historical decisions influence future ones.
The life situations of occupants of housing companies are different. Households may have
one or two incomes or live on wages or pensions. Renovation costs are divided based on
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dwelling size, not the number of inhabitants or their financial capacity. Another noteworthy
feature of renovation projects is that the costs are target-specific, not region-specific. For
instance, in old indusrtrial areas like Pori the cost of a plumbing renovation is 30% per square
metre of dwelling while in the Capital Region it is 20% of the price of the dwelling,
considering the differences in the prices of plumbing renovations and dwellings. The relative
differences produce two different renovation markets. (FREF, 2012 & Statistics Finland 2,
referred: 2.12.2012)
The owners of dwellings in housing companies are personally responsible for renovations
to their dwelling while renovations to the building and technical systems are a joint
responsibility. Decisions on renovations require a majority. There are always householddwelling units in housing companies unprepared for renovation. The reason is often that the
occupants only intend to stay in their dwelling only for a short period. A new hindrance to
renovation are the investment dwellings of the elderly who seek additional pension security
in the form of rental income. It is often impossible to transfer renovation costs in full to rents
which raises the threshold for renovations.
The lobbying group for housing companies (Finnish Real Estate Federation) has
developed tools for members’ asset management with support from the Ministry of the
Environment. The tools consist of a maintenance manual, long-terms plans (LTPs), a
renovation strategy and an energy certificate. The maintenance manual documents buildings’
systems, maintenance instructions and maintenance measures carried out during use. Drawing
up of long-term plans (LTPs) was made obligatory in 2010 by the revised Housing
Companies Act which stipulates that boards of housing companies must present to the
general meeting a plan of renovation needs for the next 5−10 years. Renovation needs
emerging during the preparation of the plan are placed on a timeline so that those reading the
plan can determine the annual renovation needs and related costs.
In theory, the LTP plan is supposed to schedule future renovations of a housing company
cost efficiently and so as to avoid surprises. However, the theory does not hold up in the real
world and renovations come to shareholders like a bolt from the blue. And when renovations
are undertaken, the final outcome differs considerably from preliminary estimates. That was
discovered as condition assessments on blocks of flats were compared to implemented
renovations. Certain measures had been used too often while others had been used too
infrequently (Nippala & Jaakkonen, 1996). The main reason for excessive renovation was
effective marketing communication and service offering. Renovations should, however, be
timed by project instead of undertaking them blindly under external pressure.
Yet, external pressure is not always negative. Slum areas have been successfully upgraded
by pioneering rehabilitation efforts. Successful marketing has caused a wave of renovations
to sweep across normal residential areas.
The renovation projects of housing companies are managed by parties totally different
from those managing new building projects. A project management organisation generally
oversees the construction of new buildings, and responsibility transfers to the shareholders
only on completion of the project. Renovation projects, on the other hand, are commissioned
by private individuals owning shares in a housing corporation. Private households are capable
of making decisions on small projects, but decisions on larger renovations require time and
discussion to reach an understanding. (Paiho et al., 2009)
2.2 Professional property owners as renovation clients
Companies engaged in property management monitor the return on the capital they have
invested in properties (Miles et al., 2007). They may set specific return targets, compare
actual return to buildings of own property stock, or to the returns on other similar properties.
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A clear indication of the necessity of the measures is the vacancy rate of a property.
Vacant spaces yield the least. A high vacancy rate is a strong incentive to take measures with
regard to a property. The property is assessed and earmarked either for development or
removal from the property portfolio. Property development generally means renovations
which alter the character (concept) of the property and brings in new tenants.
The starting point of property development is higher return (Miles et al., 2007). Finding
the right new tenants for a property requires both financial and local knowledge. Local
characteristics as well as expected future changes must be identified. Local knowledge is also
needed in negotiations with planning and licensing authorities. The role of licensing will
increase further in renovation along with new energy-efficiency requirements.
When the renovation need of a facility has been determined, the renovation project can
proceed along the same lines as construction of new premises. The same actors sit on the
implementer side of the table as in new building projects, while the responsible actor on the
client side may change. The client is responsible for the investments, while the real estate
department commissions renovation projects.
2.3 Different property management strategies
Property management strategies can be divided roughly into three groups: proactive, needbased and minimal. A proactive strategy is applied especially to buildings where failure may
pose a threat to life or result in significant economic loss. Owners that have chosen a
proactive property management strategy are rare and proficient renovation clients.
The need-based property management strategy is the most typical one, where the property
is renovated as faults emerge. The service life of a building services system is shorter and
related faults must be dealt within sooner than is the case with many technical system defects.
Property owners differ as to the amount of defects they can tolerate before launching
renovations. Technical breakdown or unwillingness of tenants to pay rent may force them to
undertake renovations.
It is economically sensible to use up a building or structural element, i.e. to renovate them
only at the end of their service life. That is why the national guidelines for implementing the
EPBD recommend improving energy efficiency in connection with renovations to be carried
out in any event. Then renovations can be made at a small additional cost using less
materials. Renovation of intact structures is a waste of both money and materials.
There is much more latitude in the selection of renovation methods for so-called used-up
buildings. Decision-making may emphasise ecology, economy, functioning, cultural values
and many other factors. The combined effect of energy efficiency, economy and functioning
when pursuing the need-based strategy may lead to the same result as a low-maintenance
strategy: demolition of a building instead of its renovation.
Development of the production technology of construction products and
internationalisation of trade have increased the availability of many products and lowered
their prices. That is why some properties are managed according to the low-maintenance
strategy where structural elements, even entire buildings, are replaced with new ones after a
quite short service life. This is logical in sectors where the life cycle of businesses is short.
The strategy also suits the public sector which has to produce services for areas in accordance
with the social mix.
2.4 Meeting of demand and supply in renovation services
Renovations that meet demand are hybrid products consisting of both products and
services, i.e. demolition and installation. Typically renovation services are marketed on the
basis of technology or properties of systems, spaces and structures. Design also focusses
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primarily, often only, on physical products. (Paiho et al., 2009)
Difficulties are encountered when a project planned on terms of products and production is
implemented in an open environment in interaction with clients or users of the building. The
attitude of the client toward the project is negative to start with.
Roughly generalising, one can say that a renovation project is an unavoidable and
expensive evil for property owners. It has been undertaken due to a failure in the technical
performance of the building (residential buildings) or a collapse in the yields of business.
Instead of presenting the technical properties of products used in renovation, the service
providers should be able to present first and foremost the end result to some clients and
spaces meeting yield expectations to others.
3

DECISION TREE

3.1 Basis for decisions
According to the traditional theory favoured by engineers, building renovations are the
result of the end of the life cycle of structures, material and technical systems. The purpose of
renovation is to restore the building to its original condition or raise its quality level to that of
new construction. The renovation process is thus often described in keeping with this
philosophy emphasising condition assessment of structures and technical renovation design.
Due to changes in the operating environment and operations, and new demands on
buildings, renovation projects must question the need for a building. Changes in economic
and regional structure may also lead to the property not finding a user, or the site or building
finding a more profitable use than presently. In both instances, tearing down of the facility
may prove more sensible than its renovation. Generally, investors enter the picture at this
phase of a building’s life cycle. They invest in underpriced properties, develop them, or even
hold them vacant waiting that their price goes up before realising their gains.
In the case of facilities, the operations of the company may already have changed to the
extent that the building cannot serve it even after renovations. Companies should see facilities
as a factor of production with the related decisions (property strategy) derived from the
company strategy. Facilities are to be in line with one’s values, e.g. when stressing
environmental responsibility or technology intensiveness. A long term plan (LTP) is worked
out for a property to implement the real estate strategy.
It is recommended that an LTP also be prepared for housing. In the case of old buildings it
is highly recommendable. Renovation is a means of extending a building’s life cycle.
Thorough renovation can restart the life cycle. Another option is to ramp down the
building and erect a new one in its stead. Changes in community structure may make this
alternative more realistic, e.g. if a detached house in a sparsely populated area gets
surrounded by blocks of flats.
The starting points of a renovation project are the existing building, its location and
properties, the values of the owner, and the users or occupants of the building (Thomsen &
Flier, 2010). If the aim of renovation is to increase energy efficiency of the building, the
building’s properties related to energy production and consumption receive emphasis.
The building stock is renovated as needed. Spatial arrangements are made if the activity
calls for it. Structural elements are repaired if necessary. Energy renovations are to be
implemented in connection with normal projects since they are a tool for attaining
internationally agreed climate goals.
Energy renovations aim at efficient use of energy, energy conservation and favouring
renewable energy sources. They require such a range of skills that the projects resemble new
construction. Goals need to be set, solutions to meet goals sought, implementation effected
and permanence of renovations during use ensured.
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The requirements must set at more detailed level than nowadays used; this means more
detailed design and also more detailed instruction to building site. Building commissioning
(Cx)-procedures must be further developed for renovation (retro commissioning). The more
general rating systems (LEED, BREEAM etc.) are also more and more used by developers.
3.2 First decision: Is there need for the building?
Is the building in the best possible use in the area in question? Would the building or area
be more suitable for some other use?
The profitability of a rental property depends on income generated and expenses paid
revealed by a normal analysis of financial statements. The situation with a single property can
be followed over time. Data collected on several properties can be compared to each other.
Statistical comparison is possible if data on many similar types of properties is available.
Comparison of the consumption data of one’s own property to those of a large number of
properties allows rating its levels of income and expenses.
As a rule, the most critical variable for the profitability of a property is the vacancy rate. It
can be the result of a high rental level of the property compared to similar properties. The
rental level may be increased by the high heating and cooling costs of a property. The
vacancy rate may also reflect the general economic situation, the situation in the target area,
or the fact that there is no need in the area for a building of the type in question. Other issues
in the operating environment that need to be clarified include the planning situation. The
planning process may weaken or strengthen the appeal of the area.
3.3 Second decision: Is the building worth renovating?
A renovation needs analysis based on the original building plans, previous renovations and
condition assessments is required for the renovation decision. Energy efficiency can be
determined on the basis of consumption figures, thermography, air-tightness measurements,
etc.
The renovation needs analysis or a condition assessment may also reveal such serious
damage or expensive renovation needs that it is better to demolish the building than renovate
it. Demolition is also necessary in the case of moisture damage that has contaminated
structures or if substances harmful to health are discovered in the building. Problems
encountered in the building may also be the result of poor foundations, polluted soil, soil
movements or other issues related to a location which render repair of the envelope useless.
3.4 Third decision: Setting of goals
If the previous two decision favour launching a renovation project, renovation plans are
made. In connection with their making, the condition of the building is assessed more closely
than in the renovation needs analysis.
An old building can be technically is such poor shape that its renovation does not make
sense. Demolition involves recycling and reuse of demolition waste. The foundations and
underground infrastructure of the old building may also be saved and used for the new
building. Erecting a new building on old but strong and functioning foundations costs less
than building a new one from scratch. The energy efficiency of a rebuilt building corresponds
to that of future new building.
If renovation design shows a green light, the owner must set qualitative goals for the
project before the final designs are drawn (Watson, 2009). The goals of energy renovations
may be improvement of energy efficiency, use of renewable energies, utilisation of free
energies, production of energy in excess of own needs, etc
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3.5 Fourth decision: Procurement model
The solutions are determined and selections affecting the end result, quality and
construction and life-cycle costs are made during design (Häkkinen, 2011). In practice,
responsibility for the quality and performance of the end result requires also responsibility for
design, or at least participating in it. In the traditional renovation project where design and
construction are largely separated, the client bears the responsibility. If the client does not
have the necessary skills, it pays to combine design and implementation of renovations into a
joint procurement. The consortium may be assigned responsibility for use costs which makes
the procurement a life-cycle responsibility project.
In projects aiming at energy efficiency, meeting of design targets and ensuring of
performance are especially important (Pietiläinen, 2007). Achievement of goals is therefore
confirmed by various measurements and the stability of conditions by monitoring and realtime control.
4

SUMMARY

European climate and energy policy has burdened building owners with the responsibility
to reduce greenhouse gas emissions. Both economic (higher energy taxes) means and
building regulations are used to achieve that goal. Public support for energy renovations and
introduction of renewable energy is minimal in Finland unlike in many other countries. The
recommendation is therefore to improve energy efficiency in connection with other
renovations when it is most effective as to costs and use of materials.
The age composition of the Finnish building stock offers possibilities for energy
renovations. A renovation backlog exists because building owners postpone the measures as
far as possible. From the viewpoint of climate and energy goals that can even be considered a
good thing. The renovations still lie ahead and can be made to include measures to improve
energy efficiency which would not have been included had the buildings been renovated
before the emergence of the energy agenda.
The sustainable construction model of new construction can well be applied to renovation
projects because there it is important also to set goals, ensure their achievement and
permanence in co-operation between the parties. Yet, before goal setting, one should take the
time to analyse whether the building is necessary and whether it is worthwhile renovating.
Decision making one way or another can be swayed by ecological and economic arguments,
not to speak of factors influencing the health and security of humans.
REFERENCES
Airaksinen, M., Vainio, T. (2012). The building stock from perspective of change renovation roadmap in Research highlights in energy and eco-efficient built environment,
Espoo, VTT Research Highlights 1. p. 183 - 185
Ministry of Environment order 4/13 (referred 18.3.2012). Energy efficiency with in repairs
and modifications. http://www.finlex.fi/fi/viranomaiset/normi/700001/40799
EU (2010). The energy performance of buildings (EPBD). Bryssel, The European Parliament
and The European Council Directive 2010/31/EU.
FFI (2012). Sparing, use of loans and way of paying (Säästäminen, luotonkäyttö ja
maksutavat). Helsinki, Federation of Finnish Financing Services.
FREF (2012). Renovation barometer (Korjausrakentamisen barometri). Helsinki, The
Finnish Real Estate Federation.
Häkkinen, T. ed. (2011). Sustainable building processes (Kestävän rakentamisen prosessit).
Espoo, VTT Tiedotteita - Research Notes 2572
Kuosa, J. (2003). Good ways to renovate (Korjausrakentamisen hyvät toimintatavat).
288

Terttu Vainio, Veli Möttönen, Timo Kauppinen, Anne Tolman

Helsinki, Suomen rakennusmedia – Kehittäminen ja tuottavuus 78.
Miles, M. E., Berens, G. L., Eppli, M. J., Weiss, M. A. (2007). Real estate development
principles and process. Washington, Urban Land Institute.
Nippala, E. & Jaakkonen L. (1996). Condition assessments of block of flats
(Asuinkerrostalojen kuntoarviot). Helsinki, Suomen ympäristö 18
Paiho, S., Heimonen, I., Kouhia, I., Nykänen, E., Nykänen, V., Riihimäki, M. &Vainio, T.
(2009). New pipe repair services (Putkiremonttien uudet hankinta- ja palvelumallit).
Espoo, VTT Tiedotteita - Research Notes 2483.
Pietiläinen, J., Kauppinen, T., Kovanen, K., Nykänen, V., Nyman, M., Paiho, S., Peltonen,
J., Pihala, H., Kalema, T. & Keränen, H. (2007). Guidebook for life-cycle commissioning
of buildings energy efficiency and indoor climate (ToVa-käsikirja. Rakennuksen
toimivuuden varmistaminen energiatehokkuuden ja sisäilmaston kannalta). Espoo, VTT
Tiedotteita - Research Notes 2413.
Statistics Finland 1 (referred 2.12.2012). Buildings and free-time residences.
http://www.stat.fi/til/rakke/index_en.html.
Statistics Finland 2 (referred 2.12.2012). Prices of dwellings.
http://www.stat.fi/til/ashi/index_en.html
Thomsen, A. & van der Flier, K. (2010). "Upgrade or Replace? The effect of the EPBD on
the choice between improvement or replacement ", Urban dynamics & housing change Crossing into the 2nd Decade of the 3rd Millennium. ENHR 2010, 4-7 July, ITU, Faculty
of Architecture, Istanbul.
Vainio, T. (2012). Energy renovations- an opportunity for the construction industry?
Management of Construction: Research to Practice, The Joint CIB Symposium 26–29
June 2012, Montreal.
Vainio ,T., Nissinen, K., Möttönen, V., Vainio, S., Herrala, M. & Haapasalo, H. (2012).
Turning construction of a sustainable community into business (Kestävän yhdyskunnan
rakentaminen. Näkökulmia ja liiketoimintamahdollisuuksia). Espoo, VTT Technology
40.
Watson, P. (2009). The key issues when choosing adaptation of an existing building over new
build. Journal of Building Appraisal 2009/4, 215–223.

289

7th Nordic Conference on Construction Economics and Organisation 2013

US OR THEM? A CASE STUDY OF TWO INTERNAL PROJECT
TEAMS DURING CONSTRUCTION OF A NEW CORPORATE HQ
Siri Hunnes Blakstad, Nils O.E. Olsson
Norwegian University of Science and Technology, Faculty of Architecture and Fine Arts, Trondheim,
Norway.
e-mail: siri.blakstad@ntnu.no
e-mail: nils.olsson@ntnu.no
Web page: http://www.metamorfose.ntnu.no/

Abstract. In construction projects, where the building is built for the purpose of one particular client,
there is a need for clear organization of roles and responsibilities. The purpose is to facilitate a
process where clients’ and users’ demands and ambitions are understood and given as input to the
construction project. This paper explores the roles and responsibilities as well as the interaction
between two distinct teams; one team representing the “demand”: client and users, and another team
representing the “supply”: construction business professionals, such as project- and construction
managers, designers and contractors. The paper is based on a case study of a large, purpose-built
office for a Norwegian bank. In the case study, both teams were managed by stakeholders
representing the bank’s board of directors. Based on in-depth interviews with stakeholders on both
sides, we analyze: (1) the different languages used by the two teams, (2) how demands are translated
and understood, (3) if there are different interests, objectives and incentives on the two sides, and (4)
if there are different decision processes. Almost two years after finalization, we see that these
objectives are met to a large extent, and that the project is seen as successful by both teams. The main
conclusion is, however, that there is a real difference in culture, language, decision processes and
perceived objectives between the two teams. A common understanding of the different roles, interests
and languages is crucial for successful execution, and common, clear objectives are needed to
synchronize the efforts of the two teams in order to produce one project.

KEYWORDS:
Involvement

Project Stakeholders, Strategic Briefing, Corporate Real Estate, User

1 INTRODUCTION
There is a need for clear organization of roles and responsibilities in construction projects
(Winch 2010) in order to ensure that the construction can be executed in an efficient manner.
This is, however, even more important when designing and constructing a building for the
purpose of one particular client (Blyth and Worthington 2010). The process needs to be
facilitated in order to ensure that the clients’ and users’ demands and ambitions are
understood and given as input to the construction project (Olsson, Blakstad, Hansen 2010;
Kaya 2004)).
In practice, we have seen that this is a challenging task. In cases where the user
organization has ambitions of changing the way of working in and using the building, the
actual definition of needs and demands is part of an organizational development process
(Kernohan, et al. 1992, Våland 2009). These processes usually take time, as they depend on
the management and the culture of the user organization, the “demand side” (Eikeland 2001).
Ambitions and demands are usually expressed in a business language (Blyth and Worthington
2010). To continue using the terminology of Blyth and Worthington (2010), the “supply
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side”, or the construction project, typically need decisions as early as possible in the process,
and is dominated by a “construction culture” and language.
In projects where the user organization is “building for itself”, and also owns the building,
there may be different internal project teams holding the different roles. The “internal
supplier project” is responsible for project construction management and representing the
owner’s interests. The “internal demand project” is representing the user organization’s
interests, needs and requirements (Hansen and Olsson 2011).
In this paper, we study the relocation and construction of a Norwegian bank. The project
was organized with two distinct project teams, inspired by Blyth and Worthington (2010),
having separate roles in the project, see figure 1.

Figure 1. Matching supply and demand, two teams – one project. After John Worthington, lecture in Trondheim
January 29th, 2008

In this case study, we decided to investigate how the project’s two teams worked together
to develop the project. Our aim is to explore how the information and demands developed in
organizational development and user processes can be fed into construction projects. This
paper explores the roles, the responsibilities, as well as the interaction between two distinct
teams: One team representing the “demand”, optimizing user values, and another team
representing the “internal delivery project”. This is also an internal team, which acts as
project and construction managers and interacts with the professional actors in construction,
such as designers, consultants and contractors. Based on this, we developed the following
research questions: (1) Do the teams use different languages? (2) How are demands translated
and understood? (3) Are there different interests, objectives and incentives between the two
sides? (4) Are the decision processes different for the two sides?
2 METHODS
A qualitative case study research approach was used (Yin, 2003). This study is a case
study based on trailing research (Finne et al., 1995). Separate sets of research material have
been used, particularly a combination of project documentation and publicly available
information, participant observation during project planning and design and interviews with
key personnel.
The authors collected all important information related to the investigation in a case-study
database. The database included sources of information, collected documentation, and
interview guidelines. We used input from multiple respondents to reduce the influence of bias
in the conclusions. We are, however, aware of the fact that we studied stakeholder and project
management in a complex environment with several influencing factors.
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One of the authors was involved as an advisor and evaluator in different project phases in
the project. Therefore, we had access to some project documentation, and had a good
overview of involved stakeholders. We interviewed four persons who have been in central
positions in the project. The interviews were semi-structured. An interview guide was used
during the interviews. The interviews were taped, and transcripts of the interviews were made
within three days of the interviews. For quality assurance, a summary of our findings was
presented to the interviewees. In the following, we briefly present the interviewees:
The project manager for the demand side (Project manager, demand). She had a
background as head of HR. During the project she had a small team which worked on
defining demands, securing solutions that would fit the objectives and the demands of the
Bank, following up on objectives and benefits and developing the organization in order to
utilize the new building. The demand project also developed surveys together with external
researchers to validate results, and carried out pilots for the new office solutions in the
temporary location (during construction of the new building). The demand project also
worked with the SMART ambassadors and user workshops, and was responsible for location
of different units and teams in the new building.
The project manager for the internal delivery project (Project manager, delivery).
The project manager for the delivery project was an experienced project- and construction
manager. He was employed by the Bank to lead the internal delivery project and to be
responsible for the contracts and the delivery from the external delivery project (consultants
and constructors).
The chairman of the board for the real estate company that developed and owns the
new building (Chairman). The Bank set up a real estate company to develop and own the
assets. The chairman of the board was earlier the real estate manager for the Bank.
The consultant that acted as advisor to the demand project (Consultant). The demand
project experienced a need for construction and real estate competence on “their side of the
table”. An external consultant was hired to advise and support the demand project.
3

THE DEMAND AND THE SUPPLY SIDE IN CONSTRUCTION

The paper explores the roles and responsibilities as well as the interaction between two
distinct teams: One team representing the “demand” side, and another team representing the
“supply” side.
3.4 Project stakeholders – what is inside and what is outside?
Stakeholder management has been an issue in management sciences for some time
(Freeman 1984), including project management (Cleland 1985). Littau, Jujagiri and
Adlbrecht (2010) review stakeholder theory related to project management. They find that
stakeholder theory frequently is applied what analyzing construction projects, and that the
understanding of stakeholders has moved towards a more complex view. As shown by
Eskerod and Huemann (2013), stakeholder management is an established part of many
project management standards. In spite of this, Yang et al. (2011) point out that a systematic
framework for stakeholder management needs to be developed. According to Olander and
Landin (2008), project managers need to communicate with stakeholders so that the
perceived benefits and negative impacts of projects are made clear. A distinction can be made
between internal and external stakeholders (Cleland, 1999; Gibson 2000). Olander (2006)
describes that internal stakeholders are formally connected with a project (such as project
owners and users), while external stakeholders are affected by the project in some way. In
such a perspective, one aim of this paper is to elaborate on the distinction between what is
internal and what is external related to the project and the stakeholders’ understanding of the
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project.
Artto et al. (2011) make a distinction between investment and delivery projects.
According to them, an investment project is realized by a customer, who invests in the
project. The customer expects benefits from the investment. To secure the realization of these
benefits, the customer typically sets up a customer internal project organization. In addition,
suppliers typically also set up delivery project organizations.
In a traditional customer-supplier relation, the customer and supplier are in different
organizations, and have a business relation based on a contract. In this perspective, the
delivery and investment projects are two separate projects, each with their own goals.
However, as we will see in this paper, the dividing line between the supplier and customer
project, and framework of thinking, does not have to follow the organizational boundaries.
Eikeland (2001) makes a difference between efficiency and effectiveness in construction.
A high efficiency means that the construction process uses a minimum of resources, time and
cost to produce the specified result. Effectiveness is related to the ability of the process to
satisfy the requirements, objectives and priorities of customers, primarily the project owners
and users.
3.1 Strategic briefing and user involvement
Workplaces should support work processes, and benefit the user organization as well as
the individual users. In a client’s perspective, an important aspect of briefing is to ensure that
the design process reflects the client’s needs and expectations, thereby adding value for the
users and hence to the client’s business. In this context, value of the project relates to how
future use of the building supports the core business.
Briefing is more than a client delivering a set of ready-made decisions to the design team.
According to Blyth & Worthington (2010, p. 3), the briefing process is “an evolutionary
process of understanding an organization’s needs and resources, and matching these to its
objectives and its mission”. This contrasts some representation of the building process as
sequential. Peña & Parshall (2001) describe briefing as problem seeking, not problem
solving. Often, one makes a distinction between the strategic brief and the project brief or
functional brief (Blyth & Worthington, 2010; Ryd & Fristedt, 2004; Elf & Malmquist, 2009).
Blyth & Worthington (2010) defines a strategic brief as “a document that sets out the aims of
the project. It is written in the language of the client and its business with clear statements of
intent against which later results can be measured” (page 17). They also highlight the
importance of describing “ends” and not “means” in the strategic brief. The strategic brief is
written in the language of the user organization and its business, while the language of the
functional brief is that of the construction industry. Based on this, Blakstad and Andersen
(2011) describe strategic briefing as a management process which integrates the development
of work environments with the mission and objectives of the organization, in order to define
future spatial needs.
Theory and practice in workplace briefing and design often prescribe involvement from
the user organization in order to define needs, supply information and to prepare for use of
the new workplace (e.g. Kernohan et al., 1992; Duffy & Worthington, 2004; Kaya, 2004).
User involvement could also be part of an organizational development process, taking
advantage of the possibilities to use the building project as a tool for development of the user
organization (e.g. Gjersvik & Blakstad, 2004, Våland, 2009). With the rhetorical question
“Who is the user?”, Olsson et al. (2010) propose a model for user categorization, questioning
a tendency to look at “users” as if they are one homogenous group. They identify different
users, including facilities managers and the user organization’s employees, as well as the user
organization’s customers.
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3.3 Two languages?
According to Blyth & Worthington (2010), it is normal to find some very strong
contradictory conditions in projects. Clients and users typically focus on organizational needs
and requirements. Contractors, on the other hand, focus on the technical aspects of the
building in question, see figure 2.

Figure 2. Matching supply and demand, two languages. After John Worthington, lecture in Trondheim,
January 29th, 2008

The design process has two main aims or outcomes: input to the production and input to
the managerial decision process. According to Hansen & Olsson (2011), the two outcomes
have a number of contradictory characteristics. The demand and supply side have conflicting
interests between regarding the decision-making process. The production process calls for
early decisions and control of cost, time and risks. In contrast, the demand side of a project
will focus on the project’s effectiveness and aim to keep options open as long as possible or
necessary.
4 CASE – TWO TEAMS, ONE BANK
In 2005, the Bank decided to consider possibilities for a new HQ in Trondheim, Norway.
The Bank employs 1100 people, is the region’s largest financial institution, and is present at
56 different locations. When the project was initiated, the Bank was located in two adjacent
buildings in the city center. The lease period was coming to an end, and the present buildings
were not fulfilling the Bank’s needs, and had limited possibilities for adaptations and
upgrades. The project started out with a phase 1 of analyses of possible locations. It was
decided to remain at the same location. The land was purchased, and it was decided to
demolish two 1970’s buildings and construct a new building. In phase 2, they developed a
program for an architectural competition. Already at this point, one had defined two separate
project teams: One responsible for developing and constructing the building (internal delivery
project) and one responsible for developing the organization to make the most out of the new
building (demand project). The demand project was also responsible for defining and
developing the brief. Both projects reported to the board of directors. The architectural
competition was won by a local team. In phase 3, the project was developed in cooperation in
a partnering model with consultants and suppliers. Based on the detailed design, one decided
to hire a contractor to finish the project in a design- and build contract. The Bank moved into
their new premises in November 2010.
Already in phase 1, the Bank decided to focus their attention to the potential benefits one
expected the project to add to the organization. They agreed to focus on five topics, which
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were regarded as the issues with the highest potential for improvements and development:
Samhandling (cooperation), Miljø (environment), Attraktiv (attractive), Rasjonell (rational),
Teknologi (technology). In Norwegian these objectives form an acronym: SMART, which
itself was important to highlight the goals; working SMARTer together and SMART use of
energy. Lead by the demand project, much effort was put into analysis of possible business
benefits, organizational development and change management (Blakstad & Andersen, 2011.
Blakstad & Andersen, 2013). The management group has been the steering committee.
4.1 Two teams?
The Bank realized that it didn’t have the competence to develop and build on its own, as
building a new HQ, a building of this size, was a “one-off” project. They considered finding a
supplier of real estate, from which they could buy “the whole package”. But simultaneously,
the Bank was in a strategy process, and one realized that there was a potential in utilizing the
development of the new HQ as a part of the organizational development process. They
decided that they needed both the organizational development process (demand) and the
project development project (delivery) in-house: “We wanted a clear distinction between
demand and project delivery. The main advantage is that one enables the delivery project to
focus on the delivery, on economy, quality and time, without interference from the
organizational development” (Chairman).
The internal delivery project was organized as separate legal entity, but fully owned by the
bank, and with a board consisting of the chairman and members of the bank’s management
team. All respondents realized that even though there were two projects, they both in fact
reported to the same organization, the Bank’s board of directors.
All the respondents had a clear understanding of the fact that there were two internal teams
in the project, and that these teams had different roles and responsibilities. It was also clear
from all the interviews that it was at times difficult to work together in this constellation, and
that confrontations occurred. The respondents express that the relationship changed in the last
phases of the project, where the two teams had a common interest in watching the Bank’s
interests towards the external contractor.
4.2 Different languages and cultures
All respondents find that there are different languages, cultures, procedures and ways of
working in the two teams. The informants highlight the different languages in the two teams,
the different ways of working and the different cultures: “The internal delivery project, the
consultants and the contractors share a common language. They are all recruited from “the
tribe”, contractors or construction professionals” (Consultant).
Project manager, demand: “It was a challenge when it came to communication. This was a
new field of expertise for me. I was in a room with 14 engineers. And they seemed to be very
much alike. They had their own jargon. I remember thinking that they didn’t like to be
challenged to think new thoughts… When we came with our questions it was so easy for them
to say: “This is not possible”, “We can’t do that”. And I couldn’t say: “Yes, it is possible”.”
The demand project often experienced that what they believed was taken care of in the
project suddenly seemed to be left out. Seen from the internal delivery project, this was due
to practical, economic and technical reasons. It was very hard for the demand project to judge
if this was the correct decision. This was the reason for the demand project to engage a
consultant with the necessary knowledge of construction, construction processes and the
delivery culture: “We engaged the Consultant, as my advisor in the development phase. He
could see things from our side, be at my side of the table, and still have knowledge enough to
judge the decisions taken from a construction point of view” (Project manager, demand).
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This was difficult for the delivery project, as they saw this as questioning their
professional authority. Seen from the internal delivery project, the demand project didn’t
understand the implications of earlier decisions, and discussions were kept open too long.
This was not only due to competence and language, but also due to cultural differences.
The Project manager, delivery, tells about what he sees as unclear decision models,
“loops” and reopening of discussions after decisions were made, as well as a general lack of
understanding for the building process at the demand side. Seen from the demand project, on
the other hand, there was a lack of understanding from the internal delivery project for the
demands and the change process that was going on in the Bank. This approach was supported
by the Consultant, who was true to the model and insisted that the demand project should
express demands, not solutions: “I had one message to the demand project: Don’t try to talk
“delivery language”. When you choose a model like this you have to describe what is
important for you. You should not specify a certain material or solution. You should tell them
what you want to do inside the building... They will then have to suggest solutions to your
problem… It is not about the volume of the fresh air you put into the building, but that it
becomes a good environment to work in. This is what matters in the end. They should always
ask themselves about this. But they don’t, they say: “We have delivered the amount of air you
asked for” (Consultant).
In retrospective, both parties see that they would have benefited from knowing more about
each other’s worlds and languages: “It was almost like Norwegian vs. Sami language. We
talked different languages. We certainly did. I expected the demand project to learn our tribal
language. In retrospective I see that we should have had a period to learn each other’s
professions. But we had no time. It is equally important for us as project developers to
understand the Bank. I know so much more today about how the Bank is operating, things
that would be very useful to know when we started the project” (Project manager, delivery).
4.3 Specification of needs and translation into solutions
From the respondents it seems to be a disagreement, or at least a misunderstanding, about
who should provide the detailed, technical brief. The demand project saw its role as
describing the strategic and a generic functional brief, but expected the delivery project to
come up with clear specifications and solutions. The internal delivery project, on the other
hand, expected a finished technical brief from the demand project: “For me, who was used to
build hospitals, this project lacked a clear brief. In the hospital everything was described, all
the way down to the equipment in each room. We asked for a clear set of requirements. What
will be the departments in block B’s requirements in the end?” (Project manager, delivery).
The demand project, on the other hand, tried to express its demands and requirements as
“output”, not accurate requirements. They didn’t even know which department would move
into block B this early in the project, or even which departments the bank would consist of at
the time of moving in. The demand project needed to postpone these decisions, and decide
this just in time for moving in. Equally important for the demand project was that they knew
that changes would continue after moving into the building. They needed a general, universal
solution, which they could use flexibly.
Later in the project, the respondents also experienced that the differences between them
actually contributed to developing good solutions: “In the partnering phases we developed
good solutions together. This ventilation system is unique and successful both when it comes
to indoor air quality and energy. This solution would never have been developed if it only
was up to the contractors and the consultants” (Project manager, demand).
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4.4 Different interests, objectives and incentives
As described earlier, the bank developed a set of objectives, SMART, that became very
important for the demand project and for the measurements of benefits and added value for
the bank in use: “The SMART objectives became very formative for the whole process, all the
way down to measurements of added value, which we expressed in monetary terms. But there
were no incentives for the delivery team in this. They were instead followed up on energy
performance” (Project manager, demand).
And the targets for energy efficiency and indoor environment were indeed very ambitious
and demanded a lot of effort and unconventional solutions from the delivery project: “I don’t
think they understand the implications of the ambitious energy target at 85, or “the best
indoor environment”. It gives very clear restrictions on what you can do, and what you can’t
do” (Project manager, delivery).
The delivery project was measured on delivering the project, on time, at the right cost and
with good energy solutions. The demand side’s objectives were related to benefits in use,
over time. “The delivery project was measured on everything you can measure during the
construction project. But a lot of this can only be measured when the project is over. These
things are being evaluated now, during use” (Chairman).
4.5 Different decision processes
Managing a construction process requires many decisions. Decisions must be made on
time. Once a decision is made, the selected solution will limit the future possibilities and
freedom. Changes are difficult to manage, and usually costly. In the delivery project, they felt
that the demand project didn’t understand this. Sometimes, decisions must be taken based on
the best possible information available at the time. This “construction logic” was very evident
in the internal delivery project, also in the initial phases of the project: “I don’t think all the
differences were about the language. It was about the project and its development, to
understand the necessity of making decisions, and when they have to be made... For the
demand project, there were several layers: A reference group, a steering group, the
management of the bank, the board of directors. They had a set meeting agenda. But in a
project, we have to make decisions as soon as a question arises. We cannot wait for 3 weeks
for the next meeting... So we had difficulties understanding the other party’s process. …
Sometimes we just had to make decisions, based on best guess… We had to order things, like
carpets, doors, etc. It takes 8 weeks for them to be delivered to us… The demand project
wanted to postpone the decisions, we needed them immediately. This happened all the time”
(Project manager, delivery).
Seen from the demand project, this resulted in suboptimal solutions: “The incentives for
the delivery project were time and cost, not so much quality. I felt this was true both for the
internal delivery project as well as the contractor. They delivered on time and cost. But the
way I see it we sacrificed some of the qualities” (Project manager, demand).
The Chairman observed the difference in decision making: “Some of the conflict between
the bank and the construction is related to rule-based management versus management by
objectives. The bank needs three alternatives to make a decision. The construction project is
like a heavy freight train. It has a strong momentum, it requires a strong force to slow it
down, and it has a large cost to slow it down or adjust the direction... It requires confidence
and believing in your own decisions. We needed someone who was good at this. I am happy
that we managed to build an organization which was able to do this. But we should probably
have used more time in the beginning, to synchronize the languages”.
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4.6. Result
Even though the demand and the delivery project had different languages, cultures,
incentives and decision processes, they realize and acknowledge in hindsight the benefits of
working together, and each other’s perspectives and competence: “I understand more of this
now. We should develop something new. We were aiming at another way to run a bank,
something different from traditional banking from the 70s. The bank wanted to work
differently, and this development of the organization happened in parallel with development
and construction of the project… We discussed if we could have delivered the project without
the demand project, and the participation from the bank as a user. And we could. But it
would not have been the same building as this one. There are solutions that are there thanks
to the demand project” (Project manager, delivery). This is also recognized by the consultant:
“There was a great deal of difference between the teams, if it hadn’t been the case, we would
never have achieved this… With all these differences, still the outcome is a rather successful
project. Maybe it’s not so bad after all?”
5 CONCLUSIONS
We have studied to what extent the two teams used different languages or had different
interests, objectives and incentives. We have found that the teams clearly did have different
languages as well as a different set of approaches to the project. The results also point to the
fact that the teams consist of different people, different stakeholders and competences. We
have seen from the literature review that in most theory, the demand and the supply way of
thinking is associated with a contractual arrangement and transaction between the client and
external suppliers, see figure 3.

Figure 3. Traditional view of demand and supplier relationship

In this case study, we have seen that in an organization’s internal projects, both the
supplier and the customer may be found within the same organization, even though the
supplier side often also includes external suppliers, see figure 4.
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Figure 4. Two teams within the client/user organization, and one external delivery project: contractual
relationship between “demand” and “supply” stakeholders

However, as we have seen in this paper, the dividing line between the supplier and
customer project, and framework of thinking, does not have to follow the organizational
boundaries. This division is related to an array of aspects, including language, objectives and
understanding of the project process, see table 1. We note that the division between supply
and demand was more related to roles in the project, background and incentives, and did not
follow the traditional contractual and organizational boundaries, see figure 5.
Table 1 : Summary of key aspects and differences between the demand and supply side of projects

Aspects
Typical stakeholder
perspective
Perspective of key
success factors
Objective
Short term success factors
Long term success factors

Supply
Suppliers
Sub-suppliers
Efficiency, do the right
things
Delivery
Time, cost (incurred),
meeting specification
Profit, positioning for
future deliveries

Demand
Project owner
Users
Effectiveness, do things
right
Value realization
Time, cost (paid), quality
Benefit from use of the
building

We also studied how demands were translated and understood. A major aspect of the
language differences was related to demand clarification. It also became an issue to what
extent the supply and demand teams should strive to establish a common language for
requirement management. Especially the demand side felt an expectation that they should
translate their qualitative requirements to quantitative ones, a task they had no experience or
expertise to do themselves. Architects and consultants have an important role in serving as
translators between the supply and demand side.
One aim of the paper was to investigate if there were different interests, objectives and
incentives between the two sides. We have found that it was, and that the traditional division
between supply and demand in construction was present also with the internal teams. This
confirms the impression from the literature review. However, an important distinction is the
one mentioned above, that the dividing line follows roles, not the traditional organizational
boundaries and who is “inside” or “outside” the client’s organization.

Figure 5. “Demand” and “supply” culture, do not have to follow organizational boundaries
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Related to the decision process, we found different approaches between the two teams.
The differences include language and interpretation of language. To someone who had not
been involved in a large construction project before, it was not clear what the discussions and
decisions in project meetings implied. And for someone that didn’t know the changing nature
of banking and the logic of changing the organization and securing general solutions that
could change together with the bank in the future, the organizational development process
was difficult to relate to, and too slow to be able to take necessary decisions. However, it may
well be that these differences are needed in a project, to secure the necessary balance between
construction rationalism and user adaptation and long term value. Even though the two teams
subscribe to slightly different objectives and incentives, they are fundamentally at “the same
side of the table”, something that also became evident in the last phases of the project in this
case.
This study has been exploratory in nature, and we see that further investigations, with
larger samples, must be executed in order to research how a common understanding of the
different roles, interests and languages is crucial for successful execution, and how the
influence of common, clear objectives can synchronize the efforts of the two teams in order
to produce one project.
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Abstract. Norwegian construction industry is challenged to improve energy efficiency. However
changes are slow. This paper redefines the problem as organizational, and explores the use of
collaborative working as a means to overcome the challenge. Three role model projects with extra
high energy ambitions are being analysed. They are all new office buildings, completed in 2009-2010
by professional property developers. The concepts include combinations of technical solutions that
had not previously been used in Norway at the time of completion, and they all achieved prizewinning
results. Case studies include interviews with key informants from planning stage in addition to
available project descriptions. Findings are that the projects include more extensive multiprofessional collaboration than traditional construction projects. Establishing multi-professional
teams at an early stage, workshops and kick-off meetings are among the means being used. So are
partnering contracts with contractor and green tendering contracts. The relevance of extraordinary
collaboration is partly to reduce risks, partly to pool knowledge and partly to improve the results.
Our findings are supported by previous studies of innovative and complex projects within various
industries. In conclusion extensive collaboration among highly skilled professionals had vital
importance for reaching the record beating energy performance of the buildings in the case projects.

KEYWORDS: energy performance, collaboration, role model projects
1 INTRODUCTION
1.1 The problem in general
Due to concern for future resource consumption and the global climate, international
political initiatives strive for energy efficiency. The EU Direction on energy implies
gradually more strict regulations for energy efficiency of new and refurbished buildings. As
for Norway the technical requirements will become gradually stricter, and will imply passive
house level within 2020. For this purpose there are a number of initiatives to promote
improvements. Among these is the public support to role model projects with outstanding
ambitions regarding energy. Role model projects focus on developing and testing new
solutions, and are developing knowledge and skills required for the new construction practise.
Experiences are shared among practitioners throughout the industry.
Within the industry there are experiences showing that the passive house ambition can
be reached with conventional materials and methods (Mirza, 2006), basically by improving
quality of the work. However the change of practise is slow. A challenge is that the extra
investment costs may hinder realization of energy efficient buildings even if operation costs
might defend the investment in the long run. All in all, high energy performance asks for
development within the industry to find solutions meeting the new requirements.
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1.2 The problem redefined as organisational
Over the last couple of decades the construction industry has developed a backlog
compared to other industries regarding quality and productivity. This issue has been
addressed by the Latham and Egan reports in UK (Latham, 1994, Egan, 1998) and by
Byggekostnadsprogrammet in Norway (Norwegian government, 2004). Among the obstacles
identified in the literature for improvement are organizational characteristics of the industry;
project to project co-operation (Orange et al, 1998). Complexity due to the large number of
professions involved in the production chain, project-based teams and the large number of
small enterprises are found to be barriers to lean production (Egan, 2002) and innovation
(Valen et al, 2010) in the industry. The pattern of loose couplings between the actors seems to
favour short-term productivity while hampering innovation and learning (Dubois & Gadde,
2001). In addition the traditional system commonly implies conflict, hostility and litigation
between contractors (Bishop et al, 2009).
All in all organisational barriers between the professions and enterprises involved in
the planning process are found to cause under-performance in the industry. In our view the
same characteristics may be a barrier to improve energy efficiency and environment
sustainability in construction projects.
1.3 Collaborative working as a means to overcome the challenge.
Collaborative working is an alternative model to the traditional one. The notion of
collaboration covers a wide range of organisational forms. In general collaborative working
methods imply models for various actors (persons or enterprises) working jointly. This can be
a formalized partnership or informal co-operation. In the context of the construction industry
the concept covers models that differ from the traditional serial-organized design process.
In various industries collaborative working models have proved to be useful in
solving new problems. To focus on a common product or service to be created a temporary
collective of disparate partners may come together. In fruitful innovative processes there are
observations that the participants move from a position of simple co-ordination according to
occupational scripts to full co-operation and open communication. The development process
may be supported by an external facilitator and “boundary crossing laboratories” or other
methods. During the process the parties learn expansively from each other. However
professional divisions, ingrained practices and identification boundaries are found to be
challenging for the communication (Engeström et al, 1999, Bishop et al, 2009).
Among the collaborative working models are various forms of partnering. Partnering
may be defined as a long-term commitment between two or more parties in which shared
understanding and trust develop for the benefits of improving construction (the Construction
Industry Institute, 1991). In general collaboration is found to be beneficial in complex
construction projects. In the oil industry partnering is used as a tool for stimulating
performance gains and innovation (Barlow, 2000). Partnering is also found to stimulate
research uptake in the construction industry (Reve et al, 2012). Partnering contracts are
becoming gradually more widely used in the Norwegian construction industry. An example is
the refurbishment and additional new buildings in one of the largest Norwegian hospitals (St.
Olavs hospital in Trondheim). After experiencing major challenges during building no 1 the
client choose partnership contracts and more collaborative working methods for building no 2
(Trondheim Chamber & Lean Construction Norway, 2012).
Research on organisational cooperation in project management is in general scare
(Morris & Pinto, 2004, Winter et al, 2006). This is also the case regarding the construction
industry, where research focus on project management rather on strategic cooperation and
long term development (Aarseth, 2012).
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Bishop et al (2009) has performed an empirical study of collaborative working in the
construction industry. The study examines two competing systems of work organization in
the British construction industry: The traditional productive system is characterized by
institutionalized conflict and incentivized hostility. According to Bishop et al such a system
militates against development and knowledge sharing. A competing collaborative working
system is suggested by Bishop. In such systems contractors share risks, pool knowledge and
work together to solve problems.

1.4 Purpose
Constructing buildings with high energy performance have similarities to solving new
issues or complex projects in the way that there are no pre-existing solutions to how to solve
the problem. We expect that traditional productive systems are not suitable for pilot projects.
Based upon previous studies we expect that collaborative working systems are being used in
construction projects with goal breaking energy ambitions.
In this paper we analyse the planning process of recent Norwegian role model
construction projects. The purpose is to explore the use of collaborative working models and
the relevance for reaching the high ambitions.
The research questions are as follows:
a) Identify different collaborative characteristics in planning phase of the projects.
b) Explore how collaboration is relevant for reaching the high energy performance.
Finally the paper discusses the implications for general improvement of performance in
the construction industry.
2 MATERIAL AND METHODS
Role model projects are defined as such because they have ambitions to reach energy
and environmental performance beyond requirements in public regulations and far beyond
reference buildings. Role model projects demonstrate solutions for buildings of the future
regarding low energy consumption and use of renewable energy sources1. The Norwegian
public enterprise which promotes sustainable energy production and consumption (ENOVA)
give consultancy and financial support to role model projects. While some role model
projects are individual buildings others are urban development projects. Criteria for role
model projects within urban development is that they represent considerable reductions in
greenhouse gas emission from transportation, materials and energy consumption compared to
today’s practise2. Status as role model project also implies special attention from the public
due to promotion in media and news reports among architects, entrepreneurs and the
construction industry in general.
Selecting role model projects for the case study is due to their strategically interest.
Basically the projects are similar to other construction projects. However they are deviant due
to the high energy ambitions. In our analysis role model projects are considered as “critical
cases” (Flyvbjerg, 2004) based on the following argument: If collaborative work models are
found beneficial in construction projects with high energy ambitions, then such models can
be beneficial also in other construction projects.

1
2

www.enova.no.
www.Futurebuilt.no
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2.1 Case studies
This paper includes three examples of Norwegian role model projects. They are all
developed by private property developers. They include mainly offices, and with one
exception only for tendering businesses. The example buildings are small to medium size
building projects. The projects were completed in 2009 and 2010, in a period when Energy
Label system and Passive House Standard were still not fully developed in Norway. All three
projects had goal breaking energy ambitions at their time and proved able to reach them.
Some basic facts on the projects are presented in table 1. The projects are listed according to
date of completion. Energy concepts vary, and will be commented on in the case
presentations.
Table 1: Case projects, facts
Project
The environmental
building
Sparebank1

The Bellona
building

Location and year of
completion
Trondheim,
September 2009
Trondheim, October
2010

Calculated total net
energy consumption3
114 kWh per m2 and
year
100 kWh per m2 and
year

Calculated delivered
energy
94 kWh per m2 and
year4.
85 kWh per m2 and
year.

Oslo, October 2010

83 kWh per m2 and
year.

68 kWh per m2 and
year5.

Area
16 394 m2
22 000 m2

3 200 m2

2.2 Material
Material on the case projects includes written project presentations and reports in
addition to interviews with key actors. Number and roles of informants differ from project to
project, and is summarized in table 2.
Data collection focuses on the planning stage of the projects, since this is where major
conceptual decisions are taken, with important implications for the energy performance.
Data are partly primary data from interviews and partly secondary data from oral and
written project presentations, interviews, magazine articles and reports. Interviews were
performed during 2011, recently after the projects were completed. A structured interview
guide was developed for the purpose, and interviews lasted up to one hour. Interviews were
combined with a guided tour in the buildings. Table 2 contains an overview of the number
and roles of informant of the example projects. Written documentation is referred to in the
paper text.
Table 2: Informants
Project
1. The environmental building
2. Sparebank1
3. The Bellona building

Number of
interviewees
3
3
3

Roles of informants
Client/property developer, entrepreneur
Clients project leader, entrepreneur, technical consultant
Owner/property developer and project leader,
environmental organisation (lessee)

3

Based on EN ISO 13790
KLP prospect and ENOVA.no
5
Aspelin Ramm and FutureBuilt (2012): LCA for the Bellona building.
4
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2.3 Analysis
The case studies are used in an explorative way. Our interest is on how a fragmented
industry is able to use untraditional working models to reach goal breaking results.
Previous research on industrial collaboration emphasizes some general characteristics
which can be summarized as follows:
 Simultaneous work across professional borders in early planning.
 Use of tools for improving communication
 Formal agreements on sharing risks and benefits
Firstly the paper will explore to what degree and in what forms these characteristics
are present in the case projects.
Secondly the paper explores what are the arguments for using collaborative models in
construction projects with high energy ambitions. We analyse what benefits that are
experienced by our informants, and how they consider the relevance for the project results.
Based upon existing studies referred in the introduction, there are basically three strategically
arguments for extensive collaboration: Solve problem/improve results, pool knowledge, and
share costs, risks and benefits.
3 CASE PROJECTS
The first decade of the new millennium witnessed a flow of energy efficient pilot
construction projects in Norway. The three case projects to be presented here are among
these: The Environmental building, Sparebank1 headquarter and Bellona house. They are all
built with high energy ambitions and for the purpose of industrial and service activities. The
presentation will focus on the planning phase of the projects, the energy ambitions and
elements of collaborative working models.
3.1 The Environmental building
The Environmental building is the third in a serial of three commercial buildings
called the Techno city. The former industrial area is developed into an office area by a
professional property developer.
The planning process started in the 1990ies, with a workshop on improving
environmental performance. A number of concepts have been considered and valuable
experience has been gained from the first building to the next.
Techno City host commercial activities related to technology and innovation. Strategy
of the property owner is to apply to environmental conscious tender businesses. For this
purpose “green tenant contracts” are introduced6. The ambition is to build facilities with
outstanding energy efficiency and environmental qualities. The property developer had the
ambition that The Environmental building should become the first role model building in the
city. “Norway’s most energy efficient office building” was the slogan when the building was
completed in 2009.
The building itself do not look spectacular, due to compact construction. However a
red “cherry” or sun at the entrance is a signal of energy. Partly standing out of the wall the
red ball is drawing the attention of people passing by, and at the same time has the function
as an auditorium (see figure 1). The energy performance is reached mainly by passive energy
saving measurements. This includes a building with a compact body with a green garden in
the middle of the building and a high degree of heat generation, including regenerating heat
from cooling of computer rooms.
6

http://www.miljobygget.no/
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The planning phase of the Techno
City differs from traditional construction
projects by involving researchers to present
optional energy solutions and to verify their
performance. Scientists specialising on
indoor
environment,
natural
light,
materials, ventilation and temperature
regulation has added supplementary
knowledge to the traditional planning team.
In planning each of the buildings national Figure 1: The Environmental building, Trondheim
and international scientists contributed to (Photo: Adresseavisen)
calculate and lab test solutions that were
not currently in use in existing Norwegian
office buildings.
In designing the Environmental building the client drew upon experience from the
first two buildings, using the same personnel in the planning team. Also some of the contract
partners have previously been involved in Techno City. In operation stage the property owner
co-operate with future leasing companies and facility management personnel. After
completion performance of the building is monitored, partly by continual and detailed energy
measuring, and partly by user satisfaction questionnaires. These measurements are used in
improving the management systems for lightning, heating and ventilation.
The property owner reports that collaboration with researchers and leasing companies
has been crucial to develop office buildings for energy conscious lessees. During the process
environmental sustainability has become part of the company’s profile.

3.2 Sparebank1 headquarters, Trondheim
The headquarters of the regional bank was considered for renovation or replacement.
To upkeep status as an attractive financial partner for the construction industry and others, the
bank wanted to state an example for others regarding business properties for the future. The
built facilities should reflect the long term perspective of real estate values, and therefore be
of high quality, have a long life time and still be down to earth. The construction project was
part of a process to reorganize the banking activity. This included more collaboration across
the units and to trim the bank to improve the ability to respond to changes. The new facilities
should reflect the strategically values of flexibility, environment, efficiency and technology.
The architectural competition invited for «..a
building for the future, both for the bank, for the
employees and for Trondheim as a city»7. The
winning application suggested a basic principle
including energy efficiency, indoor environment
and urban environment elements (see figure 2).
The project includes two interconnected
buildings in the central city. One is more than a
hundred years old and the other is less than forty.
The considerations regarding energy performance
2: The Sparebank1 headquarters (Photo:
and environmental implications were more Figure
Agriff)
extensive than for traditional refurbishment
projects. Energy analysis and Life cycle
7

http://www.arkitektur.no/?nid=178913&tid=158202
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assessment (LCA) analysis concluded that replacement of the 1970 office building is the
most environmental sustainable alternative (Rønning and Vold, 2008 and 2009).
The buildings are partly used for the bank activities and partly for leasing shops and
offices. The original 1882 bank building is upgraded to a high energy efficiency standard and
restored with historic design, for the purposes of representation, a museum and a restaurant.
The new building consists of six interconnected bodies with high performance insulation, sun
shading, ventilation and heat recovery systems. Energy consumption is reduced to one sixth
of the former situation8, and also indoor climate and area flexibility is improved considerably.
Among the innovative solutions is Under Floor Ventilation (UFV) that was being used for the
first time in Norway. Combined with the thermal buffering qualities of exposed concrete, the
system implies very low energy requirements for ventilation and heating.
The owner insisted on close co-operation between all parties involved in early
planning. Therefore the consultant engineers, architect and the construction entrepreneur
shared project office over a period of six months. According to the partnering contract9 they
worked together to find the optimal solutions, materials and technologies to reach the
ambitions for the project. Researchers were involved to calculate and lab test heat buffering
capacities. Employees were involved during planning and first year of operation to improve
indoor climate and awareness of daily energy consumptions.
After completion the project has been honoured with Trondheim municipality’s
Energy Award. Also a local banking office has been built based upon the concepts developed
for the Sparebank1 headquarters.

3.3. The Bellona building, Oslo
The project is the first in a row transforming a former manufacturing industry area
into an urban township with offices, hotel, restaurants and apartments. Originally the market
strategy was to focus on culture based industries, including education, music, food and arts.
Due to demands from potential leasing businesses the property developer adjusted the
strategy to include environmental aspects. An environmental organization was among the
future lessees, and wanted to focus especially on environmental qualities of the building.
Initiative from this organisation resulted in a close co-operation with the property developer.
The vision was to build the most energy-efficient buildings as possible within the
commercial framework, and with energy label A in mind. During the process, the ambitions
extended to the building's overall environmental impact, focusing on, among other LCA
analysis of materials10. Early in the process there was multi-disciplinary collaboration to meet
the requirements, with a focus on energy design and energy calculations. An external,
independent energy advisor has followed the project from the drawing board to execution.
The environmental organisation has contributed with environmental and engineering
expertise throughout planning, and also in adjustments related to indoor climate after
completing of construction.
Among the experiences are that the high energy performance is the result of
calculations on all aspects of the building performance, and focusing on energy in all
decisions. The passive energy saving measures are the most important, especially
airtightness, high insulation values, efficiency of energy recovery system, thermal effects of
exposed concrete ceiling and a system of sensors controlling heating and lighting in the
building. The building fulfils passive house standards, even if they were not available at the
8

585 kWh per m2 and year
NS 3431 . Replaced by NS 8407 in 2011.
10
http://www.arkitektur.no/?nid=205920&filter=keyfigures&pid1=151851
9
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time of planning. In addition the building produce energy from solar collectors and is
connected to a local energy central drawing energy (heating and cooling) from heating wells
at the Vulkan area.
Completed by the end of 2010, The Bellona building became the country’s most
energy efficient office building. The building kept the record for two years before another
building managed to beat the record. The building is also the first completed within the
regional initiative FutureBuilt11. The building was awarded the City prize 201212 (see figure
3).
The property developer has further developed the
solutions from this building to the other buildings at the
property. All buildings at the property are connected to a
shared energy and heating central, with a network of heat
collectors at the buildings and ground heating pumps at
the property.
The non-governmental organization has since
been active in public discussions and political hearings Figure 3: The Bellona building
on how to improve environmental performance in the (Photo: Aftenposten)
building sector, based upon their experience with the
new building.
4 FINDINGS
4.1 Collaborative characteristics
All three role model projects are found to use more extensive collaboration than for
traditional construction projects. Forms and degree varies among the case projects.
Characteristics of collaborative working in each case project is summarised in Table 3.
As for simultaneous work in multi-professional teams, this has been crucial in all case
projects. Sparebank1 is the most extreme, where all consultants physically shared office
during a six months period during concept development. In the Sparebank1 project
employees have been involved. Facility management personnel were involved both in the
Sparebank1 project and the Environmental building. There have been various forms of
workshops, however without external facilitators and experimental workshop methods as
suggested in studies referred to in the introduction of this paper.
All projects are using tools for communication and documentation. Lab tests and
visits at reference projects abroad were done during planning of the Sparebank1 headquarters.
Similarly this was done before building stage 1 and 2 of the Techno City, prior to The
Environmental building. Energy and greenhouse gas emission analysis were performed for
Sparebank1 and the Bellona building. The Bellona building project was the only one
developing a tool for environmental documentation for sub-contractors. All three projects are
monitoring actual energy performance during operation and adjust operation and practice to
improve the results.

11

Introduced to FutureBuilt in autumn 2009, the project became committed to follow FutureBuilts quality of
requirements to reduce greenhouse gas emissions from energy, transport and materials.
12
http://www.aspelinramm.no/artikkel.aspx?id=39
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Table 3: Collaborative characteristics in case projects
Project

Simultaneous work across
professional boarders

Tools for improving
communication

Formal agreements on
sharing risks and
benefits

The
Environmental
building





Learning from previous
building stages
Monitoring and
adjusting operation of
the building



Green tendering
contracts

Visiting international
reference projects
Lab testing of technical
solutions
Simulation models
Continual metering,
evaluation and following
up actual energy
consumption
External energy and
LCA calculations.
Using the new public
Greenhouse gas
emission calculator13 for
LCA analyses
Developing document
package for
environmental
documentation
Monitoring and
adjusting operational
systems



Partnering contract
with contractor,
architect and
consultants during
concept phase.
Engaged external
controller, one on
construction and one
on technical solutions



Sparebank1







Experienced project manager
and technical professionals
employed at property
developer
Workshops with scientists and
international experts.
Involving experienced facility
management personnel
Six months of simultaneous
work in multi-professional
team during concept phase
Involving employees
Involving facility
management
Involving scientists and
external expertise









The Bellona
building





Establishing a multiprofessional team at an early
stage
Kick-off meeting with subcontractors and suppliers














Green tendering
contracts with leasing
enterprises
Partnering contract
with contractor
Engaged external
controller on
environment and
energy issues.

All case projects have formalized the collaboration. Partnering contract during
concept development is used for Sparebank1 and the Bellona Building. Green tendering
contracts are used for leasing partners in The Environmental Building and in the Bellona
Building. Such contracts are long term based and formalize shared responsibility between
property owner and lessee respectively for building performance and user performance,
implying a generally higher level of rent combined with lower energy costs.
External expertise is engaged in all the case projects, partly to give input during
planning stage, and partly as independent evaluators during the process.

13

www.klimagassregnskap.no
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4.2 Relevance of collaboration for energy performance
Informants involved in all three case projects have experienced benefits from the
extensive collaboration. Arguments from the role model projects are reflecting the rationales
for collaboration that is found in previous studies (Bishop et al, 2009): sharing risks, pool
knowledge and solve problems.
Share and reduce risks are the purpose of partnering contracts with contractors, green
tendering contracts and external consultants evaluating the process. Such tools formalize the
collaboration and include incentives to reach the results agreed upon. In addition the
tendering contract implies sharing long term benefits from the high quality facilities.
Pooling knowledge is done by establishing the multi-professional teams at an early
stage. These teams define the preconditions and framework for the project. The case studies
include a broader and more extensive teamwork than traditionally, including external
expertise on energy and environment and even key role leasing enterprises. Kick-off meeting
with sub-contractors and suppliers are examples of extraordinary means to pool and share
knowledge and understanding for the high energy ambitions in the case projects.
To solve the task or even improve results we find that extraordinary measurements are
used in the case projects. External energy and greenhouse gas emission analysis are among
these. Recently developed tools for LCA calculations were used for this purpose. Developing
a system for contractors to collect environmental documentation from sub-contractors and
suppliers are among the means to improve problem solving in the case projects. Also Lab
tests and visits to reference projects abroad are among the means being used in the case
projects.
All in all informants in the case projects report that extra time and extra costs are used
during the planning phase compared to traditional construction projects. Extra resources and
means are used to present and consider alternative solutions. However our informants also
report that the thorough problem solving process has resulted in a shared understanding of the
task which is not necessarily the case in traditional planning processes. This in effect has
saved time during design and construction work and resulted in high quality work and good
performance of the building.
5 DISCUSSIONS
Our material reveals that grade and form of collaboration differs according to the
conditions. However extensive collaboration during planning seems to be a preferred strategy
in projects where the energy ambitions are far beyond previous experience of property
developer. This finding is supported by previous studies on organizational co-operation in
innovative or complex projects (Larssen, 2011).
All case projects have been through a phase of scepticism related to the high energy
ambitions. During early planning there were major concerns regarding extra costs and lack of
experience compared to potential benefits. The ability to convince the rest of the team at this
critical phase has been of vital importance for the further process. Willingness to spend extra
resources during concept stage is a common characteristic among the three role model
projects. This finding implies that there may be other property developers in other projects
during the same period that may have had to give up on their energy ambitions at this critical
stage.
An unexpected observation during our case studies is that the high energy ambitions
were not part of the original plan for the projects, but came as a result of a process. As for
Sparebank1 it was suggested as part of the winning architectural concept. As for the Bellona
Building the future tenderer was insisting. The Techno City included environmental aspects
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and modern technology from the beginning, but energy ambitions became specific due to the
tendering contract with the national agency for sustainable energy (ENOVA). Our findings
are in accordance with previous studies where collaborating teams, for the purpose of
creating complex products and improve efficiency, have re-conceptualised the objective
itself. This is found within the construction industry (Bishop et al, 2009) as well as other
sectors (Engeström et al., 1999).
All three case projects are part of step by step learning processes. Bellona and
Sparebank1 were pilot projects for the property developers, while The Environmental
building draws experience from previous buildings of the Techno City. Our material indicate
that the thorough process of the initial projects establish professional teams which can
perform further projects without extensive collaborative work methods. This is due to the
relation building effect of collaborative development projects (Aarseth, 2012) and the
learning effect from when a partnership can build on experiences from one project to another
(Engeström, 2004). Our findings are in accordance to the strategic value of collaboration that
has previously been emphasized for the construction industry (Egan, 1998, Norwegian
Government, 2004).
6 CONCLUSIONS
The main conclusion from our findings is that collaborative working processes carried
out in an adequate manner significantly contribute to reach outstanding energy ambitions.
This implies that collaborative working also may contribute to improve performance in the
construction industry in general. Relation building and learning effects contribute to strategic
value of collaboration.
An additional conclusion is that collaborative working is not sufficient to improve
performance. Our findings imply that there has to be skilful and enthusiastic stakeholders
involved that are able to convince the client about market potential and long term economy to
go for the high energy ambitions. In our cases the status as role model projects by ENOVA
and FutureBuilt has been encouraging, and so has the energy awards.
However our research is limited to a set of Norwegian case projects. Further studies
should be performed before our conclusions can be transferred to the industry in general.
There is a need for further studies on how experiences from role model projects affect
the construction industry in general. One issue is whether solutions for high energy
performance are implemented into daily practise for future building projects. Another is if
experiences from collaborative working is transforming practise in the industry.
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Abstract. The role of “soft” management skills has received increased attention over the last two
decades inconstruction projects. Trust in project relationships has been one element; derived from the
management literature, project literature on governance and relational contracting, andrelationship
management theory. Emotional intelligence has received less albeit increased attention in
construction. This research presents an original contribution to knowledge by bringing emotional
intelligence and trust together to examine the extent to which they are related and whether the
interplay is mutually reinforcing. The research context is provided by delivering value for money on
construction projects in the UK rail industry and the focus upon collaborative working in the industry
advocated inthe McNulty Report, 2011. A case study examines the management of a multi-billion
pound railway upgrade project involving the client and the main contractors responsible for delivery.
The findings are based upon soliciting individual’s perceptions of the project relationships both in
their respective organizations and the other organizational actors. The findings demonstrate a
positive interplay between trust and emotional intelligence. The causal linkage shows degrees of
mutual reinforcement, yet is affected by contextual and contingent factors. In the case examined trust
was found to be much lower in the clientorganization and in their perception of their relationships
with the main contractors. Emotional Intelligence was found to enhance a range of elements of trust,
yet, the client overall exhibited high levels of emotional intelligence but lower levels of trust.
KEYWORDS: Emotional
Management, Trust
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Project
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Relationship

INTRODUCTION
The role of “soft” management skills has received increased research attention over the last two
decades for project management and projects at enterprise and institutional levels (Morris, 2013).
Trust, soundly based upon realistic assessments of actors and organizations, has been recognized as an
important factor in the effective functioning of institutions (e.g. Kramer, 2009 in management; Smyth,
2008 for project environments). A trustworthiness model has been addressed in management (e.g.
Mayer et al, 1995) and for projects (e.g. Kadefors, 2004). Trust has been examined in construction
(e.g. Smyth and Edkins, 2007; Eriksson and Pesämma, 2007). Emotional intelligence (EI) has
similarly received increased attention in management (e.g. Goleman, 1998) and for projects (e.g.
Druskat and Druskat, 2006; Hobbs and Smyth, 2012). Despite conceptual associations, for example in
the Goleman-Boyatzis model (e.g. Boyatzis et al, 2000; Druskat and Druskat, 2006), EI and trust have
yet to be rigorously examined empirically together. The paper addresses this research gap.
EI and trust are articulated through relationships, their interplay affecting life experience, including
operational efficiency and effectiveness. Strohmeier (1992) found that 88% of project managers spend
more than half their time cooperating with other people, that is 19% higher than traditional managers.
The mere existence of relationships with high interaction levels is not necessarily significant; yet
value is added through relationship and many of the other management tools and techniques are only
as useful as the hands they are in (Pryke and Smyth, 2006); thus, harnessing collaborative
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relationships has the ability to add value, particularly in terms of managing projects. Collaborative
relationships have been shown to improve performance yet a lack of understanding of the importance
and dynamics of relational components of these relationships pervades as organizations rarely focus
on what contributes to the collaboration of people and teams, (Hattori and Lapidu, 2004). EI and trust
are components and are claimed to improve performance (e.g. Druskat and Druskat, 2006; Eriksson
and Pesämma, 2007). The interplay of EI and trust is explored for their direct contribution to
relationship management and collaboration.
The literature on collaborative relationships and performance, EI and trust are reviewed. Following
a methodology and methods section, the empirical research focuses upon large-scale complex rail
infrastructure client-contractor relationships. A summary of the findings and recommendations both
for research and practice conclude the paper.

2 LITERATURE REVIEW
Over the last two decades there has been a growing literature upon relationships in the form of
relational contracting and relationship management. Partnering has formed an important component.
It has ebbed in favour of cost drivers (Porter, 1985) in many commercial markets, yet for the growing
infrastructure market collaborative practices are still strongly advocated (e.g. McNulty, 2011).
2.1 Relationships, collaboration and performance
Anvuur and Kumaswamy (2008) define collaborative relationships in line with Hamel et al (1989),
involving short-term alliances between clients, designers, suppliers and facilities managers to deliver
integrated services across organizational boundaries. Defining project performance is problematic as
it is dependent upon the perspectives of decision-makers (Morris and Hough, 1987). Time-costquality/scope as project operational performance provides a traditional view. Functional value
delivered, and/or benefits in use for client or end-user operations are other options. A traditional focus
is adopted and supplemented by collaborative service content.
2.2 Emotional intelligence
The roots of EI are found in social intelligence. EI was first defined as: the ability to monitor one's
own and others' feelings and emotions, to discriminate among them, and to use this information to
guide one's thinking and actions (Salovey and Mayer, 1990: 189). Teamwork and collaboration are an
EI competency, defined as working with others towards a shared goal and creating group synergy in
pursuing collective goals (Boyatzis et al, 2000; Goleman et al, 2002; Druskat and Druskat, 2006).
There are two categories of thought concerning EI. The first is suggests EI is simply anything that is
not cognition, yet some argue this leaves EI “bereft of conceptual meaning” (Zeidner et al, 2004:
373). The second is analytical, treating EI as an information processing function. This category can be
subdivided. One position is that EI is acquired and learnt through life experiences, such as the mental
ability model (Salovey and Mayer, 1990), which places emphasis upon cognitive skills for managing
emotions: i) perceiving emotions, ii) using emotions to facilitate thought, iii) understanding emotions,
and iv) managing emotions in a way that enhances personal growth and social relations (Mayer et al,
1995). A second model in this position comes from Bar-On (1997), which focuses upon combined
emotional and cognitive intelligence for individuals. The Goleman-Boyatzis model (Boyatzis et al,
2000) is a mixed model, placing a greater emphasis upon personality: i) self-awareness, ii) selfmanagement, iii) social awareness, and iv) social skills/relationship management, which evolved into
a personal and social competency model. The summary strengths and weaknesses of each model in
this position are summarized in Table 1.The other position is that EI is a fixed trait (e.g. Petrides and
Furnham, 2001). Sfeir’s (2012) trait analysis of project consultants found that non-trait factors were of
operational significance. The EI trait model is also restricted to individual assessments. Thus, for
operational and team working, ability and competency are more appropriate than trait conceptions.
The Goleman-Boyatzis model is adopted for this study for several reasons. Group EI has been
developed (Elfinbein, 2006) and applied in project teams (Druskat and Druskat, 2006). Although the
link between EI and performance is contested (e.g. Davies et al, 1998; Matthews et al, 2002; Zeidner
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et al, 2004; Landy, 2005), this model is the most performance orientated, encompassing abilities
beyond the specific processing of emotions (Morrison, 2007).
Table 1 : Strengths and Weaknesses of EI Models

EI Model

Strength

Weaknesses

Salovey-Mayer
Model

Empirically proven (unlike other
models) not to represent
conventional personality traits.
Seen as more representative of a
cognitive intelligence than other
models.
Its measurement is objective.

Bar-On Model

EI develops with age and can be
developed via training and
therapy. Emotional and cognitive
intelligence contribute equally to
a person’s general intelligence,
thus indicating an individual’s
chances of succeeding in life.
Assertion that EI competencies
can enhance human performance
(especially in at work context).
Plentiful studies verifying the
predictive validity of EI and work
performance.
Advocated as more important than
IQ in determining life success. EI
competencies can be learnt at any
age.
Proficiency in all 18 competencies
is not needed.

Criticized for as not constituting being a
cognitive intelligence but a ‘learned skill’.
Poor predictive validity of workforce
performance.
Ambiguity over what constitutes a correct
(emotionally intelligent) response during
objective measures.
Confirmed lack of cultural variation
sensitivity.
Empirically confirmed measurement gender
bias.
Weak correlation with the other two EI
models.
Criticism that model has little to do with
emotion or intelligence.
Measures overlap with existing personality
traits.
Limitations of self-report measurement.

GolemanBoyatzis Model

Criticised for being existing personality
characteristics.
Criticised for not constituting a cognitive
intelligence.
Criticism model does not constitute EI
concept.
Limitations of self-report measurement.
Criticism that performance enhancing
benefits are anecdotal and lack empirical
research.

Source: adapted from Hobbs and Smyth, 2012

2.3 Trust
Dirks (1999: 445) claims trust is a hallmark of an effective relationship. Trust is considered an
important component of effective and valuable relationships in project environments (Kadefors, 2004;
Lau and Rowlinson, 2009). Trust has been shown to enhance performance (e.g. Smyth et al, 2010).
Mayer et al (1995: 712) define trust as the willingness of a party to be vulnerable to the actions of
another party based on the expectation that the other will perform a particular action important to the
trustor, irrespective of the ability to monitor or control that other party. Mayer et al are frequently
cited, although the model tests trustworthiness rather than trust according to their definition.
Definitions and conceptions are contested, Smyth, (2006: 99) stating, definitions of trust accord with
the bundle of relationship experiences encountered, recognizing that every relationship is different in
character. Thus, a broader scoping definition has been proposed: Trust is a current conviction that
another party is willing to take individual and organisational interests into account within the context
and under possible events. Trust is intuitively, sometimes part-cognitively, assessed concerning the
other party from recent past performance and longer term reputation through the lens of personal
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history hence experiential disposition to trust, coupled with organisational capability (cultural,
systemic and procedural path dependency) to accommodate trusting relations. The presence of a
trusted party (i) reduces perceived (interpreted or ‘subjective’) risk, (ii) renders the relationship,
organisational and project context more conducive to further (real or ‘objective’) risk reduction, and
(iii) creates organisational and project opportunities to improve the service and content quality
(Smyth et al, 2010: 12-13), where “conviction” refers to a sense of who the other party is, or parties
are, as human beings (rather than human doings, that is, the essence of others and not their
performance) plus the sense of what the organisation is about (especially the perception of their
reputation). This provides an initial assessment, which is typically intuitive with some cognition. This
is informed and moderated by the extent of the predisposition to trust which is typically assessed by
habit and intuition about context. These two elements of assessment lead to the current conviction.
Continuous contact provides behavioural evidence of both the individual parties and the
organisation. It leads to iterative re-assessment that remains largely intuitive but has increasing
cognitively assessed evidence (Smyth, 2010: 25). Therefore trust is not performance-based per se, but
helps improve performance.
Therefore an established framework of trust (rather than trustworthiness) has been applied in
project environments, comprising seven elements: characteristics of trust (Lyons and Mehta, 1997),
components for trust (Smyth and Edkins, 2007), social obligations of trust (Sako, 1992; Smyth,
2008), conditions of trust (Butler, 1991; Smyth and Thompson, 2005), levels of trust (Smyth and
Pilcher, 2008), operational basis for trust (Smyth and Pilcher, 2008) and trust in the marketplace
expressed as power and dependency relations (Campbell, 1995; Smyth, 2005; 2008).

3 METHODOLOGY AND METHODS
The methodology is quantitative, which is suited to abductively scoping linkage between trust and
EI in collaborative relationships, yet needs to be considered as part of a programme of research. The
methodology presumes further detailed work on the generative mechanisms between essential and
contingent causal processes (Sayer, 1992; Danermark et al, 2002), involving qualitative outputs to
account for ontological and contextual factors. Additionally, data from a single case study is not
necessarily representative of general domain due to the population, response rates, context as well as
the need for further scoping work. Quantitative, especially statistical findings generated using
positivist methodologies tend to be used to claim more than is justifiable (Smyth and Morris, 2007),
thus a programme requires additional qualitative research around “how” and “why” questions.
Thus a scoping examination of the interplay between EI and trust is conducted. EI and Trust on
large-scale complex UK rail infrastructure projects and associated client-contractor relationships
within a programme of work provides the empirical focus. The client project coalition comprised 600
people delivering an upgrade rail programme valued at £3.4 billion (excluding the new signaling) to
improve train frequency, journey times and ambience with a new automatic train control system and a
rolling stock fleet. The actors taking part in the study were client personnel with regular inter-personal
contact with contractor personnel in regular interpersonal contact with client actors.
An online survey was conducted to assess the levels of trust between parties and the individual
levels of EI. The first part asked individuals to comment on their relationships with others in their
organization and delivery partner. Five of the seven trust framework elements were asked about,
namely, characteristics, components, social obligations, conditions of trust and trust in the
marketplace. The second part required the participants to respond via a Likert scale as to whether they
agreed with different statements related to Goleman-Boyatzis competencies. 41 participants
completed the survey (c. 7% response rate), although not all 600 people were currently engaged with
the programme and so the effective response rate was probably higher. Respondents from the client
side numbered 30 and 11 came from contractors, constraining the viability of the contractor data. The
applied trust framework is analysed from three angles: the client-contractor interface for trust, EI
levels amongst contractor and client respondents, and comparing EI group levels in relation to trust.
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4 FINDINGS AND ANALYSIS
Concerning trust at the client-contractor interface, respondents were asked to score their
relationships with their external organizational counterparts, consisting of project managers, quantity
surveyors/cost managers and commercial managers. The result for trust is shown in Table 2.
Table 2 :Trust Ratings for the Five Framework Elements

Contractor
Ratings of
Client
Percentage of
contractor
respondents
(Score)
27%

Client
Ratings of
Contractor
Percentage of
client
respondents
(Score)
73%

Contractor
Estimate of
Client
Assessment

Client
Estimate of
Contractor
Assessment

64%

59%

Faith
Hope
Confidence
Dignity
Respect

88%
91%
91%
80%
80%

70%
70%
63%
75%
72%

88%
82%
88%
89%
91%

62%
64%
61%
79%
79%

Integrity
Receptivity
Loyalty
Discretion
Openness
Consistency
Promisefulfilment
Fairness
Competence
Availability
Arms Length
Obligatory

94%
82%
94%
85%
82%
91%
73%

83%
72%
80%
76%
71%
75%
69%

94%
85%
82%
85%
85%
85%
88%

69%
60%
61%
70%
60%
62%
61%

85%
91%
88%
46%
54%

76%
81%
74%
40%
60%

91%
91%
88%
-

67%
67%
71%
-

Trust
Framework
Element

Element
Item

Characteristics
of Trust
Components of
Trust

Total

Social
Obligations of
Trust
Conditions of
Trust

Trust in the
Market

Overall the percentage scores presented in Table 2 are high, although there are some low points, in
particular the low score for the perceived ratings given by the contractor towards their ability to trust
the client (27%), whereas the client expected a higher rating (59%) indicating a misplaced perception
of their own actions and behavior towards the contractor. Trust in the market is scored moderately
low by all parties (a range of 40-60%). This might infer the exercise of market power can be
corrosive, especially where decision-makers do not organizationally behave to reflect the greater
responsibility that comes with power. It may also reflect the temptation to act with opportunism,
sometimes with guile at a detailed level. The characteristics of trust are noted above as low
concerning the contractor ratings of the client. This is reinforced when the characteristics are broken
down into (i) self-interested and socially orientated trust, and (ii) include negative factors of high or
excessive levels of accountability that indicate a lack of trust and considerable opportunism (see Table
3). The contractor marginally under-estimated their performance regarding trust compared to the
views held by the client. This may reflect are certain sense of lacking power and undervaluing
organizational behavioral capabilities by the contractor. It also shows that the client is often a prime
mover in constraining trust development and eroding trust over project lifecycles (see also Smyth and
Edkins, 2007; Ayres and Smyth, 2010; Schofield and Smyth, 2012).
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Table 3 : A Breakdown of the Characteristics of Trust

Characteristics of Trust (Likert scale: +22)

Contractor Net
Scores

Client Net Scores

Socially orientated trust (going the extra
mile) (+2)

20

16

Self-interested trust (classic win-win)
(+1)

12

26

Indifference (neutral) (0)

0

0

Accountability orientation (we don’t trust
you) (-1)

-9

-21

Opportunism (at the expense of others) (2)

-2

-46

Total Scores

21

4

The contractor shows a high level of trust towards the client, a social orientation, which may be a
function of willingness to serve the client by “going the extra mile”, but may also be a function of
dependence in the market. This latter position appears to be the case due to the high client propensity
for opportunistic behaviour (Table 3). These detailed findings explain the low percentage scores
found in Table 2. Client organizational behaviour is misaligned with the recommendations to industry
(McNulty, 2011). Organizational behavior, aggregated through habits and norms, takes time to
change; yet, there is a considerable ground to be made up on the assumption that the client’s intention
is to do so and the recommendations are appropriate.
The findings for EI are first set out in Table 4, which shows a range of scores. The highest net
score is 69 (Question 1) where there is widespread agreement that feeling content improves levels of
individual performance at work. The lowest is -5 for Question 4. It shows people exhibit stress and
anger in the workplace. Following the Goleman-Boyatzis model, this demonstrates a lack of selfmanagement, constraining effective relationship management. The next lowest net score is 24
(Question 13), indicating the project environment may be predominantly task-focused, and possibly
inward looking. There was, however, indication of a strong customer focus (Question 12), teamwork
supported by EI (Questions 2 and 14), agreement that people want to do the best they can (Question
8) and contentment with work increases performance (Question 1). The findings for EI are first set out
in Table 4. A range of scores is presented.
The EI scores provide a baseline to compare against trust and for exploring the interplay. Two
types of analysis were conducted. First is the analysis of EI against the trust elements (Table 5).
Overall, EI complements trust and thus together help to establish and build relationships at the clientcontractor interface. The client is stronger at establishing a trusting relationship, but weaker
maintaining and developing the relationship in terms of harnessing the use of EI. This is particularly
evident in the scores for the components and conditions of trust.
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Table 4 : The Schedule of Emotional Intelligence Scores

AgreementS
cores

0

3

69

69

94

2. When I know I am not working to my strengths
I ask others who are strong in the area to give me
assistance

0

5

52

52

89

3. I am content with who I am

-3

3

55

52

87

4. When I am stressed or even angry it does not
show in meetings and with how I behave at work

-21

15

16

-5

28

5. I often tell people how I feel and my opinions

-7

11

36

29

64

6. I like to see the good in things and have an
optimistic approach to life

-2

7

51

49

83

7. I find it easy to adapt when things change like
goals or priorities

-3

6

50

47

83

8. I want to be the best I can be and always look
to improve

0

3

66

66

94

9. I do not need strict guidance in order to get on
with tasks

-1

4

60

59

89

10. When I see someone discontent, unhappy or
upset I like to find out why and see if I can help

-1

8

55

54

81

11. I like to know the full story and background
to problems and issues at work

-2

5

46

44

85

12. I look out for the customer in the solutions I
implement not just the easiest outcome

-2

3

56

54

91

13. I often suggest areas that others could develop
in
14. I am enthusiastic about what I ask others to
do for me
15. I can often persuade others to come round to
my way of thinking
16. I am more than happy with change and
actively pursue changing things when there are
better ways of doing something
17. I am able to not get into arguments and when
I do we both go away in agreement
18. I enjoy working with others in a team rather
than on my own

-7

13

31

24

57

0

4

52

52

91

-1

6

45

44

85

-5

5

49

44

81

-4

16

32

28

57

0

10

52

52

78

320

Agreement
Percentages

Neutrality
Incidences

1. When I feel content, it has a positive effect on
my performance at work

Net Score

Disagreeme
ntScores

EI Question

Nicholas Boot‐Handford and Hedley Smyth

Table 5 : The Relationship of Emotional Intelligence in Relation to the Trust

ContractorClient Relationship

ClientContractor Relationship

Contractor
Ratings of Client

Relationship to
Average EI
Score

Client Ratings of
Contractor

Relationship to
Average EI
Score

Characteristics
of Trust

27

0.56

33

0.68

Components of
Trust

90

1.86

68

1.40

Social
Obligations of
Trust

80

1.65

74

1.52

Conditions of
Trust

87

1.78

77

1.58

Trust in the
Market

50

1.03

50

1.03

Average

However, effective relationship management depends upon mobilizing trust and EI against the
categories in the Goleman-Boyatzis model. The average trust score is related to the average scores for
the 18 EI questions, the results being allocated according to the four categories in the model. The
resultant scores are (i) self-awareness, 0.93; (ii) self-management, 0.68; (iii) social awareness, 0.73;
(iv) social skills/relationship management, 0.74. The highest score is for self-awareness, although
awareness can be used for good or bad, that is, to build a social orientation or pursue opportunism
with guile at either extreme. Trust therefore appears to be helping to establish relationships with EI
self-awareness, but the lower scores of social awareness and management suggest that EI is not being
mobilised in project team collaboration and performance to full effect. Interestingly, the lowest score
is for self-management. This may be the issue blocking the translation. Other research has confirmed
a degree of maverick behaviour whereby many project managers tend to follow practices that accord
with personal comfort zones rather than serving employer and client interests (Wells and Smyth,
2011). Whether this is the reason, there is a lack of effective group EI, which management could
address.
This research has brought trust and EI together, the practical implication being that trust provides a
means for EI development and the application of EI serves facilitate trust development in a mutually
reinforcing way that evolves iteratively over project lifecycles for effective project execution.

5 CONCLUSIONS AND RECOMMENDATIONS
The research brought trust and EI together as an original contribution to research. The interplay found
that the trust scores were quite high compared to other findings, although low for effective
collaboration. In general there was evidence of a positive interplay between trust and EI. Yet, the
ability to develop trust towards an enhanced social orientation to facilitate collaboration was partial
and weakest on the client side, thus not meeting the objectives of the industry in which the case study
is situated. EI scores were reasonable. Examining the interplay between trust and EI show some
interesting findings:






The client is stronger at establishing a trusting relationship, but weaker maintaining and
developing the relationship in terms of harnessing the use of EI – temporal contracts mean
contractors have to quickly make an impact whilst the client arguably can more easily take a
longer term view about building relationships;
The contractor has a greater social orientation than the client;
Self-awareness is not being used to improve self-management;
Self-awareness is not being translated into social awareness and social management.
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Therefore, too often the focus is upon on the mechanics of delivery without a sufficient thought for
and management of the people delivering projects.
The main limitation of the research is the single in-depth case study taken as a snapshot, and
therefore this restricts the ability to generalise. The research may have more general application and
thus managers and project managers may need to be cognizant of the following:
1. The need to manage projects team using relationship management principles and routines to
build trust and build upon self awareness amongst team members;
2. More rigorously control the application of project management systems, tools and techniques
according to corporate policies and project management strategies;
3. Enhance capability development of soft management skills for effective project management.
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Abstract. In Public Private Partnerships (PPP), private entities manage stakeholders otherwise
handled by the public. The social responsibility of the privately owned Special Purpose Vehicle (SPV)
therefore significantly increases, and external relationships become crucial for a successful project.
These relationships are often multidimensional. This paper addresses characteristics of relationships
between the SPV and external stakeholders and how these are managed. A case study is presented of
a major infrastructure PPP in Poland where qualitative interviews were conducted with the
Management Board of the SPV. Results show that the PPP concept promotes involvement of external
stakeholders, effective communication channels are critical for success, and managers’ act according
to their intuition rather than management techniques.
KEYWORDS: Construction, Stakeholder Management, Stakeholder Analysis, Public Private
Partnership, Relationship Management
1 INTRODUCTION, PPP AND STAKEHOLDER MANAGEMENT
The Public Private Partnership (PPP) concept is increasingly being used within the
construction sector (Akintoye et al., 2008). During the last decades, PPP projects have
evolved from diverse causes, such as the need to reconcile between an increasing political
pressure on public funding and innovative solutions in line with a continuous development of
public facilities (Bing et al., 2005). As a new business model, PPP projects emerged in order
to create different investment initiatives with new contractual settings and liabilities in the
construction sector.
Many projects, such as large international PPP infrastructure projects are multidimensional
in terms of cultures, organizations, and social environments (Aaltonen et al., 2008; Bourne,
2009; Jimenez & Pasquero, 2004; Yescombe, 2007). In these situations, stakeholder
management becomes even more pertinent because they are carried out in demanding and
unpredictable institutional environments involving a number of diverse actors who are
impacted and attempt to impact a project (Aaltonen et al., 2008).
In PPP projects, a private organization, namely a Special Purpose Vehicle (SPV), has to
handle external stakeholders, who are otherwise managed by a public client. Among others,
those can be the actual users and their representative unions, landowners and neighbors, local
communities, affected businesses, statutory bodies, media, the natural environment and its
advocates such as environmentalists, as well as the general public opinion.
The definition of a stakeholder comprises those who have power, legitimacy, and urgency
(Mitchell et al., 1997). But it also comprises those who are only urgent in their interest and
thus may not have direct economical impact on a project outcome (Elmualim, 2010).
In order to grasp the management of stakeholders, it is important to understand who and
what really counts as stakeholders. Freeman (2010) describes stakeholders as “any group or
individual who can affect or is affected by the achievements of the organization’s objectives”
A broad definition by Walker and Rowlinson (2007) states: “Stakeholders are individuals or
groups who have an interest or some aspect of rights or ownership in the project, and can
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contribute to, or be impacted by, either the work or the outcomes of the project”. There have
been attempts to narrow the definitions, one approach sorts them into voluntary and
involuntary risk bearers in the project (Clarkson, 1995), but most common is to differentiate
between internal and external stakeholders (Harris, 2010; Leung, 2010; Winch, 2010).
An important feature in stakeholder management is managing stakeholders’ expectations
(Bourne & Walker, 2005; Newcombe, 2003). The entire stakeholder management process is
much based on project managers’ combination of consciousness and intuitiveness in order to
understand stakeholders’ expectations and thereby increase their positive input and maximize
the project value (Bourne, 2006; Bourne & Walker, 2005).
From a commercial and managerial perspective, stakeholder management can facilitate
successful project execution (Bourne & Walker, 2005; Donaldson, 1995; Jepsen & Eskerod,
2009; Manowong & Ogunlana, 2010; Mitchell et al., 1997) in terms of time, costs, and
quality. Active stakeholder management has been found to prevent time delays and increased
costs that may occur (Harris, 2010).
Even though the PPP concept results in an increased incentive for a deliberate
management of stakeholders, a research gap is noteworthy. Literature regarding stakeholder
management has increased in popularity in project management journals (Littau et al., 2010).
However, there is a lack of articles discussing people engagement skills (Hillman, 2001),
which are required for a successful stakeholder management (Bourne, 2009).
The study presented in this paper address the following questions: How can heterogeneous
externals be managed in PPP projects? What are the managers’ underpinning attitudes and
values, which affect their way to deal with external stakeholders, such as the public client,
related political decision makers, public associations, users, as well as private corporative
stakeholders? In essence, we seek to identify how stakeholder management is applied and
developed in a Public Private Partnership project.
A case study of a major Polish PPP motorway project is the basis for discussion on how
external stakeholders are affected by the SPVs project managers’ actions and their internal
management behavior. Whether a stakeholder is considered as internal or external is
dependent on its proximity to, and activity in, the project. For example: In PPP projects, a
clients’ influence decreases after the procurement phase and the power of the SPV expands;
therefore they are considered as externals in here.
2 METHODOLOGY
The material that form the basis for the analysis and discussion in this paper come from
interviews with the management board of the SPV of a major PPP motorway in Poland. By
the time the interviews were conducted, the project had recently entered its operation phase
and approximately 15 people were employed by the SPV. Figure 1 displays the
organizational structure as well as our interpreted delimitation of stakeholders. During the
most intense phase, several thousand people were involved in the execution including all
parties in the project, such as contractor, subcontractors, and suppliers.
The research methodology employed in this study was chosen to explain circumstances
regarding a system including stakeholder management, the PPP concept, leadership, ethics,
external relationships, and internal decision-making affecting the behavior toward external
stakeholders. The study aims to be systematic, independent and critical. Nonetheless, since
interview partners are only working for the private party, it is acknowledged that this study
might reflect a biased perception in certain aspects. The interviews were semi structured to let
the interviewees express their thoughts and elaborate on topics that they considered as
relevant. This way we were able to interpret underpinning reasons for their behavior.
The results are influenced by three days spent in the SPV’s office including informal chats
between the interviews. Further, interpretations of colloquial narrations and answers have
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been made. Afterwards, brief personality profiles were developed in order to interpret the
managers’ responses more objectively. This paper also has a limited external validity and
generalizability (Bryman, 2004) in terms of a single case study and cannot be representative
for stakeholder management within all PPP projects.
3 RELATIONSHIPS, STAKEHOLDER MANAGEMENT & PROJECT POLITICS
Most projects consist of individuals and groups with different interests and motivational
incentives (Jepsen & Eskerod, 2009). Bourne (2009) holds the view that dependent on the
stake a stakeholder possesses in a project, they often have diverse perceptions of success and
failure. It is fundamental to understand that stakeholder management and relationship
management are closely intertwined (Smyth, 2008) and as reported by Aaltonen et al. (2008),
relationship management is one of the most essential ingredients for a successful project.
When relationships are handled poorly, conflicts occur due to reasons such as poor
interpersonal skills, inefficient communication, lack of responsiveness and unethical or
opportunistic behavior (Groton, 1997). Moura and Teixeira (2010) note that stakeholder
management is a way to cope with and prevent conflicts by proactively managing
relationships. Clarkson (1995) states that corporations’ response to external social pressure
ranges from reactive (denying responsibility) to proactive (anticipate responsibility).
Successful stakeholder management requires that everybody’s voices have to be heard. If
someone’s voice is ignored, its environment becomes less safe and this ultimately serves as a
stimulus for the stakeholder to become unpredictable in order to be taken serious (Smyth,
2008). Therefore project managers have to observe the stakeholder environment actively and
constantly by being socially sensible (Bourne & Walker, 2005).
Figure 1. PPP organization according to this articles’ interpretation of internal and external stakeholders.

Bing et al. (2005) show some typical samples of micro risks related to relations and PPP
projects, such as inadequate experience in PPP/PFI, differences in working method and
know-how between partners, inadequate distribution of authority in partnerships etc. Bourne
and Walker (2005) state that there have been many examples of project failure due to
misunderstandings and a lack of control over the political process, even though it is regarded
as a critical success factor.
Project managers need to understand both formal and informal structures related to the
project Bourne (2006). Formal structures are related to hierarchies and other explicit
relationships, whereas informal structures are associated to friendships, alliances, and other
tacit ties. In essence, whether individuals and groups are convinced to follow the project in a
desired direction, is highly dependent on the project managers’ political skills. In this respect,
personal and social networks are particularly important (Smyth & Edkins, 2007).
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Strategic and tactical considerations of a proactive management of relationships should be
prioritized in order to nurture collaboration between parties. This eventually triggers a shift in
philosophy from relational contracting to relationship management including trusting and
relying on interpersonal bonds instead of contracts and legal justice (Smyth & Edkins, 2007).
3.1 Internal management - underpinnings for stakeholder directed actions
Strategic decisions on social issues, i.e. that have an affect on individuals and
relationships, are integrated into an organization’s operation by means of objective setting,
including a statement of mission and purpose (Clarkson, 1995). Thus, a mission statement
serves as an internal guide for managers for decision-making and behavior (Bartkus &
Glassman, 2008; Klemm et al., 1991). Yang et al. (2010) highlight the formulation of a clear
statement of project mission as the second highest critical success factor for stakeholder
management.
Externally directed, a mission statement provides a communication tool with external
stakeholders. It does so because it establishes an identity (Clegg et al., 2008) and sets value
driven preconditions to encounter others (Bartkus & Glassman, 2008). Bartkus and Glassman
(2008) suggest that a mission statement can even meet the purpose of imposing social
pressure on executives to align their decisions with firms’ overall expressed values as their
credibility is at stake otherwise.
Leadership has been identified as vital for a prudent execution of stakeholder management
(Elmualim, 2010). Winch (2010) concludes that it is inevitable for a successful project
coalition to include leaders who are capable to establish a project mission that becomes
internalized by its members and articulated in interaction with external stakeholders. Bourne
and Walker (2005) endorse that successful project managers handle political power
structures. They achieve this by being a leader, who astutely establishes project objectives by
means of a project vision and mission.
3.2 Managerial Tools and Techniques
The purpose of stakeholder management tools is to support decision-making, to share
knowledge, to reduce the level of subjectivity and to remain transparent for ‘projectoutsiders’, such as shareholders. Later in a process, it facilitates a common understanding of
stakeholders and their expectations as well as it monitors if stakeholder management is done
effectively (Bourne & Weaver, 2010).
Stakeholder management can also be conducted by means of traditional risk assessment
methods, such as the impact-probability-analysis. Conceived in a similar way, the powerinterest graph constitutes the bespoken methodology for classifying stakeholder types
(Leung, 2010). It is the most and well-known stakeholder management tool. The powerinterest matrix was originally devised by Mendelow but adapted and established to its current
form by Johnson et al. (2007). It displays identified stakeholders according to the ratio of
power they hold and the level of interest they possess. Eventually, stakeholders are classified
in four groups determining what strategy should be pursued toward them.
In a simplistic manner, stakeholder management tools can help to visualize what remains
tacit in individuals or communities of practice. As Bourne and Weaver (2010) discuss,
information sticks best in human minds if it is reiterated in several modes, including interpersonal discussions, intra-personal reflection and also visualization. Due to the fact that a
construction stakeholder landscape is made of complex information, it is best displayed
graphically in order to identify effective communication channels.
However, the managerial application of stakeholder tools is also confronted with critics. A
question raised concerns whether it is worth the effort to list everyone (Jepsen & Eskerod,
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2009). Jepsen and Eskerod (2009) identify difficulties whether a stakeholder should be
treated as a group or as an individual according to a list. Further they acknowledge that it
appeared difficult to keep a stakeholder analysis of a community durable because
stakeholders change during the course of a project.
Chinyio and Akintoye (2008) evaluate the existence of those tools by means of operational
techniques, such as joint workshops and negotiations. This includes finding trade-offs,
making concessions and eventually relying on intuition. Endorsed by several case studies,
Chinyio and Akintoye (2008) finally describe stakeholder management as a dialogue-based
approach, rather than as a coping strategy. Therefore, the application of tools can also be seen
as a relationship management approach.
4 RELATIONSHIP MANAGEMENT AND COMMUNICATIONAL STRATEGIES
Generally, interviewed SPV managers expressed that they are in a different role compared
to traditionally contracted construction projects. On the one hand, compared to being an
assigned construction contractor, they have more influence on the project outcome and need
to interact with a larger number of externals. The private SPV takes on client responsibilities
including handling relationships with parties who are not directly involved, i.e. not
acknowledged as internal stakeholders. Nonetheless, the SPV has to face with its own client,
simultaneously. On the other hand, it is shown that this greater influence includes a greater
power for the SPV, eventually changing the relationship with the public client. In this respect,
managers also emphasized that their relationship towards numerous other externals is
different, meaning that they feel being less powerful compared to a public client is used to be
in conventional (not PPP) infrastructure projects.
Managers describe this as a novel setting entailing a need to interact with externals
different than in public-private previous customs. It is indicated that the concessionaire
managers are both, on the one hand restrained by their servant position toward the client, and
on the other hand encouraged into a co-operative position toward other externals in order
successfully carry out the project from their point of view.
In order to successfully pursue business from the perspective of the concessionaire, certain
favorable behavioral aspects are revealed. The interviewees reflected that it is essential to
behave with integrity according to personally or team-internally determined values and
mission. Managers stated that they do not deviate from their relationship principles. They
attempt to achieve this by expressing and articulating values both in official statements and in
personal encounters. They stressed that they always behave co-operatively and according to
the concept of partnership even if the relational counterpart becomes antagonistic.
However, examples of actual action indicate that there have been gaps between the
managers’ intention and their actual behavior. The managers stressed that persistence and
power of persuasion are crucial. Especially, when an external stakeholder does not consider
an inquiry or issue as equally important as they do.
4.1 Networking and informal ties
In respect to relational practice and day-to-day action, interviewees acknowledged the
importance of personal and informal relationships. Most importantly, this includes the
possibility to contact a person directly and on short notice, beyond supposed formal
procedures. By doing so, subject related issues could be settled before long lasting
bureaucratic sequences are passed back and forth, such as written correspondence. Relational
ties, that enable for example to do instant phone calls, are considered as unavoidable. These
ties provide a chance to resolve urgent issues that dominate day-to-day business especially
during construction. Embracing what is widely acknowledged as networking, interviewees
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stressed how vital it is to intrude into external organizations’ structures, eventually knowing
the right person and making mutual unofficial agreements.
In summary, the interviewees said that for a successfully pursued interaction with external
stakeholders, it is pivotal to build up a relationship based on mutual interest, respect, and
personal affiliation. Those dimensions are likewise complementary and exclusive, dependent
on a persons’ character.
The interviewees also regarded it as important to understand and anticipate changes and
moves of external stakeholders before they take any action. This is particularly essential
when the projects image is at stake.
5 INTERNAL MANAGEMENT AND LEADERSHIP AFFECTING THE
RELATIONSHIP WITH EXTERNAL STAKEHOLDERS
Internal management seems particularly important in the studied case because several
investors from four different national backgrounds are engaged in the SPV. A need is created,
thereby, to reconcile between different cultural influences and even contrasting values. The
following comment from the interviews illustrates this.
“Everybody has different cultures, different languages, different backgrounds, different
interests, different everything. So we had some circus in the beginning, that’s for sure.”
Overall, solidarity is perceived as a key factor to built up confidence when encountering
external stakeholders. In this respect, mutual trust was mentioned as critical. Several
managers also stated that they feel personally affiliated and responsible for their colleagues
and the SPV itself.
5.1 Vision & Mission as internal instrument affecting stakeholder management
It became apparent that the vision and mission statement provides an underpinning base
for decisions and its subsequent actions that are taken in respect to external stakeholders. The
general impression, which was obtained by observations in the office of the SPV, confirm the
explicitly stated cohesion among the employees. Moreover, the vision and mission statement
conveys common behavioral codes and guidelines.
5.2 Intuitiveness instead of stakeholder management tools
Although this project is deemed as particularly challenging in terms of managing
stakeholders, no specific stakeholder management tools are applied on a regular base.
Instead, intuitiveness prevails actions that are undertaken. It was repeatedly observed from
managers’ stories that a gut instinct constitutes the underpinning impulse when handling
relationships. Some managers stated this even explicitly. When referring to stakeholder
management tools, such as maps, power-interest-matrixes, or communication plans, which
were displayed as examples during the interviews, all managers hesitated in response.
Manager: “I don’t think we’re so structured that we have some sort of a database or
something. We know pretty well what are the target groups, partly by experiences,
we’ve been working with it for quite some time.“
Interviewer: “Do you think it would be good to use tools like this stakeholder map?”
Manager: “We’re trying from time to time. The issue is to actually sit down and do it.
Many times it’s more complicated for us than just a map because on top of each of
these entities you have actually individuals. [...] We’ve done that in a camp [tried to
identify/map SH]. We tried to figure out - we’ve done a number of those exercises
where you put this small yellow notes [post-its] up.”
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Later on, the same manager said: “It’s not so structured as this thing [a stakeholder
map lying on the table]. More - Fingerspitzengefühl - a person that is important right
now might not be important at all in three weeks.”
6 DISCUSSION
Due to its far-reaching affect on society, PPP projects are naturally accompanied by a
great public interest (Yescombe, 2007). Also, due to its long-term financial incentive, the
PPP concept itself contributes with a life cycle perspective that continuously aims to satisfy a
vast amount of stakeholders beyond the construction time frame. The assumption is thus
established that stakeholder management in PPPs must be able to overcome shortsightedness
and mere project completion.
Examined by the concept of stakeholder attributes (Mitchell et al., 1997) the PPP concept
ads a pivotal change to the stakeholder landscape. The economically driven mission and the
legal restrictions of the private party entail a higher level of urgency and lower level of
legitimacy compared to the role of a public client in traditional projects. External
stakeholders, beyond the client, therefore possess rather coequal power compared to the
concessionaire. PPP converts the main contracting body in construction projects, i.e. the
private concessionaire and SPV, into a service partner and more equal stakeholder in terms of
power-influence, whereas this role is normally taken on by a publicly authority. This induces
that the private side initiates a great deal of interaction with external stakeholders. In turn, the
PPP concept promotes the involvement of externals.
Similar, the relationship toward the client is changed. Despite that the client’s authority
remains high, a great social interest and political implications can create co-dependent ties,
thus possibly enhancing legitimacy of the concessionaires’ claims. A lack of experience on
the client side, which was the case for the studied project, is shown to adjust the positional
power distribution in personal meetings. The SPV managers can therefore educate their
counterpart in their own favor and consequently manage this relationship more proactively.
According to the presented results, the managers did not separate their personal and
professional approaches related to relationships and communication. One manager argued
that the SPV keeps the same partnership strategy no matter if the subject is of a hostile or
friendly character. However, it is indicated that it is easier to remain persistent in ones’
relationship strategy, if the managers’ personal values and beliefs comply with the SPV’s
corporate values. There were examples indicating differences between the managers’
intentions and their actual behavior, where some managers expressed, in accordance with
Smyth and Edkins (2007), a lack of trust toward certain externals and used other approaches
than partnership, such as media, to inflict pressure on the external stakeholder.
Most of the managers mentioned the importance of connecting dots, i.e. understanding the
formal and informal political environment and also how it influences the project. This is
regarded as a success factor (Bourne, 2009; Pinto, 2000) and a sufficient targeted
communication to the right stakeholders, in the right way, and at the right time, is dependent
on this political skill (Bourne, 2006). Regarding informal networks, managers clearly
acknowledged that these relationships are of pivotal importance to avoid bureaucratic
systems when matters are urgent and legitimate. For the formal macro political environment,
the political discussions are closely analyzed in order to estimate future changes, which could
affect the project. In essence, managers used their stomach feelings to understand and
manage the formal and informal politics.
6.1 Team identity and vision-mission foster stakeholder management
Diverse personnel as well as corporate national and cultural backgrounds characterize the
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studied SPV. The study shows that successful stakeholder management requires strong
internal cohesion. This is achieved through building trust by means of transformational
leadership (Li et al. (1999); Mika et al. (2009). An empowering leadership practice has
fostered trust and independency. This eventually has encouraged a self-responsible behavior
toward external stakeholders. Moreover, it is demonstrated as crucial for teambuilding that
managers identify themselves with the project and the SPV.
Johnson et al. (2007), Clarkson (1995) and Klemm et al. (1991) explain the underlying
management principles on vision and mission, which are also identified in the study. Internal
team development and common value expression are found to heavily rely on a jointly
developed vision and mission statement. Simultaneously it has served as a behavioral
guideline as it conveys common values. Thus, it is evaluated as the strongest stakeholder
management strategic tool that was found in the case study.
It was stated that team members were selected according to collective values. However,
this demonstrates a top-down approach rather than a value integration, which deals with a
given set of divers individual attitudes that build vision, mission and identity. According to
Moura and Teixeira (2010) and some other statements in the interviews, successful
management of relationships with differing externals rely on a shared value system. This
includes a need to employ divers personality traits that are able to adapt accordingly.
Although Manowong and Ogunlana (2010) endorse staff selection according to collective
values as found in the study, a selection of managers toward mere internal cohesion entails a
risk to exclude characters that are needed to encounter specific stakeholders effectively.
6.2 Intuitiveness instead of stakeholder management tools
In the case study it is surprisingly shown that despite an immense stakeholder challenge,
tools are not applied except a single initial mapping. Although visualization is deemed as a
favorable practice (Bourne & Weaver, 2010; Winch, 2010), benefits from this exercise were
not apparent in the case. Literature and public counter arguments evaluate stakeholder
management tools as too inflexible or bureaucratic (Jepsen & Eskerod, 2009; Sparrow, 2012).
In the posed case of an infrastructure PPP, an exceptional dynamic and heterogeneity of
stakeholders is given. Consequently, managers’ decisions on behavior require the
consideration of many dynamic relationship dimensions simultaneously and often its
evaluation in an ad hoc manner. That is why managers rely heavily on intuition. The findings
indicate that available tools might have hindered a proactive effective stakeholder
management in the given setting. A favorable and well-functioning internal team
performance, leadership practice and experience substitute its application. Nonetheless, the
study does not ultimately conclude, and therefore suggests further research, whether a
systematic continuously updated stakeholder analysis would facilitate relationship
management if leadership and team-cohesion were detrimental. Notwithstanding, it is
concluded, in line with Donaldson (1995), that a set of attitudes, values and common
practices together constitute a stakeholder management philosophy, rather than a specific
management technique.
7 CONCLUSION
This paper discusses challenges to external stakeholder management in construction
projects, an in PPP projects in particular. These relationships are affected by intentional and
unintentional management actions that are underpinned by individual and collective values as
well as internal management practice. Due to a changed setting of relationships, the private
side initiates a great deal of interaction with external stakeholders. In turn, the PPP concept
promotes the involvement of externals. Further, the changed relationship setting implies that
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co-dependent correlations can trigger a proactive collective behavior among the parties
involved.
A prevailing attitude among managers to encounter external stakeholders in partnership
facilitates the interaction toward collective behavior. Furthermore, approaching them with a
great deal of persistence and patience increases the possibility to accomplish desirable
outcomes. In sum, effective, targeted communication is the key for managing relationships
successfully. This includes anticipating and acknowledging all affected stakeholders. This
can forestall detrimental project opposition, proactively. Based on a sensible political
understanding, this is achieved by a regular intuitive scanning of the stakeholder environment
and the respective organization’s informal and formal structures.
Exceptionally dynamic relationships with externals and their heterogeneous background
imply that managers make decisions on an ad hoc bases and intuitively. This is accomplished
by a transformational leadership style that encourages managers to act self-responsible.
Further, this is underpinned by an mélange of individuals’ and corporations’ attitudes and
values resulting in a stakeholder management philosophy rather than a management
technique. These are found being reflected internally in a widely acknowledged vision and
mission statement. It is found that despite contractual duties, normative values that are
incorporated in personal values and beliefs are the main drivers for managers’ behavior
toward external stakeholders. Managers are aware of their great impact on society and mostly
partly motivated by this fact to go the extra mile to meet their social responsibility.
Despite an exceptionally challenging stakeholder environment, stakeholder management
tools are not applied in regular management operations. Instead, a jointly internal vision and
mission statement served as a behavioral guideline and constituting the strongest stakeholder
management tool that is found. Firstly, its application is dependent on whether or not they
can be handled flexible and easily on a da-to-day base. Secondly, even though tools
application can facilitate stakeholder management, it also constitutes a risk if applied in a
narrow manner toward mere financial gain. If so, stakeholder management principles can
even prevent proactive behavior toward externals rather than enhancing it. These findings
develop other opportunities for further research concerning the benefit from an explicit
stakeholder analysis compared to the effort to perform it.
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Abstract. Previous research in various industrial contexts has shown that companies needs to
achieve both exploitation of current knowledge, and exploration of new knowledge to be successful in
changing conditions. In the construction sector exploration activities are sometimes conducted in
demonstration projects. The project based nature of the sector is, however, argued to be one common
obstacle to exploitation and diffusion of knowledge and innovation. In Sweden, the government has
financed different demonstration projects, through The National Board of Housing, Building and
Planning, in order to facilitate development and diffusion of new knowledge. This paper sets out to
compile the results of a previous study of 11 conducted demonstration projects and establish a
framework and research questions for a follow up study of the demonstration projects six years after
their completion in order to assess the extent of knowledge diffusion. The previous study is based on
interviews with the clients’ project managers and document studies of reports published from the
demonstration projects. The tentative findings show that the projects involved product, process,
organizational/contractual and financial/revenue innovations. The result also shows that the
investigated projects were reported as successful and therefore could serve as base for diffusion of
new knowledge. In the second step the study will investigate if and how knowledge was diffused from
the demonstration projects among the involved actors.

KEYWORDS: Exploitation, Exploration, Demonstration projects, Knowledge transfer,
Innovation diffusion
1 INTRODUCTION
Organizational theory highlight the importance of an organization’s capability to both
exploit existing knowledge and technologies for short-term profits and also explore new
knowledge and technologies to enhance long-term innovation and adaptation (March, 1991;
Gupta et al., 2006). Prior research has mostly studied how to manage the tension between
exploration and exploitation at a firm-level (Katila & Ahuja, 2002; Uotila et al., 2009) or
strategic business unit (SBU) level (Gibson & Birkinshaw, 2004; McCarthy & Gordon,
2011). Although the capability to achieve both exploration and exploitation recently has
received escalating interest in organizational theory, studies dealing with project-levels and
project-based organizations (PBOs) are scarce (Tiwana, 2008). This gap may be due to that
exploration/exploitation research has mainly studied manufacturing industries (Adler et al.,
1999; Katila & Ahuja, 2002) rather than project-based industries (Eriksson & Westerberg,
2011). However, a few studies that have been conducted in project-based industries suggest
that the tension between exploration and exploitation is especially challenging to manage in
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PBOs (Söderlund, 2008; Eriksson, 2013). Purposeful management of this tension is critical
for sustainable development of the firm (March, 1991; Gupta et al., 2006) by enhancing both
short-term efficiency in each project and long-term innovation that is required for successful
management of future projects.
Prior innovation studies in the construction industry indicate that explicit R&D
expenditures are extremely low (Miozzo & Dewick, 2004; Reichstein et al., 2005). This is
partly because innovation is mainly not conducted within R&D departments in PBOs, but
rather in specific development projects in the project portfolio (Blindenbach-Driessen & van
den Ende, 2006), many of which may not be accounted for in the formal R&D budget.
Accordingly, Eriksson (2013) argues that construction companies cannot rely on managing
exploration and exploitation solely at the SBU-level by exploration in the R&D department
and exploitation in the production units. As a complement, the tension is also managed at a
project portfolio level by focusing more explicitly on exploratory activities in specific
development projects (often called demonstration projects) and more on exploitation in
regular business projects (Eriksson, 2013).
In order for a development project to be successful and beneficial from an
exploration/exploitation perspective, it is not sufficient to successfully explore new
technologies or knowledge. The developed knowledge and/or technical solutions must also be
leveraged by diffusion to other types of projects (Söderlund, 2008), in order to make a greater
impact at the portfolio level. This may however constitute a major challenge for PBOs since
they face difficulties of switching from decentralized exploration in development projects to
centralized exploitation through knowledge transfer and innovation diffusion to subsequent
projects and to the firm-level (Brady & Davies, 2004).
Bosch-Sijtsema and Postma (2009) argue that there is a lack of studies focusing on
learning and knowledge transfer in development projects in PBOs. A few studies in the
construction industry context support the argument put forward by Brady and Davies (2004)
that exploitation of exploratory innovations is difficult. In a study of 20 Swedish development
projects Widén and Hansson (2007) found that the extent of knowledge diffusion varied
considerably five years after the projects were ended. Similar findings were made by Smyth
(2010) in a study of 150 demonstration projects in the “Continuous Improvement Program”
in the UK. In general, these projects were considered successful in terms of innovations at the
project-level, but knowledge diffusion across the firms’ project portfolios or to other
companies in the industry was generally not achieved (Smyth, 2010). A reason for the lack of
knowledge diffusion from exploratory activities is that the short-term project focus and
decentralization that characterizes the construction industry (Dubois & Gadde, 2002) has
detrimental implications for knowledge management and cross-project organizational
learning (Knauseder et al., 2007; Pemsel & Wiewiora, 2013).
In light of the above presented discussion there seems to be a need for improved
understanding of how to address the tension between exploration and exploitation by
purposeful management of development projects including cross-project learning and
knowledge transfer to subsequent projects and the firm-level. Accordingly, the purpose of
this research is to investigate how development projects can be managed in order to enhance
successful exploration and how knowledge and technologies can be diffused and transferred
from exploratory development projects to subsequent projects in the project portfolio or to
the firm-level. This paper firstly presents empirical data from the first stage of a multiple case
study investigating the management of 11 development projects and their outcomes and
secondly it suggests empirical methods for the second stage in which knowledge diffusion
from the 11 projects will be investigated.
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2 THEORETICAL FRAMEWORK
2.1 Exploration and exploitation at project portfolio level
A few studies on exploration and exploitation have investigated the project portfolio level
(O´Reilly & Tushman, 2004; Lavie & Rosenkopf, 2006; Andriopoulos & Lewis, 2009), by
differentiating between projects for radical innovation and projects for incremental
improvements or implementation projects. These studies highlight the importance of distinct
management and governance approaches for different types of projects. Prior studies of
development projects in PBOs have however found that exploratory development projects
were managed in the same control focused way as the regular exploitative business projects,
which stifled innovation (Keegan & Turner, 2002; Blindenbach-Driessen & van den Ende,
2006).
In a quantitative study involving 741 respondents in 47 construction projects it was found
that project actors find it important to explore new knowledge and technical solutions but that
this in general was not perceived to be done to a sufficiently large extent (Knauseder et al.,
2007). This supports the idea that specific development projects with explicit exploratory
aims are important vehicles to enhance exploration in construction companies. In addition,
the above discussed studies indicate that it is relevant to investigate how different governance
and management approaches affect the possibilities for achieving exploration and
exploitation in different types of projects.
2.2 Innovation and development projects
In innovation and new product development (NPD) literature the concept of open
innovation is becoming increasingly common. At first open innovation was mainly studied in
high tech industries but is highly relevant also in more mature industries (Chesbrough &
Crowther, 2006). Many studies in this literature field highlight the importance of involving
other types of actors, such as suppliers (McIvor et al., 2006; Parker et al., 2008) and
customers/lead users (Von Hippel, 1986; Stump et al., 2002) in cooperative innovation. Much
of construction innovation is co-developed by for example clients, contractors, subcontractors, consultants and suppliers in multi-actor projects (Gil et al., 2012; Ozorhon,
2012). Cooperation among different types of actors with complementary competences and
capabilities is thereby often a prerequisite for innovation in construction projects (Harty,
2008; Bosch-Sijtsema & Postma, 2009).
Construction innovation can be divided into four main types: product, process,
organizational/contractual, and financial/revenue innovations (Tawiah & Russell, 2008).
Examples of these types of innovations are: self-compacting concrete (product),
industrialized construction (process), partnering (organizational/contractual), and PublicPrivate-Partnerships (organizational/contractual and financial/revenue). Prior research in the
infrastructure sector have found that one type of innovation often can trigger or require
innovation of other types (Tawiah & Russell, 2008). Hence, it is important to adopt a system
perspective on exploration in development projects.
2.3 Knowledge diffusion from development projects
Experience feedback and knowledge transfer from one project to another is related to
exploitation since it enhances continuous improvements and a wider utilization of knowledge
that has already been created (McCarthy & Gordon, 2011). From an exploration/exploitation
perspective, it is therefore critical that exploratory development projects are followed by an
exploitation of the developed knowledge through leveraging and diffusion activities
(Söderlund, 2008). Knowledge diffusion in PBOs is however characterized by challenges
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related to decentralization and the temporal and unique nature of projects (Swan et al., 2010).
Possibilities for repetition enhance innovation diffusion since the actors then can identify and
realize clear opportunities for direct use of newly explored technologies (Ozorhon, 2012).
In addition, the multi-actor nature of many projects posits further possibilities but also
challenges. In a quantitative study of 47 construction projects it was found that project actors
find it important to learn from other occupational groups with different competencies and
experiences but that this was not achieved to a large extent due to lack of procedures for this
type of knowledge transfer (Knauseder et al., 2007). Diffusion of knowledge and innovations
is therefore enhanced by partnering approaches in which actors learn to cooperate and share
knowledge across organizational and occupational boundaries (Ozorhon, 2012).
Söderlund (2008) states that the part of project management literature that studies learning
and knowledge transfer focuses on what goes on inside projects, whereas studies that
investigate knowledge transfer and learning across projects and different organizational levels
are scarce. Hence, it seems important to increase our understanding of how learning and
knowledge transfer from exploratory development projects can be enhanced in multi-actor
project contexts.
3 RESEARCH METHOD
The research presented in this paper is based on a longitudinal multiple case study
performed in two stages. In the first stage the management and governance of demonstration
projects was investigated, while the second stage, which has not yet been conducted, will
focus on knowledge diffusion from demonstration projects to subsequent projects and to the
firm-level of participating companies.
3.1 Sample
The case study projects were selected among demonstration projects financed by the
Forum for Building Costs (The National Board of Housing, Building and Planning) in
Sweden from 2002 to 2006. The Forum for Building Cost was formed as a reaction to critical
reports regarding the situation in the construction industry. Important objectives of the Forum
for Building Costs were to develop tools for evaluating construction projects, transfer
knowledge and to stimulate further education. From the 1st of January 2002 the Government
has allocated 20 million SEK per year to the Forum for Building Costs for support of suitable
demonstration projects that, in innovative ways, would reduce construction costs in rental
housing while at the same time promoting ecological sustainability. The financed
demonstration projects were published on the forum’s website as “best practice”. 31th of
December 2007 the government cancelled the mission given to the Forum for Building Costs.
Overall the Forum for Building Costs has supported over one hundred development projects
with a total value of 107 MSEK.
At the time of Stage 1 of this research 45 demonstration projects had been initiated and
thereby possible to investigate. One of the authors of this paper was assigned the mission by
the Forum for Building Costs to investigate a suitable sub-sample of these demonstration
projects in order to study their outcomes and how they were managed and governed.
According to Eisenhardt (1989) four to ten projects are suitable to investigate in multiple case
studies in order to enhance a purposeful balance between depth and generalizability. In this
research it was important to enhance generalizability in order to be able to relate empirical
findings to the larger population of housing related demonstration projects initiated by the
Forum for Building Costs. The criterion for selecting projects was that they should be aiming
to result in not only some type of development, but also in an actual construction product,
since the focal point in the study was on management of new ideas in PBOs. Hence, these
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demonstration projects involved development of various innovations in construction project
settings. Among the total amount of financed demonstration projects up to spring 2005, 11
projects fitted this criterion and were therefore selected to be included in this research. Seven
projects were initiated by a municipality housing company, whereas four projects were
initiated by private real estate companies, see Table 1.
3.2 Data collection in Stage 1
The empirical material was mainly obtained through interviews with the involved clients.
After the selection of projects, an introductory letter was sent out in which the contact
persons were asked for participation. The next step was a telephone call to all potential
respondents to confirm their participation. All 11 clients accepted to participate and were
subsequently interviewed. Each interview lasted approximately two hours and was conducted
at the respondent’s location. The interviews were recorded and the researcher used the
recordings to compare the notes taken during the meetings. The interviews were semistructured with questions covering five main areas; the focus of the development project (i.e.
type of innovation), how the project was conducted, how the project was organized and the
fifth area considered how the project was documented.
Table 1 : Main characteristics of the investigated projects
Project
1
2
3
4
5
6
7
8
9
10
11

Type of client
Municipality
Private
Municipality
Municipality
Municipality
Municipality
Municipality
Private
Municipality
Private
Private

Purpose of project
Development of high-rise wood construction
Project manual for construction management including technical
platform
Knowledge transfer, implementation of change
Minimise waste in the construction process
Development and evaluation performance of buildings
Evaluation of client-led design and bid contracts
Competitive tendering process with divided contracts
Evaluation of planning and tendering process
Cooperation among actors in the construction process
Comparison between cost in different markets
Industrial construction, divided contract, purchase of material

As an important part of the empirical study, the reports on each of the projects involved in
this study were also examined, both to get a deeper insight into the projects and to triangulate
the interview data.
3.3 Analysis in Stage 1
The software Nudist 5 (today called NVIVO) was used to analyze the empirical material
from Stage 1. NVIVO helps the researcher to access, manage, shape, and analyze detailed
textual data by removing manual tasks like classifying, sorting and arranging information.
One problem with qualitative data is the amount of empirical material that appears in front of
the researcher. The material needs to be processed in order to reduce the amount of data
(Miles & Huberman, 1994). The interview material was coded based on the subjects, derived
from the questions, in order to track similarities and differences. As a second step the
interview results were compared with the written and published reports regarding the project
experiences and project results. Furthermore, the focal point of the analysis was on how the
reports described “the journey” in the projects. This part was important in order to understand
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the possibilities for diffusion of the developed knowledge and experiences to other projects
and to actors outside the involved project organization.
4 EMPIRICAL RESULTS
In Table 2 the studied projects are categorised based on the type of innovation (product,
process, organisational/contractual, and/or financial/revenue) and the extent of innovation
(radical or incremental). Numbers marked in bold are the projects’ main type of innovation,
whereas numbers in brackets indicate secondary innovations (e.g. Project 6 focused on
incremental Organisational/Contractual innovations but also some incremental Process and
Financial/Revenue innovation was conducted).
Table 2 : Categorisation of investigated projects
Type of innovation
Product
Process
Organisational/Contractual
Financial/Revenue

Extent of innovation
Incremental
Radical
1, 11
2, (3), (5), (6), (8)
(1)
3, 4, 6, 8, 9
(6), 7, (10)
5

4.1 Empirical result from Stage 1
Projects number 5 and 11 did not result in actual buildings, since building permissions
were refused. Project 5 did however result in a conceptual design and a plan for realization
and a half-time report was also published. In Project 10 the objective, according to the
respondent, was not primarily to gain new knowledge to the own organization but rather to
exemplify cost differences in different markets.
The main purpose of five of the demonstration projects was to develop/test different ways
of working together in the construction process or more specific, organizational/contractual
innovation (e.g testing new contract forms or partnering). In addition six projects also
conducted incremental process innovation. Accordingly, there is a predominance of projects
focusing on development of the construction process and/or organizational/contractual
innovations in the sample; just a few projects had a clear technical product focus.
One question in the first stage dealt with the issue of the ideas behind the demonstration
projects, and the origins of the ideas. According to the respondent in Project 1, the innovative
approach was based on a political decision. Similarly Project 10 was initiated as a request
from government. Except for those two projects (Projects 1 and 10), the ideas were not
directly new to the respondents. They had previously dealt with most of the issues in some
way. According to the respondents, the placement of the development ideas in a
demonstration project gave them an opportunity to develop the idea in a more structured way.
An important issue in many of the studied projects was the question of involving the own
organisations’ building maintenance early in the process in order to achieve a successful
process and product. However, the success of addressing building maintenance issues in the
process differed among the projects. The respondents representing large organisations
experienced more effort in involving their own organisation in the idea of the demonstration
projects.
Furthermore, regardless of the different intentions in the projects one of the purposes of
the demonstration projects was to gain more experience of how to handle the construction
process. More specifically, the respondents wanted “better control of the process”. One
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significant word that appeared during the interviews was “confidence”. The respondents
wanted to be confident with the end result of the construction process. Another significant
similarity was that they were not interested in building “cheep” products. Instead the
respondents demanded “value for money”, that is, products that obtained a balance among
cost, level of quality, location and level of rent.
The project organisations varied from large groups with many “new” actors involved
(actors that normally are not directly involved in the decision process, such as suppliers) to
more traditional groups, in which clients concentrated to collaborate with consultants and
contractors. The participation of “new” actors was affected by the type of project. The
projects with a technical product focus had a more explicit participation of “new” actors. No
corresponding tendency was however found in the projects dealing with development of the
organisational/contractual issues.
The published reports have various similarities with the respondents’ experiences from the
demonstration projects. The reports include extensive descriptions of the technical aspects
and of different technical solutions of the projects. The descriptions of “how” they achieved
the results in the demonstration projects are, however, in many cases succinct, with exception
of the projects where researchers were involved in the development and documentation of the
results. The projects with a high technical focus (e.g. development of technical solutions)
have more descriptions of the solutions. However, the written reports on the projects with
focus on process development also have descriptions of achieved technical solutions and the
aspects of learning are not considered in the same extent. A general view from the
respondents was that they did not document the process as detailed as they should have.
4.2 Tentative empirical result from Stage 2
At the time of writing this article two respondents had been interviewed, from project 3
and 5. Project 5 had not been followed through as planned. After the initial stage of the
project (definition of project mission and continuation), there were no further actions in the
project (also, the respondent that was originally involved in the project was not employed any
more). The respondent also mentioned that the original idea, to transfer the responsibility to
contractors regarding energy effectiveness in the buildings during the user face, was tried but
the price from the contractors was too high. Furthermore the respondent argued that their own
organisation already deals with the issues themselves, in a more cost efficient way. Instead of
leaving the management of the building to the contractors (based on incentives) they use
thorough control of the construction process. Part of the original ideas was still in operation
though. In many of the construction projects they use cooperation as a “tool” for conducting
the projects, such as refurbishment projects. They also tried to use framework agreement for
industrialised buildings, in cooperation, but in recent years the city lawyer has hindered that
opportunity. The lawyer is concerned that the framework agreements are not consistent with
the Public Procurement Act.
The second interview involved two respondents representing Project 3 (one of which
was the same respondent as in Stage 1 and the other was a project manager employed after
the pilot project was finished). In their organisation most of the developed ideas from the
pilot project are still in progress. There is only one specific part of the developed ideas that
they still not fully can use. It concerns their efforts to use more industrial prefabricated parts
in the construction process. They refer to local regulations as an obstacle for this
development. The project manager did not however have any knowledge about the pilot
project, or the documentation. The specific website for the pilot project (managed by the
researchers involved in the project) where some of the documented experience was stored
have also been closed down.
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A general difference between this to development project was the magnitude of
information sharing outside the project. In Project 5 there was not much information sharing
outside the project group, even with the own organisation. In Project 3 the emphasis was
stronger on sharing information about the project to a wider public, in seminars, exhibitions
on fairs, web portal for gathering information.
5 DISCUSSION
As described in the empirical section there are some main areas to further investigate
concerning exploration and exploitation in the follow-up study. Firstly, the brief empirical
description shows that exploration and exploitation of ideas not necessarily is about new
ideas addressed to solve the current problem in the construction process. In most of the
investigated projects the ideas were not completely new to the respondents, they were already
known but had not been further developed, and in just two cases the novelty was high. But
the awareness of the market situation, and general demands from the society, seems to be an
important “driver” for initiation of development projects. Therefore, it is important to find
out if the developed ideas still are relevant or if the subject of attention has changed in the
involved organizations.
Secondly, it is interesting to investigate how the developed ideas are disseminated in the
organizations, since the theoretical framework highlight the importance of transferring new
ideas to portfolio level. This part also covers if the documented results are known in the
organization (i.e. are formalized in some way). As shown in the results of the first study
exploitation of new ideas seams to be more difficult in large organizations.
Thirdly, the dissemination of the results from the demonstration projects to other
participants in the PBOs will be investigated, mainly by contacts with participating
organizations in the documented demonstration projects. Since the investigated projects were
initiated by construction clients it is interesting to investigate if the explicit exploratory aims
were fruitful for the other actors involved in the projects (i.e. contractors, suppliers and
consultants). Tentative results from Stage 1 indicates that, organisational/contractual
innovation is not likely to diffuse to the same extent in PBO:s since the involvement of
external actors seams to be less common in such development projects.
Dissemination of developed ideas is important, with respect to both exploitation and
exploration in a larger context, therefore the published reports, which are accessible for
anyone, needs to be scrutinized to further understand to what extent the developed ideas are
reproducible outside the involved PBOs. As described in the empirical section, the
documetation of how the develeopment project was contucted was in several cases poor.
This can indicate that the short term efficiency has more attention than long term
development even if the purpose seems to be the opposite. Furthermore, there is indication
that the dissemination of information and results to a wider public from the development
projects are important, since the development project with high information sharing seems
more likely to survive. It is noteworthy that there are projects with multiple purposes detected
in this first part of the study, which also needs to be further investigated. This can indicate, as
the theoretical framework suggests, that a system perspective is important when trying to
understand diffusion of innovation in PBOs.
6 CONCLUSIONS
The purpose of this research is to investigate how development projects can be managed in
order to enhance successful exploration and how knowledge and technologies can be diffused
and transferred from exploratory development projects to subsequent projects in the project
portfolio or to the firm-level. Based on the theoretical framework and the first empirical
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study, and tentative result from Stage 2 of the study, the following main areas will be
investigated further by interviews and analysis of existing empirical material.





How the demonstration project was conducted; This question embrace methods,
formulation of aim and organization
Type of knowledge/innovation the demonstration project resulted in; This
question specifies the novelty of the innovation, if there was any discrepancy
between the view of the actors in the projects and if the ideas still are
contemporary
Dissemination of knowledge; This area covers if and how the experience and
result from the demonstration projects can be traced among the project
participants organizations

The main intention is to address the previous respondent or individuals withholding the
same position in the organization as the previous respondents and participants involved in the
demonstration projects.
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Abstract. The use of the collaborative methods has increased in construction projects. New
collaborative methods create different kind of project environment and thus require new management
methods. To be able to manage collaborative situations between different organizations, the
collaboration in the project environment needs to be understood. One of the aspects that is not yet
fully studied in inter-organizational collaboration situations is learning. Learning consists of
cognitive as well as social processes. Social learning is a theoretical approach that concentrates on
social processes within learning. This theoretical approach is relatively new and has not yet spread
well around different study fields. This study investigates what earlier studies have learned about
social learning in the context of a construction project. After mapping current studies, the existing
research gaps are presented. During the literature search, only 10 papers were found to use social
learning perspective in their studies in the context of a construction projects. The most recent papers
were more familiar with social learning theories than the earlier ones. Community of practices,
situated learning and practice-based learning were some of the used social learning concepts. The
results suggest that we understand already something about social learning in the context of a
construction project, but still many processes and perspectives are left unknown.
KEYWORDS: collaboration, organizational learning, social aspect, construction project
INTRODUCTION
Construction projects have started to use more collaborative methods to achieve better
performance. According to Barlow (2000) the problems that the construction industry has in
performance are developed because of the inadequate collaboration. Collaboration can be
defined as a phenomenon where at least two persons are interacting for a purpose (Kraut et
al., 1990). In construction projects, different methods exist to create better collaboration.
These methods are occurring in the different levels of an organization. For example
collaborative procurements relate to contracts and thus legal binding, collaborative ICT
processes are easing information flow and collaborative working methods like big room bring
people together. Several collaborative methods can be used within one project. The big room
-method refers to a location where all participants of the project work as team thus are easily
reached. This means, people from different companies work daily together in the same room
or at least in the same building. This kind of project teams’ colocation might be realized only
partly, but it is an appealing method for creating efficiency through stronger collaboration.
Winter and Szczepanek (2008) have presented a need to study more collaboration which can
enhance value creation especially in the project based industries. New collaborative methods
in construction projects create a need to understand new kind of circumstances to achieve
better performance through these methods. Collaboration has also a social dimension
(Heerwagen et al., 2004), which is highlighted in this paper.
At the moment, the need for more understanding is not so much on costs in the
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construction or in the detailed design phases in the construction engineering and management
studies according to Levitt (2007). Levitt (2007) also argues that in the construction
engineering and management studies do not yet exist a vast understanding of the dynamics of
learning in the context of inter-organizational collaboration in project-based industry. When
people work together, learning enables creating solutions and improving performance. Some
studies exist in the construction management research about organizational learning and
especially knowledge management in the context of a construction project. However, Small
and Walker (2011) claim that projects are also social processes which consist of complex
human interactions. The social dimension in learning in the context of construction projects
has not been studied much. Social learning theory is essential in collaboration, because this
theory understands not only the information existing in the individuals’ mind, but the social
processes and systems that affect learning in the collaborative environment. According to
Heerwagen et al. (2004) to support individual and team work, an understanding of the
cognitive as well as social processes is required in collaborative working environments.
Because of the increased use of collaborative methods in construction projects and the
research need to understand more about learning in collaboration, this paper investigates how
well social learning has spread in the construction management research till now. This
understanding enables to see the actual research gaps. At first, the phenomenon of social
learning is reviewed. Then, earlier studies are searched to find papers that discuss about
social learning in the context of a construction project. The found articles are reviewed in the
light of social learning theories. Finally, the need for new research is discussed.
2 SOCIAL LEARNING IN THE ORGANIZATIONS STUDIES
In this section, the theoretical framework of social learning is discussed to understand
what to look for in the search of earlier research. This search is presented in the method
section. Knowledge and learning has been studied and discussed vastly in the organization
studies. Partly because of the multidisciplinary character of organization studies, a great
amount of different perspectives exist about learning and knowing. Different perspectives
were more clearly separated, but nowadays they have taken influence from each other, which
mean the separation between them is even more difficult. However, different studies explain
the phenomenon of learning still in varying ways. The commonly used separations between
different approaches are organizational learning, the learning organization and knowledge
management. Here, organizational learning as an approach is the most relevant, because this
approach includes social processes. The beginning of the organizational learning evolved
when learning was separated to two levels: organizational level and individual level
(Easterby-Smith & Lyles, 2003). From this era, Levitt and March (1988) are among the very
influential authors. Their learning theory is based on behavior studies of organization. Levitt
and March’s (1988) interpretation of learning lies on three principles: in an organization
behavior is based on routines, second is that organizational actions are history-dependent and
the third is that organizations are orienting to targets (Levitt & March, 1988). To understand
the different approaches inside organizational learning, I present two definitions. The first
definition is from Fiol and Lyles (1985, pp. 803): ”the process of improving actions through
better knowledge and understanding”. The second is from Nicolini & Meznar (1995, pp.
728): “organizational learning corresponds, in this sense, to investigating why and how these
bodies of thought change”. Some approaches are more directly aiming to better performance,
while others highlight more the understanding of a complex phenomenon.
Organizational learning theories, particularly at first, based their understanding of learning
on psychological theory of individual learning. Within this theory, learning is seen as a
cognitive process where learning requires abstraction (Elkjaer, 2003). Thus learning happens
in the mind, and it is about the practices (Elkjaer, 2003). This theory claims that at the
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organization level, learning is the sum of individuals’ learning. This is possible, because
individuals act on behalf of the organization (Senge, 1990). This means that, as Elkjaer
(2003) express it; individual and organizational learning are separated like a soup and a bowl.
Individual learning theories have received also criticisms about not to recognize non-verbal
action in part of learning. Another point of critic is that, in the individual learning theory,
individuals are not seen actively influencing organization. From these critics social learning
theories evolved. Social learning theories have used often social constructivism (see Berger
& Luckmann, 1966) as a theoretical background. These theories are interested in learning
when people 1) participate in an interaction and in the result of this participating they 2) coproduce knowledge (Karataş-Özkan & Murphy, 2010). Learning is also seen inevitable to
happen when individuals participate in everyday organizational life and work (Nicolini &
Meznar 1995). In social learning theories learning is seen as a comprehensive phenomenon
where the content of learning is also about 3) becoming a practitioner (Elkjaer, 2003). Here,
4) the power relations are acknowledged as well as 5) the context of learning. According to
Elkjaer (2003) in social learning theories, the relation between organizational learning and
individual learning is not separated, but weaved together. Social learning theories are also
influenced by pragmatism. In pragmatism thinking is seen as an instrument for action.
Reflection is necessary for an individual. According to Elkjaer (2003) individual and
organizational learning, in the pragmatism approach, are inseparable. Influential authors who
see learning as a complex phenomenon interviewed with everyday practices are for example
Lave and Wenger (1991), Cook and Yanow (1993), Brown and Duguit (1991) and Gherardi
and Nicolini (2000).
This study describes how well social learning has spread in the construction management
research till now. The search for earlier studies is based on the understanding of social
learning theories in the context of construction projects. In the next section, the method of
the search is described.
3 METHODS
For this study, I searched published articles to gain an understanding of how much
collaboration in the construction projects is viewed with the perspective of social learning. I
chose a systematic review as a method, because it enables replicable, scientific and
transparent process (Tranfield, 2003). Based on preliminary search on construction and
engineering journals only few articles were found discussing about social learning theories.
This search suggested that concentrating only to some journals, would give very few results.
To find all relevant articles, I conducted a profound search with a search engine ProQuest
(www.proquest.com), which is using 47 databases from different disciplines. With ProQuest
it is possible to find relevant articles within numerous journals from different disciplines. In
this search ProQuest seach engine is relevant, because it includes also multiple engineering
journals. One example of these is Construction Management and Economics, which Chau
(1997) describes to be one of the most influential engineering journals.
The first phase of selecting the articles, I made with a ProQuest search. The keywords
‘construction industry’ and ‘social’ was searched from the whole text and the word ‘learning’
from the abstracts. 237 matches were found in scholarly and peer reviewed journals. Because
the study here is interested about the construction projects as the context, the journals relating
training, education, language, safety and marketing were excluded leaving 194 matches in
100 journals. These were published between 1992 and 2013, but most of the articles were
published after 2000.
During the second phase, I read the abstracts of the found articles and I selected the
relevant articles for the analysis. This kind of method of reading abstracts to find social
learning articles is also used by Brandi and Elkjaer (2011). The results were restricted based
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on the context of a construction project, which excludes papers concerning for example
education and safety. Another restriction was related to what kind of learning theory author/s
use and how they understand learning. The learning needed to be explained theoretically and
in this explanation social aspect was required. However, social learning as a phenomenon
was not required to be the main focus in the article. I excluded the articles that only
mentioned social aspect, but did not consider it further in the analysis. In the end of this
process, 10 papers were left for the analysis.
During the third phase, I read carefully the found 10 articles and I classified the articles
based on the social learning concepts that they were using. Results present the central
classifications and how the data was divided based on the classifications. Afterwards, I show
the results in the light of social learning theories.
4 RESULTS
4.1 Articles and the research themes
The search produced 10 articles for the analysis. Most of the articles were published in
project or construction journals. The author who was mostly contributing to these articles was
Mike Bresnen (3 articles as a first author). The Table 1 shows what kind of articles relating to
social learning has published in the context of a construction project. Almost all the studies
used cases and interviews as a method. In five of the studies, data was collected from UK.
Data was collected also in Sweden, Australia and Sri Lanka.
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Table 1 : The articles found in the review concerning social learning in construction projects
Authors

Research theme

Method

Data collection
country

Garrick,
(1998)

Informal learning - tensions
between individual and
workplace

Interpretive perspective,
interviews

Australia

Bresnen et
al., (2003)

Social practices and knowledge
management in projects

A case study: semi-structured
interviews

UK

Bresnen et
al., (2005a)

Social capital and knowledge
sharing and creation

A case study: semi-structured
interviews

UK

Bresnen et
al., (2005b)

Organizational routines and
change in project based
organizations

4 cases: comparative analysis,
interviews

UK

Styhre,
(2006)

Learning within and between
projects

50 semi-structured interviews in 6
companies

Sweden

Schenkel &
Teigland,
(2008)

Relationship between
communities of practice and
performance

One case: surveys, semistructured interviews and
company records

Sweden international
company

Forgues and
Koskela,
(2009)

Influence of procurement on the
performance of integrated
design teams

2 cases: qualitative research based
on activity theory; workshops
video, semi-structured interviews

UK - Canada

Ruikar et al.,
(2009)

Role of Community of Practices
on the actual construction
practices

A review and a multiple (3) case
study, interviews

UK (deduced
from the paper)

Senaratne &
Malewana,
(2011)

Learning processes of
construction project teams and
factors that link these processes

2 cases: semi-structured
interviews

Sri Lanka

Hällgren &
Wilson,
(2011)

Extend the concepts of learning
to crises in projects

A multiple case study:
observations, interviews, e-mails,
documents

International
project
organization

4.2 Articles’ perspectives and findings on social learning in construction projects
Here articles are divided based on how they approach learning.
Informal learning. Garrick (1998) studied informal learning of two human resource
development practitioners while they worked at a construction project. It seemed that HRD
(human relation development) practitioners were ignored until they spoke the language of the
organization, understood how to leverage power and when they could demonstrate that they
were worthy for the company. The concept informal learning is heavily influenced by
Dewey. Informal learning was described to be inseparable from dialectical relationship
between social and self. (Garrick, 1998.)
Social capital and knowledge. Bresnen et al. (2005a) studied social capital and knowledge
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within a construction firm. They write that working practices in construction create problems
in mobilizing and using social capital in a project-based setting. The divided work and
tensions in the relationships between site and head office staff, create intra-organizational
boundaries that hinder the advantaged of social capital. Some evidence was found of the
restricting effect of contractual constrains. When looking at social capital as a phenomenon,
authors found that it can have positive and negative consequences for learning. If social
capital is driven by project objectives, the cross-project learning might hinder. In this case
some social networks are reinforced and others forgotten. (Bresnen et al., 2005a.)
Situated learning. Bresnen et al. (2003) studied how social factors relate to enhancing
knowledge management capabilities in projects. They found that the three knowledge
processes: capture, transfer and learning are strongly related to social patterns, practices and
processes. This suggest for a need of community-based approach for knowledge
management. This also means that in capturing a process innovation from a specific team’s
solutions, it might not apply to other circumstances easily. (Bresnen et al., 2003.)
In another paper Bresnen et al. (2005b) studied processes of change and learning when an
implementation of a new management practices is made in a project-based organization.
They look this phenomenon through organizational routines related to project management
practices. Their results suggest that already existing project management practices and
routines have an in-depth effect on the embedded conditions that have an influence on
attempts to diffuse and implement new management initiatives in the project-based
organizations. They claim the need to understand how new practices affect the existing
power/knowledge conditions in the organization. (Bresnen et al., 2005b.)
Peer-based learning. Styhre (2006) analyzed peer-based learning in the construction work
concentrating on temporality and previous experiences in learning. He found that in
construction work, learning happens through practical engagements and while sharing knowhow and experiences with co-workers. He describes peer-based learning as virtual
multiplicity where different resources are brought together by different people and where
individuals participate. Learning about construction work is an ability to form a flow of
events where work roles and objectives are included. In the construction industry
“temporality is already immanent in the learning experience” (Styhre, 2006, pp. 101).
(Styhre, 2006.)
Communities of Practice. Schenkel and Teigland (2008) studied the relationship between
communities of practice (CoP) and performance. They found four CoPs, three of them were
found to improve performance. One of the CoPs had changes in its communication channels
because of a physical move and did not regain the former performance level during the
observation period. They argue that the location of a CoP and the face-to-face interaction in
colocation are important factors in development and function of a CoP. Their research
addresses how sensitive CoPs are to changes in their communication channels. Their results
confirm also that CoP hinders communication flow between communities. (Schenkel &
Teigland, 2008.)
Ruikar et al. (2009) examined the role of CoP within a construction organization. They
address that the interesting question related to CoPs is how organizations can have value
through these communities. They identified from a case the need to motivate individuals to
participate in the CoPs, which would be beneficial for the organization and would confirm
individuals’ professional development. Thus the challenge for organizations is according to
them to reinforce and develop CoPs, not to create them. They argue that to enrich community
leadership should reinforce culture that values individuals and their development while
fostering a feel of a community. CoPs can cultivate and share knowledge. However there is
no one solution, the organizational context is crucial. (Ruikar et al., 2009.)
Social learning. Forgues and Koskela (2009) studied the influence of procurement on the
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performance of integrated design teams. They suggest that traditional contractual
arrangements hinder team efficiency, because it confirms socio-cognitive barriers. However,
they claim that a relation contract is not enough to reduce socio-cognitive barriers. To assist
creation of a shared mental model, new roles and tools are beneficial. Forgue and Koskela
(2009) argue also that integrated team is a new way of working which however requires a
change of context to break boundaries of a team work. They argue that according activity
theory objects are central to social learning process. (Forgues & Koskela, 2009.)
Individual related to team learning. Senaratne and Malewana (2011) studied the link
between individual and team learning in construction projects. They found that the members
of a construction project team need to face problems individually, but from the project
management perspective, members could learn from each other. They also saw that
organizational learning was not well considered in studied organizations. These organizations
were concentrated heavily on individual learning. They also argue that traditional project
procurement is hindering effective team learning because parties’ interests are in conflict.
Especially motivation problems to team learning were found, if individuals needed to go
beyond contractual level. The main argument in their study is that individual level on
learning is central in the learning processes in separated procurement arrangements.
(Senaratne & Malewana, 2011.)
Practice-based learning. Hällgren and Wilson (2011) studied learning from crises in
projects. They were extending the understanding of learning also to crises situations. The
approach took a lot of influence from Silvia Gherardi. They recognized four different
learning opportunities and thus responses relating to crises: mobilization, prioritization,
normalization and responsibility (pp. 209). Based on these findings they also identified five
knowledgeable practices to manage crises: the initial call, maintenance of relative calmness,
assessment of situation and assignment of responsibility, temporary permanency and crises
response teams and debriefings (pp. 213). Hällgren and Wilson come to a conclusion that
learning opportunities from crises are
situated in the temporary and permanent
organizations. (Hällgren & Wilson, 2011.)
5 DISCUSSION
In the found articles the use of social learning theories changed over time. In the early
papers the authors integrated less social learning in the analysis. In the first articles the
purpose of the paper was partly to introduce social learning to readers. In the articles
published later, the concept was understood to be more familiar to readers. For example,
Bresnen et al. in their study in 2003 address the need to study communities, in 2008 and 2009
they published two studies where they used CoP as a an approach. The latest articles were
more acknowledged about multidimensionality in learning process.
Here, the results of the articles are reviewed with the core ideas of social learning theory.
These ideas are presented already in the literature section. The core ideas are: participating,
co-production, becoming a practitioner, power and context.
At first participating: the papers describing team, peers or community learning give some
understanding about participating.
Co-production of knowledge was discussed relating to peer learning (Styre 2006).
Context was discussed relating to contracts (Senaratne & Malewana, 2011) and
organization of teams (Forgues & Koskela 2009). The organizational context was discussed
when embedding new practices (Bresnen 2005b), Schenkel and Teiglan (2008) wrote about
the importance of the communication channels. Hällgren and Wilson (2011) wrote about
crises and the effect of temporary and permanent organization for learning. Bresnen et al.
(2005a) wrote about the separation of project workers and the head office workers.
Community’s effect on learning was discussed by Bresnen et al. (2003).
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Power was mentioned in Garrick’s (1998) work, he claims that power relations shape
informal learning. Bresnen et al. (2005b) noticed that learning processes are embedded in
power relations.
Becoming a practitioner was discussed in Garrick’s work. He described for example a
need for self-regulation. Ruikar et a. claimed that if people participate in CoPs, professional
development will occur.
All of the core ideas of social learning can be found in the articles. However, these core
ideas are not discussed with the whole system of a construction project. For example, coproduction of knowledge is discussed in Styhre’s (2006) article, but only relating to peer
learning. Many of the articles discussed about how the context relates to learning. Still there
is missing studies about colocation and social learning in a construction project. In addition,
different experts’ effect on social learning is missing. Power, becoming practitioner and coproduction of knowledge were mentioned in two articles, but there is still missing studies for
example about how the effect of power changes in alliance contracts. Authors gave more
attention to participation and context, but even these concepts are not fully investigated in
these papers.
If we choose to investigate the studies that have inter-organizational collaboration as their
context, only four articles are left: Styhre (2006), Forgues & Koskela (2009), Senaratne &
Malewana (2011) and Hällgren & Wilson (2011). These articles do not cover the issues of
becoming a practitioner or power. Altogether, only one of these articles was analyzing
especially the effect of a collaborative method on team performance and learning. In future,
collaborative methods in construction projects need more analysis relating to social learning,
because new methods change the dynamics of work and collaboration. To get better
performance from collaborative methods, new ways of management need to apply.
6 CONCLUSIONS
This paper presented the question of how well social learning theories have spread in
construction management research. I searched articles that use social learning theories in the
context of construction projects. Only 10 articles were found with a search engine. Different
kind of search method might give different results, but presumable the amount of the articles
would stay relatively low. Social learning theories have not yet occupied construction
management studies. The articles I found in this research, presented studies that use different
social learning concepts and perspectives. The studies covered something about all of the
core ideas of social learning theory. However, these studies do not explain everything relating
to social learning in construction projects. The core ideas that where less discussed in the
articles were: power, becoming practitioner and co-production of knowledge. Also, the
context of collaborative methods in construction project was studied only in one of these
articles. In addition, some less known analysis concepts from organizational learning within
social constructionist perspective could be used in the context of a construction projects.
These are dialogue (Oswick et al., 2000), listening (Jacobs & David, 2005) and participatory
narrative (Lämsä & Sintonen, 2006).
Karataş-Özkan and Murphy (2010) argue in their article, how it is important to have
alternative paradigmatic perspectives in the organizational learning studies. This means social
learning among other theoretical perspectives is relevant in studying construction projects. It
can give different answers than other perspectives would be able to give. Therefore, it is
necessary to understand how a research paradigm influences to research focus and findings
(Karataş-Özkan & Murphy 2010). Karataş-Özkan and Murphy (2010) suggest for future
research subjects to identify key social processes associated to organizational learning and to
find how inter-organizational learning can be fostered. Within this study some answers are
viewed, but much will stay unknown.
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Abstract. Large infrastructure construction projects last for many years and individuals involved
can only experience a few projects of this magnitude during a lifetime. Therefore knowledge from
other projects and organisations relevant to the current project should be important to integrate,
especially when some project members already possess parts of this knowledge. There is currently not
much literature on knowledge flows between infrastructure projects. Existent research tends to
promote personalised flows but seldom mention what kind of knowledge suits such flows, and what
knowledge should preferably be codified or personalised. The purpose of this paper is to investigate
how a major Swedish infrastructure project collects and integrates knowledge and experiences into its
organisation during the early design phase through an on-going longitudinal case study. Sources of
knowledge were parallel or recently completed Swedish infrastructure projects and to some extent the
public client. Technical issues are mediated both in codified and personalised flows, the latter mainly
through formal presentations and informal contacts. Organisational issues tend to most often be both
transferred and further integrated into the project in personalised flows.
KEYWORDS: Large infrastructure projects, knowledge integration, early phases
1 INTRODUCTION
Major infrastructure projects tend to be described as unique and one of a kind by those
involved, requiring great efforts during planning and early design phases to create the basis
for successful construction that satisfies budgets and deadlines. A survey of management
practices and procurement methods in 15 large and complex European infrastructure projects
showed that the most important increases in cost estimations occurred during the planning
stages (Hertogh et al., 2008), often because of insufficient pre-studies and poor data on
construction costs. This indicates a need to learn from other projects during early phases.
Further, increased involvement of private actors in planning processes of urban, large
infrastructure projects creates challenges for contractual as well as relational capabilities for
public clients (Hartmann et al., 2010; van der Veen & Korthals Altes, 2011). Contracts
become more important and should leave flexibility for learning (Dewulf & Kadefors, 2012;
van der Veen & Korthals Altes, 2011).
The multiple organizations involved in early design of an infrastructure project will
influence the project organization and routines, even though the client is likely to dominate.
Project members can only experience few major projects during a lifetime, which limits
possibilities for first-hand knowledge. Therefore knowledge from other projects and
organisations relevant to the current project should be integrated, especially when some
project members already possess parts of this knowledge. Knowledge could be routines that
project members perceive would benefit the project if implemented or experiences from
previous disastrous projects.
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There are benefits to learn from others, whether they are colleagues or external parties.
Invisible and intangible assets in the form of e.g. knowledge, abilities and reputation have a
central role in organizational effectiveness and are often created in external relationships.
Håkansson & Snehota (1989) therefore claim that the effectiveness of an organization is
based on its interactive behaviour. In a project context it is important to maintain a network
with project members and external actors that can affect the project, other beneficial contacts
would be those with similar experiences of projects.
Most large road and rail infrastructure projects in Sweden are at least partially initiated by
the same public agency, so baseline conditions in projects should be similar, but practices
vary depending on involved actors and project characteristics. The purpose of this paper is to
investigate how a major Swedish infrastructure project collects and integrates knowledge and
experiences into its organisation during early design. The purpose is translated into three
research questions: (RQ1) What kinds of sources external to the current project organisation
are knowledge and experiences transferred from? (RQ2) In which formats are what kinds of
knowledge collected? (RQ3) How is this input further integrated into the project?
2 THEORETICAL FRAMEWORK
2.1 Knowledge and transferring knowledge
The flow of knowledge between actors can be either codified or personalized. Codified
flows of knowledge are often composed of explicit knowledge such as manuals, databases or
guidelines, this knowledge is often formalized and possibly removed from its original context
(Zack, 1999, Nonaka & Konno, 1998). Personalized knowledge requires individuals to
transfer information and experiences to others and thereby share tacit knowledge. Tacit
knowledge is often considered subconsciously understood and difficult to articulate (Zack,
1999) while it includes insights, intuition and hunches (Nonaka & Konno, 1998).
Personalization requires that individuals have the possibility to get together and develop
interpersonal networks, supported by a system that allows people to find each other (Sense,
2008).
Benefits of maintaining a network are information and control (Burt, 1993). A valuable
network should provide a wide range of useful and non-redundant knowledge to the central
organisation or project. Burt (1993) proposes a design with structural holes, i.e. nonredundancy between contacts in a network, meaning that two contacts do not provide the
same set of information from the same source. By arranging a network with structural holes a
wider range of knowledge becomes available to the central actor.
In a literature study of IT implementations Sense (2008) found that exploitation of existing
knowledge as well as exploration of new knowledge may be achieved when attending to both
codified and personalized knowledge flows. When not considering personalization flows,
exploration of knowledge may be absent. Additionally, exploitation and efficiency of IT
implementation were diminished. This is coherent with ideas that tacit and explicit
knowledge need to interact in order to create new knowledge (Nonaka & Konno, 1998).
2.2 Knowledge in projects-based industries
Research comparing project-based industries has shown that knowledge and experiences
from projects are not systematically integrated into the central organisations (Schindler &
Eppler, 2003). Formalised learning is also lacking between projects in the construction
industry (Dubois & Gadde, 2002). It has been explained by the fact that knowledge is not
easily diffused since projects often are differentiated spatially, temporally or culturally
(Sense, 2008).
Knowledge management and organizational learning in project contexts is challenging and
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a consequence is that social processes play an important role in the diffusion of knowledge
and learning (Bresnen et al., 2003; Styhre et al., 2004), as do communities of practice and
learning by doing (Styhre et al., 2004). In a project case study Bresnen et al. (2003) found
that personal networks for assessing knowledge, discussion forums and engineers moving
between projects were perceived as the main mode of cross-project learning. However, most
significant was shared meaning and understanding of issues considered important. The same
case study confirmed the importance of strong network ties for sharing tacit knowledge and
non-redundant weak ties for accessing explicit knowledge from elsewhere.
New arenas drawing upon social interactions to bring various professional groups together
are suggested to improve joint learning and use of intellectual resources in projects (Styhre et
al., 2004). Organizational routines are another suggestion for collective know-how from
earlier projects to become embedded into everyday work in current projects (Julian, 2008).
Routines provide a formal mechanism for lessons learned practices and can also improve
project methodologies and templates (Julian, 2008).
But contrary to much research prone to illustrate projects as standalone, unique
endeavours, they are in reality history dependent and organizationally embedded (Engwall,
2003). Apart from defining projects according to technical aspects of scope and complexity
as traditionally done, also institutional societal factors such as uniqueness and legitimacy
have been claimed to affect project success, factors strongly related to experiences,
established practices and values of project members (Engwall, 2003). However, project
members will not have the same previous experience, implying that differing and possibly
contradicting knowledge or insights exist.
There seems to be great difficulties for projects to bring in knowledge from outside the
project, both in codified and personalized forms. Turning successful experiences into routines
and further development of socially oriented methods to retrieve knowledge is advocated in
literature as solutions. There is however little up to date research on the state of knowledge
transfer and learning initiatives, intentionally or intuitively, in the Swedish construction
industry.
3 METHOD
To identify how knowledge and experiences from other projects are integrated into a
currently on-going project a case study was conducted. The object of study was the West
Link project, a major railway tunnel project in its early design phase. A case study is suitable
for illuminating specific issues and clarifying the deeper causes behind a given issue
(Eisenhardt & Graeber, 2007; Flyvbjerg, 2006) and can be used to “retain holistic and
meaningful characteristics of real life events” (Yin, 2009 p4). A longitudinal case study
approach was adopted to capture evolving processes and better perceive (evolving)
understandings of participants.
The primary empirical basis is non-participant observation, project documentation and
short informal interviews about current events during observation visits. Approximately two
hundred hours of observations of project meetings and seminars have been conducted since
October 2011 and the study is still on-going. Observations include a half-day information
seminar for prospective bidders, meetings and seminars regarding relationship development,
client top management meetings, client design group meetings, consultant assignment
meetings with the client and internal consultant meetings. Field notes were written on a tablet
during observations and later studied together with meetings minutes. The documents were
analysed to identify referrals to external parties or events that had an impact on decisions
affecting project organisation or routines. The reasoning of project managers when explaining
decisions about design organisation and referring to external “inspiration” to inform choices
have been documented. The organisation of the design process is observed continuously to
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identify how practices unfold.
4

THE WEST LINK PROJECT

The 2 billion euro West Link Project are supposed to increase train capacity for
commuting and is part of a substantial regional investment in infrastructure development in
Western Sweden. In 2001 a pre-study was initiated and in 2007 a so-called Railway Study
(according to the Swedish model as seen in Figure 1) presented the alternative of an
underground tunnel with three city stations as the preferred solution. In 2010 the proposal
received funding and the governmental client established a project to perform the following
early design phase, named the Railway Plan phase. This phase consists of settling in detail
what corridor the new railway line will follow, and of producing related Design development
and Railway Plan documents.
Conceptual
study

Preliminary
study

Railway
study

Railway plan

Detailed
design

Construction

Figure 1: The Swedish model for infrastrucure development, the investigated Railway Plan phase is highlighted

4.1 The client
The client is the Swedish Transport Administration (STA) that is a newly restructured
public authority currently implementing numerous initiatives into its central organization and
projects. There is an internal STA development project encouraging more reflection and
creativity on the part of consultants in finding optimal solutions. An important aspect is to
avoid premature closure by dividing design work into three stages: a planning stage, a sketch
stage where different alternatives are explored, and a design stage where selected options are
elaborated more in detail. Another initiative is a Swedish partnering model called Increased
Cooperation (IC) that is currently implemented in most large projects within the STA. IC
most often implies that workshops for relationship development are held, where parties agree
on a collaboration declaration expressing joint goals, formal processes to follow up the goals,
and contractual incentives and bonuses to support collaboration.
These initiatives were contextual conditions influencing the emerging West Link project
organization. Also important was that the project was large in relation to the local
engineering consultancy market as well as STA’s in-house capacity, and availability of
competence and resources was therefore a crucial aspect to consider.
In 2011 preparations for the Railway Plan phase started with a budget of about 100 million
euros. Engineering consultants were continuously contracted during Spring 2012. In 2012
main tasks have been to create a time plan for deliveries, to make an inventory of existing
conditions of the Gothenburg soil and structures, and initiate investigations of alternatives in
the sketch phase.
The client project organization in the West Link Project, hereafter referred to as the client,
consists of about 30 employees. Staffing and the schedule for appointing new members
depended partly on another nearby large infrastructure project in its completion stage, which
successively released skilled employees to new projects.
4.2 The design organization structure in the West Link project
The constellation of consultant assignments was structured as two interdependent and
partly overlapping blocks: the development of Installation Requirements and Prerequisites
(IRP) and Design development (see Figure 1). The eleven IRP assignments were divided
according to technical disciplines such as Geotechnology, Traffic and Rock Technology
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while the three Design development assignments were divided according to project
geography: the three stations of which one also included responsibility for the Line and
Connection points, and a Coordination assignment that supervised the output from both
groups.
The setup of the project was that the IRP assignments should make necessary
investigations and develop models of the existing conditions in Gothenburg, for example the
Rock Technology assignment made a rock model and the Line Shifts assignment made an
inventory of wires and drains within the area where the tunnel could be placed. This
information should be delivered to the Design development assignments that would be
drawing up early designs and formulating the documentation to be handed in to the
government for approval. The main delivery fora for such reports, drawings and models were
various IT portals and systems with separate logins and guidelines.

Figure 2: The consultant assignments: Installation Requirements and Prerequisities (IRP) and Design
development (grey boxes)

5 TRANSFERRING KNOWLEDGE TO THE WEST LINK PROJECT
Several ways of knowledge integration and learning could be identified in the West Link
Project. First, knowledge was frequently brought in from earlier phases of the project, from
past experiences of client and consultant participants, or from other STA projects. The kind
of information retrieved also varied. The experiences communicated in the Coordination
assignment and client top management groups was more often related to processes and
routines, especially how to create new ones. In other consultant assignments collected
knowledge was more often related to technical topics.
Although most shared knowledge was related to other projects or phases also other forms
were used. Common was to use realistic future scenarios in the project and make hypotheses
about possible, sometime worst case, outcomes. Another way to mediate experiences, at least
in the client organisation, was to refer to customs in one’s own former roles as a contractor or
consultant. Anecdotes from good or bad experiences in old projects were shared. For example
one client member could comment starting with “I, as an old contractor, would see that
something was missing in the planning documents and know that claims could be made if
winning the contract”.
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5.1 Knowledge retrieved from earlier phases
The most obvious information to retain from earlier phases was old reports and
documents. These were publicly available on the client home page because of the Swedish
principle of public access to official records. They were also available through an IT portal
set up by the client. When the hypothetical issue of late deliveries from the IRP assignments
to the Design development assignments was raised, the previous phase was often referred to.
The material originating from it was considered good enough to keep the Design assignments
busy until the IRP assignments would catch up to possibly belated deadlines.
Tacit knowledge was continuously retrieved from the client and consultant members that
had been engaged in the previous phase (and even earlier phases) of the project. In the
client’s design team, three persons had been client and consultant representatives in the
Railway Study phase. There was also a member in the Coordination assignment who had
been involved in the West Link project from the very beginning. Because of their central
roles Railway Study information could easily be communicated at official presentations, and
when the Coordination assignment was present at others’ assignment meetings.
In meetings, these people were on occasion asked questions or spontaneously brought up
information. Especially early on in the project they contributed with information originating
from earlier phases. However, during a meeting in November 2012 one of these members
said that he felt things were moving on because they had stopped discussing topics touched
upon in the previous phase and moved on to subsequent steps.
This behaviour of sharing information and anecdotes from previous phases is probably
quite common within the consultant assignments as well, since several firms had been
contracted for previous phases in the West Link project, or have recruited employees from
these firms. One example is one influential former client project member that now is working
in a consultant assignment with no direct contact with the client project organisation. He was
observed asking generic background questions in discussions of technical issues at an internal
consultant meeting. He told the author afterwards that he does this to remind people of why
they are designing this infrastructure, so that they do not solely focus on how.
Almost all observed references to earlier phases were related to outcomes and technical
issues, and not to organisational. One exception was when a client member mentioned during
a meeting that there had been Increased Cooperation initiatives in the beginning of the
previous phase but that it came to nothing in the end, pointing out the possibility that the
same could happen in the Railway Plan phase. He was however reassured that it was
improbable and that more efforts were put into it this time.
5.2 Knowledge retrieved from other projects
Formal organised efforts aimed to inform as many project members as possible. At an
early seminar for the IRP assignments representatives from three STA projects were invited.
Two from the recently finished railway tunnel “The City Tunnel” in Malmö, one from a
railway tunnel in the city of Stockholm currently being constructed, “The City Line”, and two
from a road project slightly further along in its planning phase, “The Stockholm Bypass”. The
focus given to the invited speakers was experiences with regards to Requirements
Management. They were carefully instructed by the Coordination assignment, who were
arranging, not to bring up any of the usual generic information project members love to
present, but to stay on topic.
What caught most attention was that some, seemingly simple, requirements for station
maintenance had been missing in the documents in the City Tunnel. For example, a door with
a frequently bugging alarm system was difficult to remedy since five suppliers had been
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involved in material supply or assembly, leaving no one willing to take responsibility for the
malfunction.
What created interest from the Stockholm bypass was the volume of requirements and the
rework made. That project had developed more than 1000 requirements early on in the
process and scrapped most of them in a restart, thereby reducing them to a few dozen. Now
the project estimated to end up below 1000 requirements altogether after the finalized
requirement development process. The restart was decided because of the future difficulty to
validate fulfilment of the potentially enormous volume of requirements. Members in the West
Link client organisation would later on, on several occasions, remind themselves that they
wanted as few requirements as possible, with clear instructions of in what phase in the project
these were to be validated.
There was also formal, technically oriented knowledge exchange from other projects. One
presentation by a representative from the Götatunnel, a road tunnel that was built in
Gothenburg some years earlier, focused on the soil conditions in Gothenburg and technical
solutions chosen for that tunnel. This presentation was included in the kick-off event arranged
by the client for all consultants. An explicit standpoint in the client organisation was that they
preferred to invite speakers to present rather than to arrange study trips, at least when the
information could be of interest common to several consultant assignments. There was a
concern that study trips would be made just for the routine of conducting such trips, so there
should be a primary focus for each trip and the consultants involved needed to follow client
guidelines.
Somewhat formal personalized knowledge transfer from other projects took place on
client-consultant assignment meetings in the West Link project, e.g. through members who
were employed in two parallel projects. An example is an organisational routine inspired by
the Stockholm Bypass that was introduced by the Coordination assignment in the end of
2012. It was a Question&Answer section for general questions that was basically copied
straight off and integrated into one of the project's IT portals. Such simpler managerial
templates, as the Q&A, were reasonably easily adopted and spread to project members in an
explicit manner. As contrary to more extensive organizationally related routines, where
external input also could be integrated, it existed but were not mentioned except for when
creating them.
Further, recruitment of individuals from recently finished projects was often referred to as
bringing in knowledge from the specific projects, this was mentioned both when bringing in
STA employees or consultants for short term gigs in the client project organization.
Informal exchange of technical expertise was arranged by individual consultant
assignments. For examples, participants in the Rock Technology assignment had lunch with
an expert who had useful information from other projects. This was a consultant initiative but
their client representative was informed beforehand and had approved of it. Pure facts e.g.
coordinates for drill-holes in other projects, were simply retrieved in a codified manner if
possible and integrated into the West Link working material.
5.3 Knowledge retrieved from the client organisation
Several learning processes were created as the project was required to implement
initiatives and tools requested by the STA centrally. For example, the STA have had good
experiences of co-location in IC initiatives in other projects (historically IC has mainly been
used in contractor relationships) and projects are supposed to rely on specific IT tools.
Consultants were expected to have representatives from their top management in the client
premises three working days each week. This was initially not implemented since the client
had a planned change of offices in September 2012. By October the client started requesting
that the consultants should show up since the “corridors are empty”, but there was no
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immediate reaction. Rather, the client organisation started to reconsider this demand after
receiving questions if they really wanted the assignments' project managers to work separate
from their teams during the majority of a work week. This view was also expressed during a
conversation the author had with an IRP assignment project manager. He did not consider it
reasonable to be away from his crew “that much”.
A member from the client central organisation attended a client project meeting and
guided them through how to log risks in an IT system. During this session several project
members claimed that they gained a better understanding for how to use the tool and how to
estimate a cost range for potential risks.
5.4 Summary
Three main sources for collecting knowledge outside of the current project phase were
identified: from earlier phases of the project, from other major infrastructure projects and
from the client organization. There were personalized and codified knowledge flows from
each of these which are briefly presented in Figure 2. Codified information that was used was
almost always of a technical character. Written down managerial and organizational routines
from external sources were not noticed, apart from the Q&A template, during the case study.

Figure 3 Sources of knowledge affecting the project, dotted arrows indicate sources the project could affect in
turn

The other projects that the West Link project collected knowledge from, on both official and
unofficial occasions were from a limited number governed by the STA. All but one had
already finished the early design phase (Railway Plan or Road Plan phase) and two of them
were finished altogether. Even though it is outside the scope of this paper it can be noted that
only two of the sources were possible for the West Link project to affect in turn for
suggestions or warnings of practices in early design, the Stockholm Bypass and the client
STA.
6 DISCUSSION
In line with Sense (2008) and Bresnen et al. (2003), social aspects of knowledge transfer
were identified in the West Link project. Invited speakers, study trips, spontaneous interposes
during meetings and co-location are examples of personalized knowledge exchange in the
project (Zack, 1999).
Personalized knowledge from previous project phases was infrequent, probably because
there were a limited number of individuals possessing such knowledge. However, because of
their central roles this input was available to those responsible for creating routines. Still, no
systematic or general dispersing of such information was noticed. On the other hand, codified
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information from earlier phases could easily be found, e.g. in the form of Railway Study
documents (Zack, 1999, Nonaka & Konno, 1998). Because of the easy accessibility all
consultants were presumed to be aware of the codified information and it was considered
sufficient in most cases.
The conscious efforts to learn with the help of input from similar projects and external
knowledgeable individuals were frequent, but from a limited number of sources. Restrictions
in study visits and presentations of other projects can be seen as a measure to avoid redundant
relationships. A figure showing the network of formal project knowledge exchange would
involve four other nodes consisting of other projects. If changing the view to the individual
level there would be numerous relationships with the same projects, leading to information
that would be redundant in some sense (Burt, 1993). The links would however be changing
with time since different aspects are of interest depending on the status of the project. A
difference in temporary project organisations compared to more permanent organisations is
that external links cannot be controlled to the same extent. This possibly gives the client less
control than desired, but on the other hand opens up for more opportunities of knowledge
exchange.
The implementation of routines inspired by other projects, such as the template for Q&A,
supports the view that successful practices spread as organisational routines (Julian, 2008).
Even though the other project was not finished, the idea and format were perceived as useful
to handle odd questions and was imported.
There was less personalized information from previous phases and the mediated
information had a technical character. There could have been gains in exposing consultants
early on to personalized knowledge flows from the earlier phase (Bresnan et al, 2003),
including some tacit knowledge about working in that phase regarding handling external
actors and managerial routines, since the client organization had frequent input about this that
affected their understandings of the project and at least subconsciously were considered in
decision making. If consultants would have been given the same personalized information, a
more complete project spanning understanding could have been achieved, promoting even
better cooperation, avoiding extended debates and increasing understanding of decisions.
7 CONCLUSIONS
The first research question concerned what sources projects mainly collect knowledge
from. Input was generally collected from a small collection of similar projects, preferable ongoing or recently finished, using a number of knowledge flows or links, to some extent
redundant (Burt, 1993). Several links were easily accessed through project members that had
previous or concurrent employment in other projects, including previous phases of the
project. Further links were created through formal activities of knowledge integration
arranged by project members with coordinating functions as well as through informal
initiatives further down in the hierarchy.
Interestingly but maybe not surprisingly, all reference objects had the same public client. It
should however not have been much more complicated or expensive to invite speakers from
neighbouring countries’ projects for input on either organisational or technical issues.
Reasons for not doing so could be that bases of organizing and routines are the same in
national projects, perceiving experiences more easily applicable and presumably also more
comprehensible.
The second research question asked what knowledge is shared in a codified manner and
what is shared more personalized. Much information, organisational or technically oriented,
was shared in a personalized manner on both formal and informal occasions, making use of
social arenas (Bresnen et al., 2003; Styhre et al, 2004). Formal initiatives were occasionally
accompanied by codified information most frequently technical, but not necessarily at that
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time (e.g. minutes were later uploaded to IT portals).
Lastly, how was knowledge further integrated into the project? In general it seems that
technical knowledge was often retrieved or translated into codified forms, independently of
whether it was collected in a codified or personalized flow before being distributed within the
project. Organizational experiences were more tacitly received and integrated. Such
knowledge was maintained in social, personalized flows and project members reminded each
other of useful stories; attempts at codifying these were at least during the initial part of the
project unsuccessful.
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Abstract: Construction industry is generally considered as a traditional project-based industry. This
traditional nature reflects on management and organizational aspects. As time passes, new challenges
and opportunities arise and call for change and improvement. Improving efficiency and effectiveness
of construction projects is a topic that has gained importance in the construction industry. There are
several ways to achieve this improvement. One way to look at this issue is from the learning
perspective. This paper focuses on the role that knowledge sharing and learning can have in carrying
out construction projects efficiently. Projects are considered as being unique and temporary. This
description may pose a question mark on the relevance and necessity of learning and knowledge
sharing in project environments. This paper discusses this issue by using relevant theories and
research work. Also, this paper looks at the informal, incidental nature that is related to knowledge
sharing and learning, and describes how this informal nature can influence the learning process in
the construction projects. It also points out challenges related to achieving benefits from this informal
nature of knowledge sharing. The main purpose of this paper is to highlight knowledge sharing and
learning possibilities that can be captured and utilized in construction projects, and in this regard
address the informal nature of knowledge sharing and learning in construction projects. This paper is
based on studies of qualitative nature.
KEYWORDS: Informal systems, Incidental learning, Knowledge sharing, Construction
projects
1 THE ROLE OF LEARNING IN THE CONSTRUCTION INDUSTRY
Learning and knowledge sharing play an important role in modern organizations
including project organizations that are aimed at constructing buildings. Learning and
knowledge sharing can lead to several benefits. One of the benefits is increasing productivity.
In their book called "More or less – A contractor's guide to improving productivity in
construction", Horner & Duff look at productivity from, among other things, a client's angle
(2001, page 8-9):
"From a client's perspective, higher productivity leads to lower costs, shorter
construction programmes, better value for money and a higher return on investment. If
we take a typical £5 m project lasting 12 months, an increase in labour productivity of
25 per cent would reduce the time of construction by about 2.5 months (10 per cent),
and the costs by £3 k (six per cent), assuming that labour accounts for 30 per cent of
the total cost, and the contractor's profit margin remains unchanged."
Productivity can also be looked at in connection with eliminating or reducing rework.
Love (2002) says that according to reports, the cost of rework in Australian construction
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projects was up to 35 % of total project costs and contributes to around 50% of a project's
total overrun costs.
Another benefit of learning and knowledge sharing is innovation. In his book called
"Construction project management – An integrated approach", Fewings (2013) says that
challenges and opportunities for change – caused by rapid pace of change in markets and in
the world general, including globalization – demand innovation, and learning is one of the
significant means to accomplish innovation.
These benefits, mentioned above, points out the importance of focusing on the topic
of learning and knowledge sharing in construction projects. This topic is vast and includes
many aspects. In this paper, we shall mainly look at the role of informal, unplanned,
incidental nature of learning and knowledge sharing in the building construction industry. In
this regard, we shall present relevant theories, the research method that we adopted, and
reflections on the research results. Finally, concluding remarks wind up the whole discussion.
2 THEORETICAL BACKGROUND
Here, we shall present relevant theories as well as a framework (three perspectives)
that is used in discussing the study associated with this paper.
2.1 Knowledge and learning
There are several definitions of knowledge management. In this paper, we shall
consider the following definition, given by Davenport and Prusak (1998, page 5):
"Knowledge is a fluid mix of framed experience, values, contextual information and
expert insight that provides a framework for evaluating and incorporating new
experiences and information. It originates and is applied in the minds of knowers. In
organizations, it often becomes embedded not only in documents or repositories but
also in organizational routines, processes, practices and norms."
As we see it, learning is a process through which the knowledge is acquired or developed.
When it comes to informal and incidental learning, Marsick and Witkins (1990, page
6-7) say that this kind of learning is "learning outside of formally structured, institutionally
sponsored, classroom-based activities". Hager (2004, page 49) defines informal learning as
"the daily actions of making contextual judgments". Some of the informal arenas for
knowledge sharing in organizational settings are coffee-break and lunch-break.
Now, we shall describe how the concepts of knowledge and learning are related to
project organization. In this regard, we shall first look at important characteristics of projects
with respect to knowledge and knowledge sharing.
2.2 Uniqueness
A project can be seen as a set of tailor-made activities that are aimed at producing
expected results. These activities range from standard to unique. If we consider projects as
individual wholes, the degree of uniqueness associated with a project can vary from project to
project. Some projects incorporate a high number of unique elements, whereas some other
projects include a considerable amount of repetitive elements. However, there is always some
amount of uniqueness associated with projects because of, among other things, different
contexts, tasks and / or stakeholders. Uniqueness can also emerge the way known elements
are connected. Cleland (1998) too, in his description of project, considers uniqueness as a key
characteristic of a project; creating something valuable to the enterprise that is not currently
in existence, but is needed to be created. Thus, projects become a different type of work other
than ongoing mass production that is of repetitive nature.
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Uniqueness associated with projects would pose a conceptual question with regard to
knowledge sharing and avoiding reinvention of the wheel: If projects are unique, then there
will be possibilities of invention, not reinvention. In that case, to what extent can we make
use of existing knowledge? How is it possible to have a need to reinvent something in a
unique work setting? In such condition, what relevance or sense does it make to sharing
knowledge?
Though projects are, per definition unique, the degree of uniqueness however varies
from project to project as well as within the project itself. For example, there is a difference
in degree of uniqueness between a conventional building construction project and an
organization-change project. Even in projects that are enriched with more unique elements,
there do exist known elements. These known elements can take the forms, such as subtasks,
work methods, technologies, ways of thinking and sense making. It is to be noted that if a
project is considered as highly unique, it does not necessarily mean that all of its tasks or subtasks are unique. There can be some kind of similar patterns of tasks or situations tend to
appear in project settings. Meredith et al. (2000, page 12-13) say
"The fundamental similarities between all sorts of projects, be they long or short,
product- or service-oriented, parts of all-encompassing programs or stand alone, are
far more pervasive than are their differences."
Love et al. (2005) also point out that even projects are unique, they have similar /
known patterns of processes that can be carried out by making use of the knowledge that has
derived from previous projects. Brady et al. (2004) too suggests utilizing prior project
experiences in current or future projects in order to develop project capabilities.
2.3 Temporary organizations
Turner (1999), in his definition of a project, emphasizes the following features of a
project: Uniqueness, novelty and transience. The last feature, transience (or temporal nature
of project) is focused in the description of a project, given by Kreiner. He, based on Bryman
et al. (1987), and Lundin et al. (1994), says
"(Projects) are not the product of slow historical development, nor are they destined to
become institutions in their own right. Projects are discretely and consciously
designed and planned organizations, and they are designed and planned against a
fixed time horizon, i.e., they are temporary organizations." (Kreiner, 1995; page 335)
Packendorff (1995), Söderlund (2002) and Turner et al. (2003) are also considered projects as
temporary organizations.
Projects, as temporary organizations, may not inherently have adequate focus on
remembering and preserving valuable knowledge that they obtain during the course of the
work. Once the project is over, then the work system will be dismantled and the project
participants go back to their own organizations / situations. A project participant who gains
particular knowledge in one project may not work in future projects where the knowledge is
needed. If that particular knowledge is embedded in the participant’s mind and if it can not
be shared to others through direct communication or registered in reports or other formal
systems, then the knowledge will probably not become available for the future projects, and
hence the wheel may be reinvented in the future projects.
Reich (2007) says, that whether or not projects are considered as temporary
organizations, there is considerable amount of knowledge processing is involved in projects
(specifically transformational projects, in which teams of individuals from diverse
organizations with different specialist knowledge work together under time and budget
constraints to produce a new product, process or service), and there is a need for team
members individually and collectively to learn new knowledge, share their knowledge to
370

Anandasivakumar Ekambaram, Hans Petter Krane

others, and create new shared understandings at the right times and for the right cost. As the
shared knowledge can reduce the occurrence of reinventing the wheel in the current project,
the new knowledge can be used to avoid reinventing the wheel in future projects. Reich
(2007, page 6) further says,
"[…] Leseure and Brooks (2004), who started with the hypothesis that project
management and knowledge management are conflicting paradigms, reached the
conclusion that “project management and knowledge management can only go handin-hand.”"
In addition to the conceptual link between project management and knowledge
management, he provides also empirical evidence to the link (Reich, 2007; page 7):
 Yoo and Kanawattanachai (2001) tracked the progress of 38 virtual project teams and
found that project success was strongly influenced by each team member’s knowledge
of other team member’s areas of expertise and by the team’s ability to harness this
knowledge to achieve the project goals.
 A study of 133 projects (Tiwana, Bharadwaj & Sambamurthy, 2003) reported that the
level of knowledge integration within the team was more important to project success
than a pre-existing positive relationship between business and IT.
Knowledge that is gained by an individual in a project can be utilized in new projects either
by assigning the same individual to work in the projects, or assigning the individual to work
with other organizational members, so that the individual’s knowledge can be shared with
others. In this manner, unnecessary rework can be avoided in project settings.
2.4 Theoretical framework
This paper applies 3 perspectives (Ekambaram, 2008) to look at the topic of informal
knowledge sharing in the case project. These perspectives provided a framework to structure
the study that is associated with this paper.
 Information perspective: This perspective focuses on sources of knowledge, in
other words, availability of information on existing knowledge sources. Searching
to find the required knowledge and facilitating the search are important knowledge
activities that contribute to the success of making use of existing knowledge.
 Behavioral perspective: This perspective deals with project participants’ attitudes
towards sharing and obtaining knowledge. Projects are often conducted by
individuals from different disciplines and / or different organizations. Different
disciplines and different organizations have their own work culture. Furthermore,
projects can also be of multinational nature. Hence, project participants may have
different ways of looking at the reality and the project that they are involved in.
Their understanding of the reality might be developed by their continuous,
ongoing interaction with their own work cultures. These socially constructed
structures of perception, interpretation, attitudes and behavior can influence
obtaining and sharing of existing knowledge in project settings.
 Systems perspective: Systems perspective is about ensuring that the existing
knowledge is suitable / applicable to the current project setting. This perspective
tries to create holistic understanding of projects and of the existing knowledge /
solutions. In this regard, the perspective focuses on contextual elements;
contextual elements as information about the work environment as well as
knowledge about how to interpret the existing knowledge, especially in a new
context. It is relevant to note what Fernie et al. (2003, page 184-185) say in this
regard that "knowledge is frequently embedded in context such that an
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understanding of the ‘host’ and ‘receiving’ contexts becomes central to any
knowledge-sharing endeavour."

3 THE CASE PROJECT AND THE RESEARCH METHOD
This study is of qualitative nature, and is based on a building construction project in
Norway. This project was considered as the case for the study associated with this paper.
The building (the result of the construction project) provides welfare related services
by a city municipality in Norway. Construction of this building took about 1 year. Total area
is 2742 sq. m., and it cost 70 million NOK.

Proprietor

Operative project manager

Technical consultants

Kitchen user

Main contractor

Tool supplier

Architect

Technical solutions

Refrigeration

Electrical

Diverse suppliers to the
proprietor

Ventilation, water and sanitary

Alarm

Etc.

Figure 1: Participants of the project

The organizational chart that is shown in Figure 1 mainly presents the reporting
system or a formal information structure. In this respect, the chart also reflects the contract
structure. However, there were informal communication and cooperation. There was a close
cooperation between the operative project manager, kitchen user and the main contractor.
Communication among them was remarkably good according to the operative project
manager, and these participants created an informal information structure that became a
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deciding factor in accomplishing activities that could range from solving individual
challenges / problems to ensuring the efficiency of carrying out the project as a whole.
The operative project manager and the kitchen user had already worked together in
other projects. Their earlier acquaintance with each other made them to help and guide each
other in this (case) project.
The city municipality, of which the kitchen user is a part, and the tool supplier had
close contacts and worked together in very good terms. These two participants had already
established good cooperation between themselves before this project. Tool supplier had been
supplying products to the city municipality for a long time. They had agreements with the
municipality that were separate from and independent of the agreements connected to this
(case) project.
When it comes to the research method, semi-structured interviews were conducted in
order to collect information. Ten persons were interviewed including the operative project
manager, the main contractor, the architect and other contractors. In addition to interviews,
documents from organizations that had been participated in the case project also looked at.
4 THE INFORMAL, INCIDENTAL NATURE OF KNOWLEDGE SHARING
Here, we would like to present and discuss about two visits made by the project
members; to Denmark and to a nearby local county in Norway. Though there were many
visits that were associated with the conduct of the project, these two visits received a notable
attention among the project participants in relation with knowledge sharing.
The visits
In the very beginning of the project, during pre-project phase, the architect was
working closely with a person from the city municipality. This person from the municipality
happened to know a Danish man who was working in a facility similar to the building that the
case project revolves around. The person from the municipality, who played a major role in
making preliminary ideas and design of the case project in its pre-project phase, decided to
contact the Danish person with the architect, in order to get some understanding about the
facility in Denmark; especially to obtain knowledge about functions and layout of the facility.
The architect described the traveling to Denmark was highly worthy, since he had not
had any idea in the very beginning of the project about his possible contribution to the case
project. As he puts it, he was blank at that time, and the visit made him to gain knowledge on
working with the architectural construction (of the case project).
During the visit to Denmark, these two project members form Norway observed and
looked at the facility in Denmark, and talked the Danish person (managerial position) and
other workers there, regarding the characteristics and functions of the facility. They noted
down the valuable information from the observation and discussion. They, then, tried to form
sketches about a possible layout of the building that was to be built in Norway.
Here, personal contacts gave the opportunity for the project participants to know
possible knowledge sources. Their visit to Denmark provided them the knowledge that could
help them to move on to the next stages of the project.
Another notable visit in relation with gathering knowledge was to a nearby county.
The main contractor had the information about another facility in this county that is similar to
the building connected to the case project. The main contractor, with other project
participants including the operative project manager, and the architect went to this county and
looked at the facility there and solutions applied there. During the visit, through observation
and discussion with the people at the facility in the county, they obtained knowledge
regarding solutions that they could use in the intended construction of the building –
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especially technical solutions. They gained not only the knowledge of what they should do,
but also what not to do.
Obtaining information and knowledge on the facility at the county was accidental,
according to the main contractor. Further more, he says that if the facility is somewhere far
away in Norway, then it might not be possible for them to go there and study the facility over
there.
We shall look at these two visits with respect to the 3 perspectives. Seeing from the
information perspective, it is obvious that the participants of the case project made use of
information on potential knowledge sources and thus carried out their visits. Obtaining this
information seems accidental and is through personal contacts. Personal contacts can
facilitate sharing of valuable information in many ways including in an accidental manner.
Social networking seems, in this regard, an important means to facilitate creating an arena for
sharing information on sources of existing knowledge.
Organizational members can gain or update their information on knowledge sources
through many ways and at any time. This information can not always be made available to
other potential knowledge seekers through formal systems. There can be several reasons for
this. One reason can be that the individuals who know information on knowledge resources
(or who have recently become known to information on knowledge sources) may think that
this information is not important enough to distribute through formal systems. Schindler et al.
(2003) points out this kind of behavior as wrong modesty. Informal atmosphere in
communication and social networks can facilitate sharing of information, and this informal
atmosphere could be considered as trivial. Another aspect in informal communications /
systems is the possibility of having a high degree of openness between knowledge seekers
and knowledge providers. Through informal communication, these individuals can be
comfortable enough to open up themselves to say what sort of problem they have and what
sort of knowledge that they need. Social networking and informal communication can
therefore foster sharing of information on knowledge sources (Fernie et al., 2003).
The visits also touches upon the elements related to both behavioral and holistic
perspectives.
Let us first look at the visits with respect to the behavioral perspective. When two sets
of people (people from Norway and from Denmark) who can have different sets of
assumptions, beliefs, and attitudes as well as varying degree of understanding of a concept
(the concept of the building facilities) meet and discuss about the concept at the place where
the concept is materialized as a tangible exhibit, then the meeting tends to create some
positive effects.
Mental models of the two sets of the people can be communicated and exchanged
effectively, since the tangible exhibit (the facility similar to the building that was to be built)
is situated in front of them as a source of reference and knowledge. In addition, the cultural
aspects (assumptions, beliefs and expectations as well as corresponding preparation, etc.) that
influenced the construction and functioning of the facility can be conveyed and understood as
these people observed the facility and its operation. By looking at the facility and discussing
about it, can lead the involved individuals to create a shared system of meaning. This shared
system of meaning can facilitate knowledge sharing, including the tacit elements attached to
it (Bresnen et al., 2003).
Now, we shell look briefly at the visits from the systems perspective. When you
witness a system (for example, the facility in Denmark) in its operation, you become to know
the dynamics of the functions and the workers’ behavior. You get to know what elements
take part, how they interact with each other and how they contribute to effective functioning
of the system. This would give you a holistic understanding of the following:
 The processes involved in the functioning of the system
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The suitability of the physical layout of the facility with regard to the functioning
of the processes and the system as a whole.
During the visit, the project participants tried to obtain a total understanding of the functions
and structure of the facilities.
Incidental nature of sharing information and knowledge regarding these two visits can
be considered with respect to the following description given by Marsick et al., 2009, page
572): "Incidental learning, while occurring by chance, can be highly beneficial when one
moves the accidental learning opportunity closer into the informal learning realm through
conscious attention, reflection and direction."
For new project members
Informal communication also played a significant role in the cases of new project
members. These individuals are relatively new to their project responsibilities, and they did
not join the project in the beginning. They came in the middle of the project. They needed
support in carrying out their designated tasks. Since there were many things that were
occurring fast – sometimes simultaneously – in the project, they needed guidance especially
in dealing with changing and demanding conditions. Informal information structure helped
them to acquire the required knowledge and guidance then and there. They pull the needed
knowledge from individuals – knowledge providers – whom they contacted informally.
However, there seems to be a negative side-effect of this informal information sharing
process. According to one respondent, if he wanted to reaffirm or get more detail on a
solution / answer that he had obtained earlier from a source through informal communication,
then he would get a different answer this time.
This situation shows that the informal nature of knowledge sharing can make it
difficult to refer back the shared knowledge, if there is a need to get more explanation of it.
For novices in projects, this could be a frustrating and confusing situation. This can be seen
as a negative side of informal aspects of knowledge sharing.
Generally speaking, knowledge sharing in the case project seemed to be a natural part
of the project. There was no special formal arena or special allocation of time for knowledge
sharing. It was not a planned activity in the project, even though there were some forms of
knowledge databases in the involved organizations.
Formalizing the informal?
The incidental nature of obtaining information on relevant knowledge sources as well as
knowledge also triggers a question: Can this accidental nature be structured, at least to a
certain extent, so as to ensure the availability of as much information on knowledge sources
as possible?
In order to reflect upon this question, we may have to look at the following question
first: What does this incidental / informal nature indicate? There are two lines of thoughts in
this regard.
1. It can indicate a poor priority and planned focus of knowledge sharing in the
project. It seems that there was no overall systematic structure or mechanism to
facilitate knowledge sharing in the project as a whole.
2. It can indicate the inherent nature of knowledge sharing in projects. Project
members do not follow a well-defined code of conduct to communicate with each
other or with their peers and colleagues in their respective organizations. A casual
conversation with a peer or friend, for example, can lead to place where the
needed knowledge can be found. The visit to Denmark was prompted primarily by
the acquaintance between one individual in Norway and the other in Denmark. It
may not be possible to replace the incidental / informal nature of knowledge
sharing by implementing a structured or formal mechanism. The incidental /
375

Anandasivakumar Ekambaram, Hans Petter Krane

informal nature is a natural part of projects. And, the project managers and other
project members have to deal with it in an effective and efficient manner, without
making the communication process unnatural and cumbersome.
These two lines of thoughts suggest, at least indirectly, possibilities for improvement,
perhaps, in two different ways. The first one suggests the possibility of implementing a
systematic structure or formal mechanisms in such a way to deal with the incidental nature as
effective as possible in order to acquire, share and develop knowledge. The second one
suggests that the potential benefits of the incidental nature can be obtained not by introducing
formal systems and thus disturbing the incidental / informal knowledge sharing process, but
by encouraging project members to engage more and actively in such processes.
According to Hemre (2005), too much structuring of the informal and natural nature
of knowledge sharing in social networks can lead to negative outcomes. It is to be noted that
developing a supportive climate that is conducive to knowledge sharing is important than just
relying too much on technology to facilitate knowledge sharing (De Souza, 2003). Quoting
on Cross (2007), Marsick et al. (2009, page 580) say:
"That informal learning accounts for as much as 80% of workplace learning, even
though about 80% of organizations' learning budgets are typically invested in formal
training rather than informal learning."
We believe that developing a supportive climate that facilitates the informal nature of
knowledge sharing is essential in construction projects and that trying to formalizing all (or
most) knowledge sharing and learning processes will not produce any desired results. Formal
systems are of course useful in sharing knowledge as one of the means – but not as the only
means, ignoring informal, incidental knowledge sharing processes in projects.
5 CONCLUDING REMARKS
Even though, informal nature of learning and knowledge sharing is considered as
important in work settings, there are different challenges.
Challenges related to the topic of informal learning:
Meland (2000) points out three major factors that hinder success in building construction
projects:
1. Time restriction – specially in defining needs, requirements and project
engineering
2. Restricted economical resources for project engineering
3. Unclear role definition of the participants, in other words inadequate
communication
These factors can be looked at with respect to informal learning and knowledge sharing; for
example, who are involved in and have responsibility for these three factors? How can they
contribute to share knowledge in such a way to lead to productivity and success? What kind
of contractual relationships are supportive to learning and knowledge sharing in projects?
Challenges related to conducting research on the topic of informal learning:
Eraut (2004, page 249) Presents the following challenges:
 Informal learning is largely invisible, because much of it is either taken for
granted or not recognized as learning; thus, respondents lack awareness of their
own learning
 The resultant knowledge is either tacit or regarded as part of a person's general
capability, rather than something that has been learned
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Discourse about learning is dominated by codified, propositional knowledge, so
respondents often find it difficult to describe more complex aspects of their work
and the nature of their expertise.

We believe that these challenges are to be addressed widely in order to ensure the
importance of focusing on the topic (informal learning in work settings) in workplaces as
well as conducting research on the topic. How these challenges can be dealt with effectively
can be a focus area for future study.
We also believe that creating and maintaining a positive culture, which encourages open
communication and cooperation, can enhance informal as well as formal knowledge sharing
in project settings. Le Clus (2008, page 205) points out in her PhD research work that
"relationships emerged as one of the most critical factors in the generation of affordances or
constraints for informal learning in the workplace". Developing relationships is strongly
connected to social and cultural atmosphere that exists in organizations. Hence, social and
cultural aspects of organizations cannot be underestimated when it comes to knowledge
sharing.
We do not claim that our paper covers all the major aspects of the topic of informal,
incidental learning in projects. We try to point out some major characteristics of this topic
within the scope of this paper with relevant theories and the case study. Our major intention
is to stimulate discussion on the topic that can lead to further development in both the
theoretical and practical front.
REFERENCES
Brady, Tim and Davies, Andrew (2004): Building project capabilities: From exploratory to
exploitive learning, Organization Studies, 25(9), SAGE Publications.
Bryman, A.; Bresnen, M.; Beardsworth. A. D.; Ford, J.; and Keil, E. T. (1987): The concept
of the temporary system: The case of the construction project. Research in the Sociology
of Organizations.
Cleland, David I. (1998): Strategic planning in Cleland, David I. (Ed.): Field guide to project
management, Van Nostrand Reinhold, A division of International Thomson Publishing
Inc.
Cross, J. (2007): Informal learning: Rediscovering the natural pathways that inspire
innovation and performance, San Francisco, Pfeiffer, John Wiley.
Davenport, Thomas H. and Prusak, Laurence (1998): Working Knowledge - How
organizations manage what they know, Harvard Business School Press.
De Souza, K. C. (2003): Barriers to effective use of knowledge management systems in
software engineering, Communications of the ACM, 46(1).
Ekambaram, Anandasivakumar (2008): The role of knowledge transfer in reducing
reinvention of the wheel in project organizations, PhD thesis, Norwegian University of
Science and Technology, Trondheim, Norway.
Eraut, Michael (2004): Informal learning in the workplace, Studies in Continuing Education,
Vol. 26, No.2, July, Carfax Publishing.
Fernie, Scott; Green, Stuart D.; Weller, Stephanie J. and Newcombe, Robert (2003):
Knowledge sharing: Context, confusion, and controversy, International Journal of project
Management, 21.
Fewings, P. (2013): Construction Project M;anagement – An integrated approach, Secoind
Edition, Routledge.
Hager, P. (2004): The importance of contextuality for learning. Journal of Workplace
Learning, 16, 22-32.
377

Anandasivakumar Ekambaram, Hans Petter Krane

Hemre, A. (2005): Building and sustaining communities of practice at Ericsson Research
Canada. Ch.9. In M.Rao (Ed), KM tools and techniques. Amsterdam, Netherlands:
Elsvier.
Horner, M. & Duff, R (2001). More for less – A contractor's guide to improving productivity
in construction, CIRCA
Le Clus, Megan (2008): Affordances and constraints on informal learning in the workplace:
A sociocultural perspective, PhD thesis, Murdoch University.
Leseure, M. J. and Brooks, N. J. (2004): Knowledge management benchmarks for project
management, Journal of Knowledge Management, 8(1).
Love, P.E.D. (2002). Auditing the indirect consequences of rework in construction: A case
based approach, Managerial Auditing Journal, 17 (3).
Love, Peter; Fong, Patrick S.W. and Irani, Zahir (2005): Management of knowledge in project
environments, Elsevier.
Lundin, R.A. and Söderholm, A. (1994): Theory of temporary organizations. Paper presented
at the IRNOP Conference on Project Management and Temporary Organizations
(Lycksele, Sweden, 1994).
Marsick, Victoria J.; Watkins, Karen E; Callahan, Mary W. and Volpe, Marie (2009):
Informal and incidental learning in the workplace; Ed. Smith, Cecil M. and DeFratesDensch, Nancy (2009): Handbook of research on adult learning and development,
Routledge – Taylor & Francis Group, New York and London.
Meland, Øystein (2000): Prosjekteringsledelse i byggeprosessen – Suksesspåvirker eller
andres alibi for fiasko? (Project engineering in the building construction process), PhD
thesis, Norwegian University of Science and Technology, Trondheim, Norway.
Meradith, Jack R. and Mantel, Samuel J. (2000): Project management, - A managerial
approach, John Wiley & Sons.
Packendorff, Johann (1995): Inquiring into the temporary organization: New directions for
project management research, Scandinavian Journal of Management, Vol. 11, No. 4.
Reich, Blaize Horner (2007): Managing knowledge and learning in IT projects: a conceptual
framework and guidelines for practice, Project management journal, June 38,2.
Schindler, Martin and Eppler, J:Martin (2003): Harvesting project knowledge: A review of
project learning methods and success factors, International Journal of project
Management, 21, 3.
Söderlund, J. (2002): managing complex development projects: Arenas, knowledge processes
and time. R and D Management, 32(5).
Tiwana, A.; Bharadwaj, A. and Sambamurthy, V. (2003): The antecedents of IS development
capability: A knowledge integration perspective. Proceedings of the 24th International
conference on Information Systems, Seattle.
Turner, R. J.; and Muller, R. ((2003): On the nature of the project as a temporary
organization. International Journal of Project Management, 21(1).
Turner, Rodney J. (1999): The handbook of project-based management: Improving the
processes for achieving strategic objectives, Second Edition, The McGraw-Hill
Companies.
Wenger, Etienne (1998): Communities of practice – Learning, meaning and identity,
Cambridge University Press.
Yoo, Y. and Kanawattanachai, P. (2001): Developments of transactive memory systems and
collective mind in virtual teams. The international Journal of Organizational analysis,
9(2).

378

7th Nordic Conference on Construction Economics and Organisation 2013

ENGAGEMENT IN THE INNOVATION PROCESS FOR THE BUILT
ENVIRONMENT
Natalya Sergeeva
School of Construction Management and Engineering
University of Reading, PO Box 219, Reading, RG6 6AW, UK
e-mail: n.sergeeva@reading.ac.uk

Abstract. A stream of new and innovative ideas from highly committed and engaged
project team members represents a backbone of successful companies. Within
organisations project team members make decision of whether or not to engage in
innovation process and speak up with their ideas to supervisor or other members of a
team. In recent years, there has been a growing body of conceptual and empirical
research focused on understanding of drivers underlying innovation for construction and
the built environment. Yet, this literature has primarily focused on implementation and
diffusion of innovation, i.e. final result of the innovative process; whereas idea voicing –
the beginning of this process – was out of the scope of researchers. This paper, therefore,
investigates project team members’ perceptions of personal and contextual influences on
whether or not to engage in the innovation process for the built environment. It is based
on data gathered from a psychometric study involving quasi-experiment, questionnaires
and observations of the UK building construction professionals. The philosophical
epistemology adopted in this study is critical realism that shares positions of positivism
and interpretivism where the conceptual framework is based on explanations,
understanding, argumentation and is tested using a mixed methods research design. It
was found that project team member engagement in voicing ideas for innovation is
driven by a greater extent of personality-induced factors (e.g. knowledge, perceived
radicality of ideas, favouring of ideas, openness to experience, self-confidence and
curiosity) over contextual influences (e.g. rewards, managerial support, collaborative
team culture, position in the company and in the team). An industry-specific perspective
is adopted to provide value to construction businesses alienated by more conceptual
approach. The paper focuses on the influences of project team member engagement in
the innovation processes, and suggests how businesses can enhance innovativeness by
understanding these forces and incorporating insights into their strategies. The paper
further suggests some directions for future research on innovation in the built
environment.
KEYWORDS: construction, contextual influences, project team member engagement,
innovation, personal influences
1

INTRODUCTION

At the heart of the innovation process are individuals – an organisation’s important asset
and potential source of innovative ideas and solutions to problems which can improve,
enhance and transform project work and also improve organisational practices and processes.
Construction companies more than ever rely on a continuous stream of green technology
ideas and solutions from motivated and engaged project team members at all organisational
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levels. They often make decisions whether or not to contribute ideas to actors inside or
outside the organisation. These decisions can arguably have significant implications for
organisational development and effectiveness. Although this is widely acknowledged and
recognised by construction academics, very little is known about project team member
engagement in various stages in design and construction processes, as well as the relationship
between project team member engagement and other organisational actors (e.g. immediate
superiors, team leaders, work colleagues), as well as actors outside the organisation (e.g.
business partners, investors, venture and R&D companies).
Initially, this paper reviews the construction academic epistemologies regarding project
team member engagement in various stages in design and construction processes, raising
important conceptual and practical questions. The contextual influences on project team
member engagement in the innovation process are addressed. This is followed by the
personal influences which are shaping the contexts within which innovation can take place.
The study is then described and empirical findings are presented. Finally, some practical
implications and future research directions are discussed.
2 PROJECT TEAM MEMBER ENGAGEMENT IN INNOVATION PROCESS
It is frequently argued that project team member engagement in the construction sector
cannot be understood outside the context (e.g. Harty, 2008; Leiringer & Cardellino, 2008;
Winch, 1998). As such, the construction sector has some specific characteristics which make
it distinctive from other industries:
 Collaboration upon which construction work is based. Construction work is constituted
from companies’ own resources and from the manifold organisations. It often involves
various specialist skills: subcontractors, general contractors, architects, designers,
manufacturers and suppliers;
 Project-based nature of construction. The construction industry organises resources
around projects. Project team members continuously engage in the innovation process
within the projects.
 Inter-organisational relationships and the way power is distributed. Innovation process
involves continuous process of collaborations and communications between different
organisations and actors involved in the project.
In order to understand project team member engagement throughout the construction
project lifecycle, it is necessary to understand the role of various projects both individually
and collectively. The innovation organisational activity may be carried out throughout the
lifecycle of construction projects: design, preparation, construction, maintenance or span
design and construction. Throughout the construction project lifecycle it is important to
understand the complex continuous processes of individual and collective project team
member engagement in the innovation process. It can be argued that project team member
engagement in the innovation process elicit a variety of perspectives which are informed by
different theoretical and conceptual standpoints, underpinned by different beliefs and values,
and influenced by personal characteristics, social relationships, work environment and
broader institutional and economic contexts.
2.1 Contextual influences
It is frequently argued that one of the contextual factors that influence project team
member engagement in the innovation process is formal organisational structure. According
to Lansley (1994), a low-control, organic adhocracy structure is more suitable to
unpredictable, changing conditions associated with innovation than the mechanistic, highcontrol, bureaucratic structure that is more appropriate to routine, stable conditions.
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Bureaucratic organisations, within which reside highly specialised workforces, are often
characterised by increased productivity, reduced cost, time, ruthless efficiency, predictability,
control and deskilled jobs. However, they often result in high employee turnover,
underestimation of the human aspects of organisation and neglect the fact that organisations
are often more complex, uncertain and difficult than those that can be performed by
“machines”. Mechanistic approach can only work well from a project team member
perspective when there are straightforward tasks to perform and the environment is stable. An
alternative model of organisations is non-bureaucratic where project team members are
recognised to have their own aspirations and needs, rather than being “mindless cogwheels”.
Innovation is positioned against bureaucracy.
Related to the issue of organisational structure is that organisational hierarchy is
recognised as influencing project team member engagement in the innovation process. In this
respect, it is frequently argued that while project team members involved in the process
holding senior managerial positions are identified as “innovation champions” (e.g. Dulami et
al., 2005), studies on the subject are focused less on middle, low level management and
project team members (e.g. Kissi et al., 2012). Yet, Leiringer and Cardellino (2008) note that
innovation can take various forms and the positions held by innovators and their expertise
may vary. For example, project team members involved in the innovation projects could not
only be practitioners of subordinate engineers, but themselves the engineers who bring up the
concepts of construction innovation. In relation to this, potentially, some individuals may be
reluctant to share innovative ideas to individuals in higher status positions, while others may
openly contribute their ideas. To date there is not yet an investigation of the critical issue
surrounding why such phenomenon may occur.
Organisational culture may also encourage or discourage project team members to
engage in the innovation process. It is commonly understood that organisational culture
represents the system of values and beliefs which influence individual practitioner behaviour
and actions (e.g. Blayse & Manley, 2004; Hartmann, 2006). Cultural attributes that are likely
to be inductive to project team member engagement in the innovation process arguably
include encouragement of project team members to generate and propose innovative ideas
without a fear of penalty if they are unsuccessful. It also refers to shared perceptions that
project team members are striving to achieve an understanding of each other’s goals and
openness to new ideas. However, there have only been a few empirical investigations into
how construction project team members perceive the culture of their organisations. By
conducting a questionnaire survey of construction companies in Singapore, Dulami et al.
(2005) revealed that a supportive culture or climate fosters innovation championing
behaviour of project managers. A supportive organisational climate may include a culture
characterised by a clear strategic vision of the company, reward for creativity that values
ideas and innovation. Scholars argue that organisational climate for innovation is based on
individual perceptions of expectations from an organisation. Whilst the study of Dulami et al.
(2005) is primarily focused on the nature and the impact of innovative behaviour, limited
attention is given to individual intentions to innovate. It remains unexplored the extent to
which decisions to engage in the innovation process are affected by perceptions of
organisational culture, climate and rewards. Potentially, when project team members perceive
organisational culture as unsupportive or as not rewarded appropriately, they may hesitate to
contribute innovative ideas to other organisational actors responsible for their
implementation.
2.2 Personal influences
A question of how construction project team members perceive contextual and personal
influences and how their perceptions are shaping engagement in the innovation process has
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often received limited attention. Perceptions of individual characteristics of project team
members are an area where theory and practical research findings are especially limited.
While the cognitive capabilities of individual managers to develop, progress and modify
innovative ideas are recognised by construction academics (e.g. Sexton & Barrett, 2003),
greater attention remains towards organisational capabilities.
Recent work on organisational behaviour in construction (e.g. Walker, 2011) also
emphasises the important role of individual innovativeness, creativity and personality. In
particular attention is given to openness to experience, high level of energy, self-confidence,
strong belief and cognitive abilities (e.g. intelligence and knowledge) as personal
characteristics that are shaping the innovation process. However, the majority of research on
the subject (e.g. Manseau, 2005; Walker, 2011) draws heavily from the generic literature on
innovative behaviour and creativity (e.g. Amabile, 1996). Unfortunately, these observations
remain unsupported with empirical research evidence from real construction companies.
Individuals within organisations conceptualise innovations, depending upon their perceptions
of organisational context and their personality characteristics. While organisational structure
and culture may influence practitioners’ intra-subjective (individual) and inter-subjective
(social) judgements of innovations, their perceptions of personal characteristics (e.g.
curiosity, self-confidence, openness to new ideas) should also be taken into consideration.
Figure 1 presents an explanatory model of the innovation process adapted from Tidd and
Bessant (2009) and Van de Ven (1986). The process involves an individual activity of
articulating innovative ideas. The role of the individual who proposes an idea to manager or
other members of a team is central in the story. Extracted from a variety of organisational
activities, one particular striking idea may be presented by an individual to be acted upon and
receive legitimacy. An organisational activity may not be recognised as an innovation until it
is acted upon and implemented in the organisation. Only some organisational activities
succeed and become an innovation, while others may remain unrecognised in the
organisation. Some activities may fail to be adopted because they go largely unvalued. This
presents a challenge. Success requires innovators to locate an organisational activity within
understanding that constitute suitable environment in order to get acceptance. In other words,
in order to succeed, an organisational activity has to be legitimised within the organisational
and broader contexts. The decision to recognise an organisational activity as innovation
reflects strategic challenges and a variety of contexts. In this process, different actors
mobilise different storylines which shape a variety of contexts within which innovation can
take place. Organisational (e.g. structure, strategy and rewards), broader economic and
regulatory contexts (e.g. government regulations, laws, knowledge, resources) and industry
characteristics (e.g. project-based, unique projects) may influence project team member
engagement in the innovation process. The individual characteristics (e.g. self-confidence,
intrinsic motivation, expertise, curiosity, openness) may also be important in shaping the
context within which innovation process take place. The innovation process is considered as
an ongoing process of transformations of organisational activities by engaged individuals and
teams into new, innovative ways of thinking and working within a variety of contexts over
time.
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Figure 1: Individual and collective engagement in the innovation process (adapted from Tidd and Bessant, 2009;
Van de Ven et al., 1999)

3

METHODOLOGY

In recent years construction management research studies have been adopting a broad
variety of methodological positions. For example, Koskela (2000), Tatum (1986) explicitly
aligned themselves with traditional positivist stance. Green (1996), Leiringer (2003) are more
closely aligned themselves with interpretivist/social constructionist standpoint. Interestingly,
there has been a recent orientation towards positions more closely aligned with critical realist
approach (e.g. Larsen, 2005; Dan-Asabe, 2011). An alternative middle ground critical realist
standpoint potentially overcomes the limitations and strengthens the values of the polarised
positivist and interpretivist positions (e.g. Archer et al., 1998; Sayer, 2000). Critical realists
integrate subjectivist and objectivist ontology, recognising structural reality and the
importance of actors and their perceptions, behaviour and actions. Drawing from the agencystructure interactional perspective, the core of critical realist philosophy, this study
investigates both contextual and personal influences on project team member willingness to
engage in the innovation process.
Critical realists do not support one or other research method exclusively, but allow
researchers to be selective in their choice. To overcome the implicit drawbacks and to
complement the strength of each method, a quasi-experiment, questionnaire and observation
techniques were designed and utilised in this study. Similar approaches have been used in
construction innovation literature. A recent study on examination of the role of the UK
construction managers’ in the innovation process by Kissi et al. (2012) conducted interviews
and experiments in which managers judged an innovative idea being promoted in the
company. The study revealed that managers made decisions about promoting innovative
ideas based on the required time and cost, but concluded that further research is needed to
investigate the personal and contextual determinants that may affect managers’ innovative
behaviour. An interesting recent study by He (2012) discovered that contributing ideas to
team members is positively correlated with team size and shared task understanding and
negatively with team morale and shared awareness of expertise using quasi-experiment and a
series of questionnaire with students.
3.1 Research design
It has been recognised in the construction sector that innovations offer the potential for
significant organisational and industrial improvements (e.g. Bresnen & Marshall, 2001).
However, while it is evident that many construction innovations originate from individuals
within the project lifecycle, there remains a lack of understanding concerning the contextual
and individual influences on their engagement in the process. Therefore, a research study
focusing upon construction sector employee orientations towards the engagement in the
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innovation process is both valid and valuable. Additionally, in the construction industry there
has been a call for more experimental studies into the innovation process (e.g. Abowitz &
Toole, 2010; Bernold & Lee, 2010).
A variety of building construction and non-construction professionals were invited to
participate in a quasi-experimental study. At the time of the quasi-experiment, 32% of
participants were senior managers, 27% were junior/middle managers and the other 41%
were holding non-managerial positions. On average, project team members were 31.25 years
old and had an organisational tenure of 5.73 years in the UK. The quasi-experiment took
approximately two and a half hours in total to complete. Several project team members
performed the tasks at the same time, working individually without sharing their ideas with
each other. The quasi-experiment used a series of images of three artifacts: “Taipei 101”,
“Great Belt East Bridge” and “Queen Mary II”, representing the three different industrial
sectors of civil construction, infrastructure construction and ship construction.
The first quasi-experimental task required project team members to generate as many
innovative ideas as possible that would either change or improve the three artifacts shown on
the images, if they were to start building them from the beginning. Fifteen minutes were
given to generate ideas for each of the three artifacts with short breaks in between. The
second quasi-experimental task required project team members to self-report whether they
would propose these ideas to other organisational actors. Finally, after the quasi-experimental
tasks project team members were asked to evaluate contextual and individual factors
perceived to be important for their engagement in the innovation process. This questionnaire
was designed to assess the intrinsic reasons why project team members are willing to
contribute generated innovative ideas to other organisational actors. Because project team
members' perceptions of factors may vary, it is important to get insight into the other factors
that perceived to be significant beyond those suggested by the researcher. Therefore, openended questions about other important factors that influence the project team members’
evaluations of engagement in the innovation process were included in the questionnaire.
4 ANALYSIS
Figure 2 shows box plots of contextual and personal factors that project team members
evaluate as important for engagement in the innovation process based on a five-point Likert
scale ranging from 1 (“least important) to 5(“most important).
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Figure 2: Box plots of data including mean values, standard errors and medians for factors considered for
project team member engagement in the innovation process

The results show that, on average, both contextual and personal influences appeared to be
important in relation to project team member engagement in the innovation process.
However, personal factors (in bold) appeared to receive higher values than contextual factors.
Knowledge, intrinsic motivation, overall skills and capabilities have been recognised to be
more important than any financial rewards and position in the company for project team
member engagement in the innovation process.
Twelve factors for evaluation in this research were selected for several reasons. First, the
selected factors overlap with those identified as important in the literature on innovation.
Second, these factors may have practical implications, as many of them represent factors that
are arguably critical for potential organisational innovativeness. Among other factors that
project team members considered to be important for their engagement in the innovation
process were the following:
 Better organisational performance, cost effectiveness;
 Better ecological performance;
 Satisfaction from end-users.
Of particular note green built environment (e.g. ecological performance) is recognised as
important for project team member engagement in the innovation process. Green and
sustainable future agenda is recognised as one of the drives for project team member
engagement in the innovation process. These factors open new venues for future research.
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5 DISCUSSION
The results indicate that, on average, both contextual and personal influences appear to be
important in relation to project team member engagement in the innovation process.
Significance of both contextual and individual influences is consistent with an interactional
perspective widely used in creativity and innovation studies (e.g. Woodman et al., 1993;
Zhou et al., 2009). Personality-related factors, however, emerged with higher values than
contextual factors. These findings are consistent with the work of Axtell et al. (2000) and
Bunce and West (1995) who claimed that individual innovation relies more heavily on
individual than perceived group and organisational factors. One of the implications of these
findings is that efforts to enhance the project team member engagement in the project
lifecycle should, perhaps, focus on increasing individual willingness to participate in the
process. This requires paying attention to personal development, enhanced expertise, skills
and capabilities. Consequently, this requires altering environments, including reward
systems, fostering collaborative team culture and further organisational encouragements.
The need for project team member engagement has been recognised not only by
construction management researchers (e.g. Hartmann, 2006; Kissi et al., 2012), but also
government. For example, recent report by Wolstenholme (2009) through achieving
incentives and engagement has advocated innovative solutions towards delivering
construction projects. One of the challenges construction firms are facing is how to engage all
project team members to contribute innovative ideas to their professional development and
organisational performance (e.g. Loosemore et al., 2003). Some project team members may
openly contribute innovative ideas with managers and other members of a team, while others
could be unwilling to share ideas. This aspect relates to project team members’ willingness to
engage in the innovation process which, in turn, is influenced by their perceptions of various
personal and contextual factors.
The construction industry represents diverse groups of individuals (e.g. clients, designers,
constructors and suppliers) who continuously engage and disengage in the innovation
process. Project team members may be willing or unwilling to engage in the innovation
process because of various personal and contextual reasons. But if construction firms aim to
facilitate innovations (e.g. new ways of working, green and sustainable solutions) there is a
need for an ongoing process of engagement of individuals within the lifecycle of the projects
(e.g. engineers and architects, clients and contractors, project managers and project team
members). From this perspective, innovation is a cyclic process of individual and collective
engagement. Understanding project team members’ perceptions about the importance
personal and contextual influences can be useful for organisations with an ultimate target of
an ongoing process of new, innovative, more “green” solutions.
Variance-based research provides indications of the averages across the sample samples
and in particular point in time. On average, personality-related factors have been valued
higher than contextual factors for project team member engagement in the innovation
process. This does not mean that construction firms should not pay attention to collaborative
culture, manager’s support, position in the team and the company as well as financial
rewards. But it indicates that greater attention should be paid to the individuals, increasing
their knowledge and understanding, enhancing their intrinsic motivation, and improving skills
and capabilities. It is necessary to note that over time perceptions of individuals engaged in
the innovation process may change. Individuals’ values and perceptions at the present
moment in time may be different to the past and the future. Further research may examine
how different perceptions and interpretations are evolving over time in a variety of contexts.
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6 CONCLUSIONS
There has been a growing interest within the generic and construction-specific literature
regarding project team member engagement in the innovation process. This paper examined
project team members’ personal opinions about their willingness to propose innovative ideas
to managers and other members of a team, depending on various personal and contextual
reasons. Empirical evidence, such as that reported, can help organisations better understand
the underlying mechanisms of the innovation process. Project team member engagement in
the life-cycle of projects in design and construction processes over time can arguably
facilitate both value creation and sustainability in the future. Various organisational actors are
involved in developing concepts for new, sustainable urban cities. Green technology
solutions for the international market can be achieved by highly committed and engaged
project team members with external networks. While this study is the UK-based the
participants were with diverse background and origins that could potentially provide a link to
international context.
One of the implications of these preliminary empirical findings is that efforts to enhance
project team member engagement in the innovation process within the construction industry
context should perhaps focus on fostering individual willingness. This requires paying
attention to personal development, expertise, skills and capabilities. Consequently, there
needs to be suitable environments of appropriate reward systems, organisational culture and
other encouragements. When individuals and collectives continuously engage in the process
of extracting new and innovative ways out of the flux they shape the environments they are
experiencing, while the environments may shape their perceptions. The interactive
perspective utilised in this study as a lens of understanding the connection between personal
and contextual aspects and underlying mechanisms of innovation process.
The validity evidence associated with the modern constructs of project team member
engagement is somewhat limited because an interest in this orientation has emerged only
relatively recently. Consequently, the sample and measurements included within the analysis
of the study limit the conclusions that can be drawn. The small sample size is due to a
selected quasi-experimental design, engaging each individual for a considerable amount of
time. Since most experimental studies on human behavior, personality and social psychology
use a minimum of thirty participants to get stable measures (Field, 2009), the selected sample
is of appropriate size to provide this empirical results. Further research may expand
understanding of project team member engagement in the innovation process from other
perspectives, at different contexts, using different methodologies. Finally, other contextual
(e.g. job complexity, team characteristics, management style) and individual (e.g. selfesteem, need for achievement, communication) influences on project team member
engagement in the innovation processes for the built environment need further attention. The
above suggested directions are neither exhaustive nor prescriptive, but they may lead to a
more insightful portrayal of project team member engagement in innovation process evolving
in time in a variety of contexts.
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Abstract. The subjects of application-oriented cooperative research by research institutions, the
steel industry and the construction sector increasingly contain research topics of a holistic nature.
The project configuration including industry’s participation therefore needs to be reassessed as well.
This paper reports from a research project in which the form of existing industry involvement in steel
application research in the construction sector has been analyzed for identification of optimization
potential. The establishment of a continuous process for creating and exchanging knowledge between
research institutes and representatives of the whole construction supply chain has been identified as
the chief approach in the process. Implementation is through a model which contains as a key element
a community of practice and an innovation broker and is currently being applied in a research cluster
devoted to sustainability in steel construction.
KEYWORDS: communities of practice, innovation broker, applied research, sustainability

1 INTRODUCTION
Application-oriented cooperative research (CR) is an important element in the interaction
between the technical sciences and industry. It also has a positive effect on the innovation
behaviour of the participating companies. The benefits of pre-competitive forms of CR for
small and medium-sized enterprises (SMEs) in particular have been clearly demonstrated
(Rothgang et al., 2011). The steel industry in Germany supports this kind of research by
engaging in joint pre-competitive research projects with companies from the construction
sector and the relevant scientific institutions. These projects are intended to yield applicationoriented benefits for all participants and are funded from both public and industry grants.
2 RESEARCH QUESTIONS AND RESEARCH CONCEPT
Topics of application-oriented research in the construction sector and thus also CR
undertaken by research institutions, the steel industry and the construction sector have
evolved in recent years from a focus on individual technical phenomena into research topics
with an holistic approach. Against this background, is the "traditional" way in which
application-oriented research projects are conducted by science and industry in general and in
particular industry’s involvement in the project phase with interdisciplinary topics still the
right approach? The construction sector’s innovation characteristics, including SME
dominance, often unknown levels of innovation in specific construction projects and
inadequate transfer systems, persist and are intensifying. Against this background, how can
industry’s involvement in CR be optimized, enabling knowledge from day-to-day business to
flow into the research project and the industry representatives to understand research results
early on? On the basis of these issues the steel industry in Germany is pursuing the following
approaches to its application-oriented research with the construction sector: (1) Further
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development of existing working groups into project-accompanying communities of practice
(COPs), which supervise a research project as regards content and are open to all
representatives of the construction supply chain (CSC) with no barriers to entry. (2) The
promotion of an active knowledge exchange between science and industry within the COPs,
enabling practical experience to flow into the project and steel users to understand the
research results. This paper reports from a research project in which a main focus was to
analyze the realisation potential of these approaches. An iterative research process between
theory and empiricism was selected for the course of the study. This is based on the research
concept proposed by Gassmann (1997) and described by him as an “iterative learning process
between theory and empiricism”. It seeks to analyze systems defined by human actions. The
process starts by developing a theoretical pre-understanding. Based on this, a focused list of
questions is directed at the actors in reality. This is then evaluated, allowing critical reflection
on the picture of reality gained, resulting in further adaptation of the theoretical preunderstanding. The research-leading questions, which are particularly characterized by "why"
and "how", enable the illustration of practice and subsequent development of optimization
approaches. In the present case, two further process steps are integrated into the research
concept. In addition to the described questions regarding the actual situation, the respondents’
view is also sought on the use of an innovation broker for a possible tartget system. As an
answer to the research questions, a model is then developed. The first-time application will be
the subject of a complementary case study. The overall result is thus achieved by
triangulating the partial results obtained at each step in the iterative process.

Figure 1: Iterative process between theory and empiricism

3 THEORETICAL PRE-UNDERSTANDING
There are no known publications to date which cover the elements COP, CSC, CR
combined within the problem-solving approach. Further analysis will therefore include those
aspects which are of interest to the stated objective as individual elements.
3.1 COP definition
Lave & Wenger (1991) first introduced the concept of COPs, mainly based on the
concepts of shared practices and mutual engagement, and developed a social theory of
learning. A COP can be described generally as a group of individuals who share their
interests and problems with a specific topic, and gain a greater degree of knowledge and
expertise on a topic through their regular interaction (Wenger & Snyder, 2000). The broad
variation of the context in which the COP principle has already been described and applied
leads to the existence of a large number of more specific definitions. Zboralski (2007)
highlights among the existing fields of application in particular a use in company-related
knowledge management where COPs “[…] are initiated and supported in a well-targeted
manner so that knowledge as a resource is put to optimum use (within the company).”
Specialist literature contains a great many summaries on the development and use of the COP
concept, examples being: Probst & Borzillo (2008) and Bettiol & Sedita (2011). For the
purpose of further analysis the key features of COPs can be summarized as follows: The
purpose of a COP is the exchange of knowledge, e.g. in the form of ideas, findings and
experience related to a specific topic, the initiation of a joint learning process and the
advancement of the members’ skills. This can be organization-related but also on a “crossborder” basis. The cooperation is based on trust and characterized by a joint interest and
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active participation in the topic. There is no formal work schedule, yet members are engaged
in dynamic, interlinked, collective thinking. Membership is voluntary and flexible and based
on personal commitment.
3.2 COPs in the construction sector
Experience with COPs in construction is nowhere near as great as in other industry
sectors. Ragsdell & Remington (2006) examined various possible uses of COPs in building
projects and concluded that owing to specific project features, such as limited trust between
project members, a possible increased business risk through the free exchange of knowledge
and persistent time pressure in the projects, these uses are limited. Ruikar et al. (2009) also
confirm that knowledge management in construction projects is a demanding task. They refer
in particular to the many different members of the supply chain in the construction industry,
concluding that, “[…] it is important to remove the barriers to individual participation (in
COPs),” and adding, “[…] the challenge is to motivate individuals to participate in order to
achieve organizational benefits and at the same time contribute to the individual’s
professional development.” Khalfan et al. (2010) give an account of an example of COP use
in a specific construction project. Within their main question of how through integrated
construction supply chain management, realized through effective knowledge management,
increased efficiency can be achieved, they report on a “[…] client-driven initiative where
three subcontractors and their supply chains have become a COP to facilitate supply chain
integration.” Through the holistic examination of the technical issues, an increase in quality
was achieved in the project. In summary, for the use of COPs with players from the
construction sector the following basic conditions should be borne in mind: (1) Owing to the
often strained legal situation among construction sector players in their day-to-day business
activities, trust-building measures need to be taken in the COP. (2) The relevant group
management is required for the various different members from the CSC. (3) Active
involvement by participants should contribute to their professional development. (4) The
knowledge exchange among CSC members in the COP should help bring about a higherquality solution to the construction issue.
3.3 COPs in cooperative research
The use of the COP concept in cooperative research has become the focus of studies in
recent years. Ling (2006) states that, “[…] limited attention has been paid to research and
COPs” and has examined the use of research-based COPs in higher education. She presents
20 aspects in all which COP participants from the scientific community view as personally
beneficial. They include, in particular, in-depth discussions, getting relevant information of
the topic and stimulation to think about new ideas, meet other experts and foster possible
further collaboration. She proposes: “[...] the COP is not only for researchers but also for
practitioners.” Such a mixed composition for a COP is also proposed by Coghlan & Shani
(2008). They are speaking for the field of collaborative management research, defining it
“[…] as an emergent and systemic inquiry process, embedded in a true partnership between
researchers and members of living systems for the purpose of generating actionable scientific
knowledge.” The community consists of members from different stakeholder COPs, “[…]
who bring their perspective on action and theory generation to a community of inquiry.”
Empirical results from the implementation of this definition are not presented, however.
Gertner et al. (2011) also examine the links between various COPs from company and
university sectors. They analyze the system of knowledge transfer between these sectors
within the ‘KTP’ programme in the UK and recommend that future university-knowledge
transfer activities should include a strong element of personal interaction.” In summary, the
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following aspects can be observed related to the use of COPs in cooperative research: (1) Indepth discussion within the COP is especially important to the research institutes. (2)
Research institutes are also interested in networking with other experts and in possibilities for
fostering further collaborations. (3) For the purpose of generating actionable (scientific)
knowledge, a true partnership must exist among members. (4) Regular personal interaction
between both sides is necessary to ensure a transfer success.
3.4 COPs and knowledge exchange
Following the above description of a COP’s characteristics and possible demands on a
COP for the intended field of application, the knowledge exchange within the COP will now
be discussed: Nonaka & Takeuchi (1995) explain the process of knowledge generation as the
result of a continuous interaction between tacit and explicit knowledge. They see this process
chiefly in the organization context, call it knowledge conversation and subdivide it using their
SECI model into four stages. Sarirete & Chikh (2010) have represented these stages in the
context of the technically oriented communication that takes place within a COP with
engineering practitioners. The stages from the SECI model can be explained as follows:
Socialization can be seen as a process where new tacit knowledge is acquired through
experience. Tacit knowledge is conveyed through interaction between individuals in the
relevant context. Sarirete & Chikh (2010) regard tacit knowledge in the context of an
engineering-oriented COP as challenges, problems, ideas, visions, events or objectives that
members share and clarify through a process of dialogue. This includes the explanation of
best practice examples. Externalization can be seen as a process of articulating tacit
knowledge into explicit knowledge allowing it to be shared by others. Sarirete & Chikh
(2010) regard the engineering-oriented COP as the “[…] reuse of existing explicit knowledge
such as parts of existing (engineering) models to create better formalized models and
deliverables.” This involves a transformation of challenges, problems and visions “[…] into a
conceptualized form of knowledge.” Combination is a process in which, explicit knowledge
is collected and then combined, edited or processed to form new knowledge from many
different sources in one context. Sarirete & Chikh (2010) determine for an engineeringoriented COP that, “[…] the explicit knowledge is synthesized based on community
understanding. The existing engineering models will be combined into composite models.”
Internalization can be seen as a process of embodying explicit knowledge into tacit
knowledge. The explicit knowledge created is shared and converted into tacit knowledge by
individuals. For the engineering-oriented COP Sarirete & Chikh (2010) determine that “[…]
the conceptualized collective knowledge is applied in practice, helping COP members
increase their knowledge and skills.” On the basis of the contexts described the following
conclusions can be drawn: (1) The use of both forms of knowledge is important to the success
of an innovation process. (2) Using best practice examples, the basis exists for working out a
joint understanding in the socialization phase. (3) For the externalization phase engineering
disciplines offer a good basis because new models can be built onto existing ones. (4) The
input for the combination phase can be realized within the engineering disciplines because
topics are assignable to specialist fields which are known to be interlinked. (5) The
functioning of the SECI process depends on collaboration in the COP.
3.5 COPs and broker roles
COPs are about content and not about form and have a kind of self-managed character.
The rigid assignment of roles among the members of a COP would therefore contradict the
basic idea of this open form of grouping driven by content. According to Zboralski (2007),
the role of a COP broker is often specifically defined in company-related COPs. She
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interprets the tasks as being ideally that of assuming the role of a motivator, contact,
coordinator and editor and postulates a resulting positive impact on interaction within the
COP. Probst & Borzillo (2008) also mention a “COP leader who manages the COP as a
whole, motivates members to engage in active collaboration and makes the COP attractive to
members.” Loyarte & Rivera (2010) analyze 15 different COP studies and show that COPs
can be led by management teams to achieve organizational goals without influencing their
typical development. Kline & Barker (2012) examine the use of a COP to increase the
effectiveness of general communication between universities and industry. They take as a
basis a broad mix of academics and practitioners within the COP and recommend precisely
for this reason a person to aid communication. Against this background Lessl & Douglas
(2010) also refer to the fact that “[…] the transparency of each partner’s goals is important
for achieving the strategic fit of the project” and propose a professional alliance manager. It
therefore seems beyond dispute that a broker function should be established within the COP.
It is however striking that the shaping of this role and its involvement in the COP’s activities
and environment are described only in very general terms if at all. The statement by Helm et
al. (2005) therefore remains valid: “[...] the actual importance or the shaping of the role of
[COP] broker remains unresearched to date.” In summary, it can be stated: (1) A broker role
should be established within a COP and can contribute to the success of the COP. (2) In a
model comprising members from academia and industry a continuous alliance of interests
must be maintained, which is also in the project’s interests. (3) The detailed elaboration of the
COP broker role and its integration into the project environment must be subjected to even
closer scientific examination.
4 EMPIRICAL WORK
This chapter first describes the boundary conditions for data collection, then presents the
results obtained at each process step for evaluation of the actual and the target situation.
4.1 Structure and response rate
In order to assess hitherto existing working groups (WGs) in steel application research in
the construction sector which have accompanied a research project in an advisory capacity
(actual system), all 19 university professors engaged in steel construction research in
Germany were invited to take part in a survey. The survey was conducted with a semi-open
questionnaire, which made it possible to appraise the WGs involved to date. For each of the
different WG variables there were three possible answers which could be assigned (during
evaluation) to the characteristics of groups, teams or COPs. Each of the three possibilities
could be rated on a 4-stage scale ‘(1)never-(2)rarely-(3)often-(4)regularly’ according to the
frequency of its occurrence. The evaluations were expressed in percent as groupings of the
1&2 scale positions (= with inconsiderable frequency) and the 3&4 scale positions (= with
considerable frequency). Space was provided for written comments as well. The
questionnaire was completed and returned by 18 of the professors. Of these, 28% had
considerable CR experience, 44% semi-frequent CR experience and 28% little CR
experience. Overall, at the time of the survey, the heads of the research institutes (RIs)
represented 134 ongoing research projects on steel application in the construction sector. To
assess a possible IB activity profile (target system), the survey participants were asked in the
questionnaire to rate a total of 22 possible IB tasks, which had been compiled on the basis of
the theoretical pre-understanding, as supporting measures on a scale of ‘unimportant (1)–(2)–
(3)–(4) very important’. The evaluation was performed using the mean and median values.
For the additionally polled industry view, 500 representatives from industry, who were
known to have been active in steel application research in the construction sector through
their company, were requested to participate in an online survey. 132 persons (26.4% from
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500) took part in this. They subdivided into steel producers (17% from 132), steel
construction companies (19%), engineering firms (20%), building product manufacturers
(22%), and Others (22%), which tends to reflect the segment spread among the 500 persons
originally approached.
4.2 Characteristics of existing working groups in steel application research projects
The system of industry’s non-contractual involvement in a project within a research initiative has been used repeatedly in applied research, e.g. in the form of project-accompanying
working groups. Rothgang et al. (2011) point out, however, that only a small number of
empirical results are available as yet for this underformalized form of research collaboration.
In addition, the intensity with which such groups are allowed to be integrated into the project
is not yet known. To reflect the actual situation in steel application research in the
construction sector, the working groups involved to date were characterized according to
typical attributes for the different kinds of groups. These were formulated essentially on the
basis of the results of a comparison of groups, teams and COPs as described by Gilley &
Kerno (2010). Concrete questions were put regarding the purpose, form of cooperation,
dynamic, membership conditions, independence, and duration of the groups. The results are
summarized in Figure 2.
In describing the purpose of WGs, team-like
qualities were identified primarily by the
research institutes (RI) (78% of RIs), which
were described as working jointly to solve a
project. With increasing CR experience
among the RI, however, COP features were
also identified, as expressed in the WG’s role
in knowledge creation and generation,
although only 28% of RIs spoke of this
occurring on a regular basis. Individual WGs
thus certainly meet the requirements of a COP
with regard to purpose. Among the majority
of RIs especially, development potential
involving the need to place even greater focus
Figure 2: Sum of 3&4 responses in % of 18 research
on the knowledge aspect, i.e. continually in
institutes leaders (multiple replies were possible)
individual projects, was identified, however.
This is particularly the case among those with little or semi-frequent CR experience. In
assessing collaboration in the WGs, the RIs selected team(work) as their top priority (78%),
where collaboration takes place on both a formal and an informal basis, and only after that
collaboration which is based, as in a COP, wholly on trust (44%). As CR experience among
RIs increased, WGs which met this latter requirement were identified in isolated cases.
However, only 11% of all RIs stated that this was the case for them on a regular basis. These
RIs can rely on existing and smoothly functioning networks and therefore achieve
cooperation based on trust very quickly in new projects. In assessing dynamism in the
research process through the inclusion of a WG, a majority view among RIs in support of the
team version (56%) was discernible, meaning that static research process planning takes
place as a rule, in the execution of which dynamic components can however be contributed to
the project up to a certain point of time. The COP version, enabling the WG’s dynamic
involvement over the whole project period, takes place additionally (44%) irrespective of the
institute’s CR experience in occasional projects. The need to take supporting measures in
order to create or preserve a certain level of dynamism in the group and in its involvement in
the project can be recognized here. With regard to membership in the WGs, the RIs
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indicated that this is controlled and prepared by them with considerable frequency (78%).
This corresponds more closely to team membership. A COP-typical membership which is
open to everyone willing to contribute their expertise was seen by the majority of RIs (56%)
in their WGs only with inconsiderable frequency. To this end, the RIs need to take supporting
measures related to the selection and composition of participants from the whole CSC. The
existing WGs were described by the majority of RI (72%) as lacking uniform independence.
The respondents said that the WGs were largely characterized by a few active members
driven by both extrinsic and intrinsic motivation. This corresponds to the qualities of a team
and shows the need to further develop the existing WGs into topic-driven COPs which are
integrated into the projects more closely and whose motivation is also strengthened. The
duration of the WGs was described by half of the RIs with a team variable as being a fixed
term with the option of an extension. A WG which is similar to a COP in this aspect with no
restriction on its term tends to be the exception. A large majority of RI with great CR
experience indicated the group-like feature for which an extension of the WG term beyond
the project period does not occur. This shows that the concept of the COP-like feature where
a WG exists for as long as its members deem it necessary is barely ever realized. In summary,
it can be stated that the existing project-accompanying WGs in steel application research in
the construction sector are not simple working groups. Rather, most of the WGs meet the
requirements on teams, with COP features also being used to describe a few of them. For the
proposed establishment of COPs from the CSC, the following key measures aimed at further
developing WGs have been identified against this background: (1) In purpose: increased
focus on and more regular introduction of the knowledge aspect (creation & exchange). (2) In
collaboration: increased support for CSC partners to promote active networking and the
accompanying building of trust. (3) In dynamism: enhanced and continuous integration of
members into the project for the mutual benefit of both parties. (4) In membership,
independence and duration: the (for the CSC) innovation-oriented establishment of those
WGs which are topic-driven and thus self-motivated and integrated into the research projects
within a debate to such an extent that a continuous exchange between science and industry is
enabled.
4.3 Future task profile of the innovation broker
For the future implementation of the identified development potentials, the views of
science and industry were also polled regarding the activity profile of an innovation broker
(IB) role for steel application research in the construction sector. The respondents were
initially asked to define using the group roles of Belbin (1993) the future position of an IB
between science and industry in CR. The relevant majorities from both groups produced an
endorsement for significant IB participation in the roles of coordinator (co), whose task
consists of organizing and supporting the group’s activities, resource investigator (ri),
whose task consists of examining (information) sources outside the group, teamworker (t),
whose task consists of improving communication and team spirit within the group, and of
shaper (s), whose task consists of shaping the debate within the group. In addition, the
respondents were asked to assess 22 possible IB activities in all, which were compiled on the
basis of the theoretical pre-understanding and assigned to the above group roles, as
supporting measures using the importance rating scale. The results are shown in Figure 3
with the overall ranking of possible IB tasks for the project period, represented on the basis of
mean values from the industry survey together with the mean results from the RI survey.
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co1
co2
ri1
ri2
co5
co3
co6
s1
co4
s2
co7

publication of the final report
release of joint publications by participants
interlinking of parallel projects on steel application
linking-up of experts of the research topic
group organization and integration in the project
organization of events with target audience
distribution of financial resources among partners
leading the discussion of interim results
organization of press releases
guiding supporting group in optimum working level
finding and adjustment of joint objectives of
science and industry at the project start

t1
s3
s4
ri3
co8
t3
t2
t4
t5
ri4
ri5

creation of communication platforms
support for formulating project results
making practical knowledge visible in project
addition of further suitable industry partners
keeping track of tasks in the supporting group
preventing disruptive factors in the project
support for trust building in the group
maintaining and increasing motivation
mediation in the event of conflict
finding suitable partners for result application
procurement of test material, test specimens or
consulting services from industry

Figure 3: Innovation Broker tasks in the project phase: views from industry and research institutes.

The abbreviation for the relevant task indicates the group role assignment. It can be
generally concluded from the mean and median values shown that both the industry
representatives (mean 2.78 to 3.50; median 3 and 4) and the RI (mean 2.81 to 3.83; median 3
and 4) assess the aspects listed as IB tasks that are tending towards important. On the basis of
a results comparison within those aspects assessed as tending towards important, some
striking trends can be discerned. The peaks resulting from the comparison show contrasting
trends in opinion among the two groups and have to be recognized as possible areas of
tension by the IB. They refer firstly to those coordinator tasks which entail less freedom of
decision-making for the RIs (co2, co6, co8). Secondly, they refer to those resource
investigator tasks which involve a broadening of industry’s participation in the project
(including to industry competitors) (ri3, ri4). In addition it can be stated that the first nine
aspects in the ranking based on the mean values from industry coincide with seven of the IB
task aspects assessed as very important by the RIs, meaning that a certain level of agreement
regarding the prioritization of both groups can be assumed for these points. They relate
within the IB role as resource investigator generally to the topic-based integration of the
research project into the technical project environment (ri1: interlinking of parallel projects,
ri2: a project-compatible linking-up of experts on the topic). In addition, both groups
prioritize within the coordinator role the IB tasks related to the dissemination of research
results (co1: publication of the final report, co3: event organization, co4: press reports on the
project) and the IB’s fundamental responsibility for the working group (co5: organization,
handling and integration of the WG into the project). In this context, a general promotion of
the discussion of interim project results (s1) is also prioritized as a possible IB activity within
the shaper role. The remaining IB tasks, which can also be assessed as tending towards
important, show no further serious deviations from one another. It is evident, however, that
all teamworker tasks (t1-t5) and some other complementary tasks aimed at supporting the
WG’s functioning, such as most of the shaper tasks (s2-s4), are contained within the latter. In
summary, all IB tasks can be recommended for implementation. The prioritization described
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within the IB tasks being interpreted as tending towards important is, however, discernible.
On this basis the IB tasks can be integrated into a project-shaping model.
5 MODEL FOR STEEL APPLICATION RESEARCH IN CONSTRUCTION
Against the background of the aspects set forth at the outset related to the general
importance of the COP, its importance to the construction sector and its importance to
cooperative research as the basis for realizing active knowledge exchange, the analysis of the
characteristics of existing working groups has shown that in order for project-related COPs to
be established further development measures have to be taken in relation to both the groups
themselves and their strategic positioning in the CSC. The need to establish a broker function
for implementation has been recognized. The overall model for steel application research in
the construction sector shown in Figure 4 is formed from these subaspects. The model has
two levels. The first (lower) level is that of the CSC, serving as the basis for possible
participants in a research project. On the basis of Blayse & Manley (2004), all the key
partners of the construction supply chain are combined into groups within it. Each group has
an abbreviation which also appears in the COP. The second (upper) layer is that of the COP,
comprising topic-related partners of the CSC. It is the COP’s task to accompany a research
project on steel application in the construction sector in terms of content, from which the
topics to be researched also result. The COP consists of a wide-ranging mix of partners from
the CSC, who at the pre-competitive stage shed light on the application-oriented topic of the
research project to be supervised from their perspective. All COP members must be willing to
pool their experience and expertise and to play an active role in the technical discussions
within the project. The research institutes which handle the research project concerned are
also partners in the COP, regularly presenting their interim results as the basis for discussion.
Since the COP is topic-related and innovation-oriented, it has low entry barriers for interested
experts from the CSC, as a result of which a distinction among members between passive and
active COP participants will however become apparent.
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Abc

SECI process as the central model for knowledge creation in the COP
Innovation broker’s roles as coordinator (co), resource investigator (ri), shaper (s) and teamworker (t)
green = prioritized as important by both groups (industry & research institutes), black = important without
major deviations in comparison, red = contrasting trends in opinion held by both groups
Figure 4: Project-shaping model for steel application research in the construction sector

At the centre of the COP the SECI process occurs, in which the funded research institutes
with chiefly theoretical knowledge of the research topic and the CSC representatives
participating in the COP with chiefly practical knowledge play an active part. This
participation is shown in Figure 4 through arrows in both directions because the participants
in the knowledge exchange process are not only contributing their specialist knowledge but
also jointly forming and individually internalizing new knowledge. This process happens
through the individual SECI stages while ensuring a kind of innovation diffusion among
participants. The spiral-shaped rise in the SECI process must be centrally controlled by the
IB. In general, the IB can be viewed as the energizer in the overall model. In terms of detailed
analysis, the tasks of the shaper and teamworker are to be found within the frame around the
intended COP. In addition, coordinator tasks of a general nature were assigned to the COP
frame and those related to the dissemination of research results are viewed as support for
output from the project-accompanying COP (right). Additionally, resource investigator tasks
represent further input for the project in line with the role definition (left). The colour coding
(green, black, red) symbolizes the trends recognized within the IB tasks interpreted as tending
towards important. Against the background of the planned establishment of a COP including
an active knowledge-creating process on the basis of the SECI model, these aspects are of
great significance. The IB is thus responsible for the success of major parts of the total
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concept described earlier. The model, including the integrated IB role has already been
applied in the course of a case study. The steel industry in Germany has initiated within the
scope of its CR with the construction sector an interdisciplinary research cluster with the title
‘Sustainability of Steel in the Construction Sector (NASTA)’. This cluster comprising six
separately funded subprojects is engaged in developing indicators for the quantitative
assessment of sustainability in steel construction. Aspects related to technical, environmental,
economic and socio-cultural quality are being developed for different steel applications in the
construction sector. There are 30 research institutes from 11 disciplines and some 220
representatives from industry involved in the NASTA project. The research institutes
represent the fields of manpower studies, architecture, construction management, building
physics, business management, life cycle management, mechanical engineering, concrete
construction, renewable energies, social sciences and steel construction. The industry
representatives come from architect’s offices, steel construction companies, engineering
consultancies, steel producers, suppliers of renewable energy, manufacturers of building
products and public authorities. The total value of the subprojects comes to €6 million.
Within the NASTA project six project-accompanying COPs have been set up under the
overall control of an IB in line with the model described above. They hold meetings with the
research institutes at least twice a year at the invitation of the IB and have some 30 active
participants per project. The COPs consist of the RIs and representatives of the CSC and are
innovation-oriented with no barriers to entry. This means that they are not filled on the basis
of membership in associations or organizations, but exclusively with those persons who can
make a pertinent contribution and show interest in the research topic. At the start of the
project the IB took a conscious decision to hold a joint meeting of all RIs as part of the
socialization phase so that they could gain a general overview of the participants and their
fields of activity. COP meetings were deliberately conducted on the premises of the
participants from industry for the initial presentation of practical examples which touch on
the respective research field, the accompanying building of trust within the COP being an
additional positive aspect. The externalization and combination phases within the COPs
extend over the project period. Technical discussions within the COP are conducted at several
meetings, at which the RIs contribute their scientific and the industry representatives their
practical knowledge. In a project on Modernization of Existing Buildings, for example, three
specific example buildings are examined in cooperation with the COP in the ‘demolition and
rebuilding’ or ‘gutting and upgrading’ variants in order to cover all processes in the
interaction of disciplines and then to strike a holistic balance. This shows that the actual
problems within this topic are holistic in nature and only the broad scope of the disciplines
and the open COPs will help to investigate these issues in an application-oriented way.
Through a creative dialogue among participants a mutual process of knowledge exchange and
creation of new knowledge is realized for all those involved. The IB acts here as a moderator
between the disciplines of the CSC. However, since these are often already know one another
from daily business and the open-innovation nature of the COP allows concentration on
technical issues with no contractual obligations, the NASTA discussion rounds to date have
proved very effective. The application of the knowledge acquired in a practical context is
typical of the internalization phase. With this in mind the IB seeks first users, which in the
NASTA project example cited has already proved partially successful through the
involvement of public property developers. The IB is familiar with the progress of all six
projects from the relevant COP meetings and tries through his activities to produce synergies
within the model represented. For the life-cycle assessment, for example, uniform input
parameters had to be laid down in all projects. This was achieved quickly with a cross-project
ad hoc group. The composition of the COPs is also continually checked for suitability.
Events, press reports and publications are promoted by the IB even during the project period,
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providing further project input. In addition, the active participation of a large number of
experts result in project-accompanying innovation diffusion, which continuously spurs on the
transfer of knowledge from steel application research in the construction sector to industrial
application even during the project period. The separation of the research process and the
transfer process is thus eliminated. The projects are currently in the final third of their
funding period. The mutual benefits of the interdisciplinary exchange and an effective
process for information and knowledge creation have already been confirmed, as already
documented in Nuesse et al. (2012).
6 DISCUSSION AND CONCLUSION
Based on the reported results of the empirical research and the use of the developed model
in the case study, it can be seen that the initial hypothetical approach of establishing COPs
with the intention of promoting active knowledge exchange between RIs and the members of
the CSC does indeed constitute an effective opportunity for shaping future steel application
research in the construction sector in a manner appropriate to the topics at hand. While
studying the actual situation with a view to implementing this approach, measures were
generated for further developing the existing working groups into COPs. These consist
mainly of the more regular establishment of knowledge generation in the groups,
intensification of collaboration within the CSC, and simultaneous building of the necessary
trust between science and industry. It also became apparent that the stated core aspects of
knowledge creation and trustful collaboration only occur in the present-day landscape of steel
application research in the construction sector with increasing experience of CR on the part of
the RIs involved in the projects. In view of this, besides the direct promotion of these aspects
in a system, it seems appropriate to launch an initiative to encourage the integration of more
RIs, particularly those with little or moderate experience of CR, in steel application research
projects. The implementation of this and further promotional measures is enabled by the
model presented here which contains a central process driver in the form of the integrated
activities profile of the innovation broker who contributes to successful innovation not just at
the project level but also in the project environment. Given the role and task profile that was
generally accepted by science and industry during the survey on the target system, it can be
seen that those involved consider the innovation broker to be responsible especially for
integrating a research project into the technical project environment, for disseminating the
results and for assuring the proper functioning of the project-accompanying group. The latter
is established and led by the IB and linked up to the project. The IB is also responsible for
optimizing collaboration within the group (motivation, trust and mediation), establishing the
SECI process for knowledge creation and procuring additional external information on the
topic. Unlike the hitherto rather general recommendations on establishing an IB function,
there is now a clearly defined activities profile which is incorporated into the project phase
through the model. When the profile embedded in the model has been met in all respects, the
model can then be used to its full extent. This will be reflected in the realization of the
recommendations mentioned at the outset to integrate the knowledge of COPs in subproject
areas of the research topics. In addition to the aforementioned building of trust among the
involved parties, this encourages the professional development of those involved, the
occurrence of in-depth discussions, active networking and the integration of best practices in
the application research process. It has already manifested itself during the described NASTA
case study project. For 2014, therefore, the NASTA cluster plans to continue its work with
the described COP-based model, while focusing on additional topics. The role of the IB is to
be further expanded as an actor liaising between science and industry and anchored more
firmly in application-oriented cooperative research.
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Abstract. For a contractor, two main contractual agreements are used to meet the client; open
bidding or design-build contracts. Viewing construction as a production system, this implies different
production strategies are active; engineer-to-order and make-to-order. Theory suggests that this is
difficult to handle within the same firm. The research aims to identify concurrent production
strategies at a contractor and to elaborate on the consequences for the internal capabilities when
acting according to several strategies. The in-depth case study is performed at a large contractor,
active on the construction market in several European countries. The core capabilities of the case
firm are analysed using theory capturing needed capabilities in the engineer-to-order and make-toorder situations. Generalisation is made by describing the atypical capabilities and consequences.
The case study firm operates four concurrent production strategies. To cope, manufacturing is
organised in flexible, multi-skilled teams to optimise the manufacturing resource utilization. When
introducing industrialization in construction, the manufacturing flexibility hinders streamlining of the
supply chain.
KEYWORDS: Core capabilities, platform, engineer-to-order, make-to-order

1 INTRODUCTION
Every supplier makes a choice of production strategy, which incorporates the client entrance
in the production information flow, Figure 1. A late entrance (e.g. make-to-stock or ship-tostock strategies) indicates that the product is predefined and the client is presented with a
choice of existing products. An example product would be cellphones. An early entrance (e.g.
concept-to-order or engineer-to-order strategies) means that the client is involved in product
design; an example would be a power plant. In the midst (make-to-order and assemble-toorder strategies) the client can be presented with the possibility to combine a product from
predefined choices. A typical product would be a car.
Gosling & Naim (2009) used a sector analysis to identify construction as one of the largest
engineer-to-order (ETO) trades. The construction client enters the production information
flow during the engineering phase and closes the contract with the supplier at the client order
decoupling point (CODP), Figure 1. Konijnendijk (1994) identified the core capabilities for
ETO firms: market knowledge, tendering capabilities, engineering proficiency,
manufacturing resources, coordination between market and manufacturing, and procurement
capabilities.
The idea of mass customization (Davis, 1987) has been tested, foremost in house-building
(Winch, 2003). To achieve mass customization, make-to-order (MTO) firms can organize
their products and production in platforms (Robertson & Ulrich, 1998). Within the platform,
the product components, processes, relationships, and know-how are sorted in commonality
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and distinctiveness parts. Some of the parts are combined into modules, which can be reused
in different products within the platform (Erixon, 1998). Kingsman et al (1996) argued that
MTO firms sell a skill to perform a certain type of production operations rather than an actual
product. The core capabilities for an MTO firm are thus very similar to those in an ETO firm
apart from the engineering capability.

Figure 1: Client order decoupling point in different supply chain structures, combined from (Sackett, Maxwell &
Lowenthal, 1997) and (Wikner & Rudberg, 2005).

When viewing construction as a production system, the fragmentation in the supply chain
creates a situation with a series of firms defining the orders for each other in sequence. The
client chooses a contractual form for the project. The contract describes the division of work
and to the degree of integration in the construction supply chain. In a design-build situation,
the client order is placed to one actor, most commonly a contractor with engineering
capabilities. From the contractor viewpoint, this is an ETO situation. In an open bid, design is
made by an engineering firm and the contractor is hired to realize the building; MTO. Many
contractors handle both production strategies within the same firm to be able to compete for
as many projects as possible. The choice to organize a firm to be able to handle several
production strategies can lead to poor internal efficiency, braking the systematic fit between
market, strategy, and resources (Drazin & van de Ven, 1985). As a consequence, organizing
work with several production strategies sharing the same resources could lead to poor
productivity. However, Martínez-Olvera (2009) argues that there are benefits with multiple
production strategies if the balance between them is handled properly.
The research aims to identify concurrent production strategies at a contractor and to
elaborate on the consequences for the internal capabilities when acting according to several
strategies. Knowledge is created on how a mix of production strategies can create flexibility
to respond to both ETO and MTO situations. The very same flexibility in production
strategies presents a hindrance for industrialization of construction.
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2

THEORETICAL FRAMEWORK

Construction is a complex production with large variety and small volumes (Porter et al.,
1999). In construction, the client is allowed or demands to enter the production information
flow at a very early stage, before or during the design phase (Winch, 2003).
2.1 The engineer-to-order situation
The engineer-to-order supply involves a non-physical stage including tendering, engineering,
and process planning activities, and a physical stage comprising component manufacturing,
assembly and installation (Bertrand & Muntslag, 1993). Examples of products produced in an
ETO supply chain structure are power supply systems, off-shore appliances, airplanes,
packaging machines, buildings, and civil engineering artifacts. These products have deep and
complex product structures, which give rise to many levels also in assembly processes (Hicks
& Braiden, 2000).
In ETO situations the sales process is mostly focused on performance characteristics,
delivery time, and price (Konijnendijk, 1994). Due to the high cost of ETO products, clients
use quotations (procurement or tendering) to receive offers from many suppliers before
placing an order (ibid). Market knowledge and responsiveness in tendering are core
capabilities for an ETO firm (Hicks, McGovern & Earl, 2000). The engineering phase is
difficult to plan and control and the main mechanism for controlling the lead time is the
number of people working (Konijnendijk, 1994). Engineering is a strategic capability of an
engineer-to-order firm and should not be outsourced (ibid).
The manufacturing process in an ETO supply chain structure is built up with general
purpose tools, to be able to handle large variations in product solutions (Konijnendijk, 1994).
The work force is highly skilled and able to perform several tasks (ibid). The first decisions
on production planning are taken under great uncertainty due to the unknown product
specification (Bertrand & Muntslag, 1993). In ETO firms 75-80% of the total cost is boughtout components (Hicks, McGovern & Earl, 2000), since it is nearly impossible for an ETO
firm to integrate all production of components in-house given the complex product structure.
Konijnendijk (1994) states that production control must be performed in coordination with
marketing, since customer delivery time and manufacturing lead times interact closely. The
variety in specifications and the high proportion of contract value that is outsourced makes
procurement and purchasing core capabilities of ETO firms (Hicks, McGovern & Earl, 2000).
2.2 The make-to-order situation
The make-to-order supply is a situation where the supplier acts upon already finished design
delivered from the client (Kingsman et al, 1996). It refers to a physical stage only comprising
manufacturing of components, assembly, and installation (Bertrand & Muntslag, 1993).
Design can be made by the client or an actor hired by the client i.e. an engineer.
MTO firms win their orders either by quality, delivery speed or price (Amaro, Hendry &
Kingsman, 1999). Even though MTO firms are organized for flexible production, they
seldom see customization or flexibility in production as a competitive advantage (ibid). This
is due to the fact that MTO firms often compete with other MTO firms and not e.g. make-tostock (MTS) firms producing standard products. Orders are won in quotations, which use the
finished design as a prerequisite to plan the production sequence and resources. MTO firms
sell a skill to perform a certain type of operations rather than an actual product (Kingsman et
al, 1996).
The manufacturing process in an MTO firm is built up with general purpose tools, to be
able to handle large variations in product solutions (Konijnendijk, 1994). The work force is
highly skilled and able to perform several tasks (ibid). The share of purchased components is
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75-80% of the product cost (Jahnukainen & Lahti, 1999), the same as with ETO firms. The
overall production sequence must be set up in cooperation between marketing and
production, since customer delivery time and manufacturing lead times interact closely
(Zorzini, Corti & Pozzetti, 2008). The variety in specifications (Zorzini, Corti & Pozzetti,
2008) and the high proportion of contract value that is outsourced (Jahnukainen & Lahti,
1999) makes procurement and purchasing core capabilities also for MTO firms.
Product Platforms in the Make-to-order Situation
The choice to pre-engineer solutions and offer variants to the client is a supplier-led
development aiming to control the input to the manufacturing process in MTO firms (Jiao,
Simpson & Siddique, 2007). It has been successfully applied in the automotive industry,
offering product variants organized in product families to customers. The latter has been
formalized in the work with platform organization of products (Robertson & Ulrich, 1998)
and entails configuration before the order is placed. This leads to a higher predictability for
the supplier in the manufacturing process, which enables structured production planning
(Zorzini, Corti & Pozzetti, 2008). When setting up the available choices for the client using
product variants, the firm either needs to control the way tenders are written to be able to
respond or the firm needs to address the client differently than through a tendering process
i.e. rather through a configuration process. When using a platform approach, the supply chain
is reused between projects. Suppliers are not procured for every project, but rather in longterm contracts spanning many projects.
2.3 Core capabilities: engineer-to-order vs. make-to-order
In Table 1 the capabilities in sections 2.1-2.2 are summarized using the identification of
Konijnendijk (1994) of market knowledge, tendering capabilities, engineering, manufacturing
resources, coordination between market and manufacturing, and procurement capabilities.
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Table 1 : Core capabilities for the ETO and MTO production strategies
Capability
Market knowledge

Tendering
capabilities

Engineering
proficiency

Manufacturing
resources

Coordination
between market and
manufacturing

Procurement

ETO
This incorporates meeting
the client at early stages of
product conception, since
the ETO strategy implies
that the supplier takes part
in product development.
Due to the high monetary
value of products, the
client requests quotations
from several suppliers to
choose
from.
The
quotations should define
the product sufficiently for
client decision-making.
The engineering phase is
where the client needs are
fulfilled. Engineering skills
are therefore crucial for an
ETO company.
In construction, these
resources are not necessarily self-owned, but hired
through sub-contracting.
One of the strongest competitive factors for ETO
firms is the client delivery
time, which is closely
linked to manufacturing
lead times.
As much as ¾ of the total
cost in a building project is
subcontracted,
which
makes procurement of
materials, resources, and
subcontractors
a
core
capability of ETO firms.

MTO through platforms
If using platforms it is very
important to have defined a
stable product niche and be
knowledgeable in it to
sustain the investments in
pre-engineering.
If using platforms, the
client must ask for
products that are possible
to fulfill within the scope
of the platform and the
supplier would need to
know what the platform
can deliver and to what
cost.
Engineering
work
is
performed as platform
development leading to a
pre-engineered
solution
ready for client choice.
These can in the case of
pre-engineered solutions
be set-up in a factory
environ-ment to varying
extents.
With platforms the client
delivery time can be
estimated precisely due to
the predefinition in the
process.
Using platforms, the same
suppliers are used every
time and not procured for
each project. Instead, longterm agreements are closed
with suppliers.

MTO
Good contact network with
the client is important to be
able to judge when projects
will be issued. Also good
contacts with engineering
firms are vital.
Due to the high monetary
value of products, the
client requests quotations
from several suppliers to
choose
from.
The
quotations should define
the product sufficiently for
client decision-making.
Engineering not needed to
define the product.

In construction, these
resources are not necessarily self-owned, but hired
through sub-contracting.
One of the strongest competitive factors for ETO
and MTO firms is the
client delivery time, which
is closely linked to
manufacturing lead times.
As much as ¾ of the total
cost in a building project is
subcontracted,
which
makes procurement of
materials, resources, and
subcontractors
a
core
capability of MTO firms.

3 METHOD
The research aims to identify concurrent production strategies at a contractor and to elaborate
on the consequences for the internal capabilities when acting in several structures. The
theoretical framework describes the ETO and the MTO production strategies. The framework
is summarized in Table 1 and used to analyze one construction contractor to identify what
production strategies are active. Empirical data is deducted from one contractor active in
Northern Europe. Data collection through a case study was selected for two main reasons.
Firstly, the occurrence of production strategies must be studied in its real life context (Yin,
2003). Secondly, this research is exploratory, probing the existence of different production
strategies described in literature (e.g. Sackett, Maxwell and Lowenthal, 1997) and their
meaning rather than hypothesis testing.
3.1 Selection of case
The case study firm was chosen based on its commonality as a construction contractor. The
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firm is a large contractor in Northern Europe with a long-term presence on its market (>30
years). It works with all contractual forms, but their main business is undertaken either in the
design-build or open bid situations. The firm also has a real estate division, which at times
acts as a client for the construction division. Thus, the firm has profound experience of
meeting clients at different client order decoupling points. Furthermore, the firm is
representative for many contractors as its competitors act similarly.
3.2 Data collection
Data was collected in several ways. Interviews and workshops were used in earlier studies to
collect data on the interaction between design and suppliers, (Sardén 2005; Cigén 2003).
Archival analysis of documentation of building projects was made to discover a rough
distribution in contractual forms. Follow-up questioning was made to clarify details in the
business model and the production strategies during 2011-2012. Questions were posed to
technical specialists and process managers. Data was written in a descriptive case study and
verified with firm personnel before being used in the research. Anonymity was important,
leaving out names and identifiable characteristics. The case was described using the
capabilities of ETO/MTO firms: market knowledge, tendering capabilities, engineering
proficiency, manufacturing resources, coordination between market and manufacturing, and
procurement capabilities.
3.3 Data analysis and generalization
The data was analyzed confronting the theoretical framework described in Table 1 with the
case study results. The unit of analysis is the production strategy of the firm. Firstly, the
characteristics of the ETO and MTO production strategies were identified in the case.
Secondly, the consequences of working with multiple production strategies were elaborated.
Generalization from the study is limited since it is based on one single case study. However,
the case is carefully selected choosing a contractor with a mainstream mode of conduct,
representative of large portions of the competition.
4 A CONTRACTOR SEEN THROUGH THE CORE CAPABILITY LENS
The firm produces multi-family dwellings, commercial buildings, and civil engineering
artifacts. It has international branches as well, see table 1 for basic case study data. The firm
consists of several departments and can be seen as a corporation. It operates on the businessto-business market. The ability to solve almost any problem the client would have is part of
the firm strategy, but lately. Their focus is strong on site production and assembly with multipurpose tools and resources. In cases of open bid contracts, engineering is made by an
engineering firm that delivers finished drawings to the contractor. The engineering firms vary
according to the procurement of engineering made by the client. In cases of design-build
contracts, the firm performs the engineering themselves and almost finished drawings are
delivered to the site management. When design-build contracts are at hand, the delivery of
drawings is more continuous and uses some short-hand notation for reoccurring technical
solutions. This is seemingly difficult to handle within one organization, which is evident from
the discussions with employees who always delivers an answer starting with “It depends…”.
Table 2: Basic data from 2012 for case study firm
No of
employees
7500

Typical
order size
8 M€

Customization
High

Depth of product
structure
>6 levels
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The current movement is to integrate downstream to establish closer relationships with the
client. Along that line, design-build contracts increase as do partnering projects and selfowned construction. There is a department for housing and property development, which
sometimes acts as the client for the house-building department. During later years, the firm
has engaged in pre-engineering of products, organizing them in platforms (Robertson &
Ulrich, 1998). Currently there are seven platforms, which are defined nationally. The
platforms differ in the degree of pre-engineering. The most predefined platform is organized
in a subsidiary with its own market division and production supervision personnel.
4.1 Tendering, coordination with manufacturing and market knowledge
The contact network of the firm on the construction market is vast; the firm is almost always
a contender in bidding on its national market. Tendering is a core competence, performed by
the most experienced members of the organization. Tenders contain information about the
planned construction method, the timeline of onsite production, the prices for the subdivided
tasks, and what is not part of the offer. In cases of an open bid, it is common to offer a
slightly different solution than was specified in the quotation, due to preferences by the firm
towards a certain production method. When deciding whether to tender or not, the risk is
estimated for the project. High risk projects are avoided to ensure profit in every project. An
exception would be if entering new market segments e.g. passive house construction.
Coordination with manufacturing is accomplished through making sure at the tendering
stage that resources for production are available during the planned project realisation.
Normally, the person who makes tender estimations is very experienced in onsite production
and only in rare cases do site managers contribute with explicit knowledge on production
methods or time frames. The decision on subcontracting parts of the project is made in the
tendering phase. The bid has to be prepared within a specified time frame; 4-8 weeks in the
normal case. Hit rate is approximately 1/3, but varies depending on competition in the region.
The firm does not actively seek early contact with the client to affect the settings of the
project. Rather, they avoid contact not to be accused of tampering the market conditions.
Communication with the client is focused on the tendering process. The market department
works on a strategic level, setting focus areas for the entire corporation. Regional knowledge
on actual projects (time frame 1-3 years) is held by the housing or property development
departments in the firm corporation and they take part in the decision to tender or not.
In the case of platform application, the platform itself has a specialized market manager.
This manager’s most important task is to ensure the success of the platform in production by
controlling the input from the client. He/she acts as a gatekeeper for the platform, controlling
both buildability and profit in the project.
4.2 Engineering
The firm has a specialized engineering department with technical experts on structural,
bridge, infrastructure, energy, and production engineering. They are 130 persons in total and
gather specialists from the entire corporation. When the housing department acts as the client
to the construction department, the engineering department normally performs the design.
This decision is made by the regional office opting for external engineering firms when they
offer a lower price. The same reasoning goes for the design-build projects. In conclusion, the
engineering department is active in 10-30% of all the projects produced by the firm. Longterm experience feedback from production is identified as a hindrance for continuously
improving the skills of the in-house engineers. Experience feedback is hindered by the fact
that data is unavailable for feedback since it is not accessible when engineering work is made
by an external engineering firm. Engineering work is supported by BIM modeling and the
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firm is constantly trying to reuse data from the BIM model. During projects with the housing
department as the client, there are biweekly meetings with the client in the engineering phase
and the final solution is gradually developed during a time period of up to two years.
Engineering work when working with platforms is supported by parameterized BIMmodels and other templates in e.g. Excel. Apart from the work in the actual project,
development work in the platform is performed by the engineering department. Development
work is not done inside an actual project if it can be avoided. At the same time, the projects
drive the development, constantly widening and questioning the scope of the platform.
4.3 Manufacturing and procurement
The firm has built up a broad knowledge of production methods and resources to mount and
assemble both prefabricated and specially designed building parts into buildings,
infrastructure, and civil engineering artifacts. Raw materials are processed when doing
roadwork and casting concrete. The firm does not own any factory for prefabricated
elements. The assembly on site is the core business of the firm and much of the organization
is designed to support work on site. This goes also for the administrative support systems,
which use the construction project as the unit of analysis. Using virtual construction through
BIM to integrate with the building site is within the scope of the firm. The work on site is not
automated. Instead multi-purpose equipment is used, run by teams able to produce many
different end products. Site work is planned by the site manager, who makes a time plan and
a resource plan to control work. At some building sites, meetings are held on a regular basis
according to a Lean system, aiming to control the activities, crucial problems, and the pace.
Purchase of materials is made by the site manager with support from the central
purchasing department where long-term contracts are sealed with larger suppliers. At times,
there are conflicts between the site manager who wants a certain material type and the
purchasing department who wants the site manager to follow the contract. Another core
capability of the firm is coordination and procurement of sub-contractors. Up to 70-80% of
all site work can be subcontracted. The decision whether to subcontract or not is taken in the
tendering stage for large subcontracts, and in the beginning of the manufacturing stage for
smaller subcontracts.
Production in projects based on platforms is not very different from other projects apart
from the fact that everything is faster since all solutions are predetermined. It is the same
personnel who do the production regardless if it is a platform or not. In the most predefined
platform, the production sequence is broken down in subtasks to a level where production is
simply an assembly.
5 CASE ANALYSIS
5.1 Production strategies
In the case study it is shown that the studied contractor works with four production strategies:
1. ETO in projects when engineering is not made by the firm, but coordinated and
ordered by the firm (design-build contract)
2. ETO in projects when engineering is made by the firm (design-build contracts)
3. MTO in projects where engineering is provided by the client and made by another
firm (open bidding or general contract)
4. MTO in projects where platforms are used and the engineering phase is skipped
due to pre-engineering (open bidding or design-build contracts)
The situations are graphically presented in Figure 2. Having several production strategies is
not unusual since Amaro, Hendry & Kingsman, (1999) found that the 15 out of 22 of the
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ETO/MTO medium-sized companies in their study work with 1-3 production strategies. The
manufacturing resources are shared among all situations in Figure 2 for the case contractor.
5.2 Consequences for internal resources at contractor
The case firm has all the core capabilities (Konijnendijk, 1994) for an ETO firm to different
degrees. The core competence for the case contractor is the production on site and this
manufacturing capability is part of all variants 1-4, Figure 2. This is probably a sign of the
firm striving to maximize its resource use. To be able to accomplish this, the manufacturing
needs to be very versatile and flexible to handle different types of input.
In the case study it was found that the firm wants to increase the share of design-build
contracts and decrease participation in open bidding. The underlying logic is to take control
of the supply chain and move the CODP closer to the client (Figure 1), thus increasing the
controllable variables entering the supply chain. Another interpretation of this desired
movement is that the contractor experiences problems to obtain enough productivity when
there are several production strategies.

Figure 2: Four production strategies found at the case study contractor.

In particular, moving towards production based on platforms means that optimizing the
work situation for the main capability (manufacturing) becomes a challenging task having
several production strategies. De Haan, Voordijk & Joosten, (2002) stress that the
performance of the construction core capabilities reflects the performance of the firm.
Hilletofth (2008) identifies collaboration in the supply chain as a major issue when
developing differentiated production strategies. The possibility with using multiple
production strategies could be to be able to compete with the logistics solution e.g. not only
delivering at a low cost, but with short lead times and with added customer services (ibid).
Currently, this competitive advantage is not exploited at the case firm.
The sharing of resources between the production strategies can constitute a problem.
When returning to the core capabilities listed in Table 1, it is obvious that the engineering
capability is not needed when working in an MTO supply chain structure. As a consequence,
the engineering department does not participate in every building project. Over time, this will
limit the possibility for the engineering department to receive experience feedback (Johnsson
& Meiling, 2009) from more than 10-30% of all case firm projects. Furthermore, the
engineering department does both the engineering work in design-build contracts and the
product development work for platforms. Situation no. 4 in Figure 2 has an engineering phase
that does not take place during the project (Robertson & Ulrich, 1998). Solutions are pre412
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engineered by the contractor, placing the CODP at the end of the engineering phase, Figure 1.
The meeting with the client is distinctly different between the ETO and the MTO
situations. This is recognized by the contractor operating both the design-build and the open
bid situations. This is not problematic as long as manufacturing resources are kept versatile,
but when moving towards standardization of work to gain productivity, the situation will be
more difficult (Smith & Reece, 1999). At the case firm some predefined platforms are
organized in subsidiaries, with separate market divisions and product development.
The coordination between market and manufacturing is not continuous in any of the
situations in Figure 2. In no. 1 and 2 (design-build) the largest efforts to coordinate is made
when delivering the tender. If the contractor performs the engineering work (no. 2), the
contractor meets actively with the client to secure the quality in deliveries. No similar
meetings are held with the manufacturing resources. In the open-bid situation (no. 3),
coordination between market and manufacturing rests with the client who needs to be
knowledgeable in production to be able to complete this task. Finally, when working with
platforms (no. 4), the coordination between market and manufacturing can be predefined to
the level where routine instructions are present.
6 CONCLUSIONS
From studying the production strategies at one contractor and comparing its core capabilities
to the theoretical situation, the following conclusions can be drawn:
Four different production strategies were found at the case firm. As the studied firm is
an ordinary contractor, construction contractors tentatively work with at least three
different production strategies. Introducing industrialization through product
platforms led to the amendment of a fourth production strategy at the case firm.
The case study firm owns all core capabilities for an ETO firm, but optimizes
resource utilization for the manufacturing capability. Engineering is active in only 1030% of the firm’s construction projects. Multiple production strategies could open up
for new ways of creating competitive advantage through the supply chain (Hilletofth,
2008).
While optimizing the use of the manufacturing resource, it becomes a shared
resource. To be able to cope with that situation, manufacturing at the case firm is
organized in versatile, multi-functional units with great flexibility.
When attempting to industrialize construction by applying the platform concept, the
flexibility in production needed to cope with changing production strategies suddenly
becomes a hindrance for optimizing the flow of materials.
Future work will incorporate probing the link between core capabilities and firm
performance e.g. studying the link between alignment of core capabilities and productivity.
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Abstract: Construction project performance is dependent on efficient collaboration and the ability to
overcome traditional rigid boundaries between organizations, professions and process stages. This paper
is based on an exploratory case study of a contemporary collaborative construction project during both
design and production and reports findings on boundary spanning and boundary spanners. The findings
propose a typology of boundary spanning in collaborative construction projects: geographical boundary
spanning, professional boundary spanning and stakeholder boundary spanning. The findings also report
a comprehensive list of boundary spanning roles of importance for boundary spanning to take place. The
paper also present directions for further research on management of collaboration in construction
projects.

KEYWORDS: Construction projects, Boundary spanning, Managing collaboration.
1 INTRODUCTION
1.1 Managerial challenges in construction projects
The construction industry is project intensive, i.e. most of the value creating activities are
organised as projects with set goals, a continuously changing project organization and a
predefined budget and timeframe (Hallin & Karrbom Gustavsson, 2012, Winch, 2010). Most
construction projects, both house building projects and infrastructure projects are pursued in
collaboration between many different organizations, for example communities, authorities,
architectural firms, engineering consultants (geotechnical engineering, structural engineering
etc.), material suppliers, logistical providers and construction companies which makes
construction project performance dependent upon efficient management of interorganizational
collaboration, i.e. joint problem solving, that requires focusing on interdependencies that link the
various project stakeholders together rather than on one the actions of one single organization
(Gray, 1985). Project performance is also dependent upon management of integration between
professions, for example architect, structural engineer and carpenter, and project roles for
example employer/owner, contractor and subcontractor, that require extra focus on
interdisciplinary communication and mutual sense making actions (Dainty et al, 2006, Emmitt,
2010, Emmitt & Gorse, 2003, 2007, Slaughter, 1998). There are sometimes also geographically
separated organizations adding distance complexity to the management of collaboration (Van
Fenema & Räisänen, 2005, Winch, 2010). A major construction project management challenge is
also to efficiently manage collaboration throughout the construction process, from idea to
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complete building, and integrate the early project development and design processes with the
production and commissioning processes into one construction project process – and take an
overall perspective, from initiation of a specific project to handing over the building (Winch,
2010). This also includes integrating several sub-processes such as, planning processes,
information processes, tendering processes etc.
Previous research on the construction industry has shown that the industry have been facing
problems with lack of co-operation and lack of trust (Kadefors, 2004), ineffective
communication (Karrbom Gustavsson, Samuelson & Wikforss, 2012, Wikforss & Löfgren,
2007), insufficient visualisation of the planned building (Runberger, 2012) and adversarial
relationships between stakeholders (Bresnen & Marshall, 2000). Several renewal initiatives, such
as for example industrialization, open building, design/build, collaborative approaches and reengineering, have been put forward during the last decades (Winch, 2010). These initiatives
encounter the challenges to change traditional construction project practice in order to improve
collaboration, performance and the end products. Previous research on collaboration in
construction has shown that new forms of collaborative approaches, such as for example
partnering, make room for construction project practices to develop based on joint problem
solving, communication, trust, commitment and transparency (Eriksson, 2010; Forman et al,
2011, Kadefors, 2004, Nyström, 2005). Thus, collaborative approaches can be seen as promising
renewal initiatives aiming to handle the fragmentation and the lack of integration that has
complicated previous attempts to improve project performance in construction projects (compare
with Bresnen & Marshall, 2000). However, the use of the word “joint” emphasizes that efficient
collaboration is typically needed between owner and contractor when solving problems (compare
with Lager & Frishammar, 2010).
Efficient collaboration in construction projects as well as in other temporary and multi
professional organisational settings is dependent on boundary spanning i.e. activities such as for
example workshops or joint problem solving meetings that build relationships, interconnections
and interdependencies to support mutual sense making (Weick, 2009) in order to understand
complex information and manage complex problems, and boundary spanners such for example
project managers as who act as “key agents” managing inter organisational relations (Williams,
2002, p. 103).
1.2 Aim and contribution
This paper address the challenges of managing efficient collaboration in construction, in
particular the paper focus on the call for improved communication and collaboration between
professions and organizations put forward by for example Dainty et al (2006), Emmit (2010)
Emmitt & Gorse (2003, 2007) and Wikforss & Löfgren (2007). For this change to happen, and
for collaboration to be more efficient, there is a need for “breaking down traditional boundaries
and overcoming process discontinuities” (Dainty et al, p. 223). Dainty et al (2006, p. 224) claims
that there is a need for integrating for example the traditionally separated design and production
processes in order “to overcome ingrained functional boundaries and culturally defined practices
which have prevented integrated working in the past”.
This paper reports findings from a recent longitudinal case study on a collaborative
construction project in the Stockholm region. The analysis is based on organizational theory, in
particular on boundary spanning and boundary spanners (for example Lawrence & Lorsch, 1967,
Katz & Kahn, 1967, Aldrich & Herker, 1977, Hernes, 2003, Williams, 2002, Kerosuo, 2006),
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and the community of practice approach (Lave & Wenger, 1991, Wenger, 1998). The aim is to
explore boundary spanning activities and boundary spanners in contemporary construction
project collaboration and propose a model for managing efficient collaboration in construction
based on a typology for boundary spanning. This contribution, which is a further development of
the previous research on boundary action in construction projects presented in Karrbom
Gustavsson & Gohary (2012) and on BIM as integrative and communicative tool presented in
Karrbom Gustavsson et al (2012), is of importance when evaluating collaborative project
practices such as partnering in order to further develop both construction project practice and
different project roles as well as project research.
This paper is structured as follows: First, the concepts of boundary spanning and boundary
spanner will be defined and explained. Then follows a presentation of the research approach and
the case. Then follows the findings and the proposed typology before the paper ends with a
discussion and conclusion.
2 BOUNDARY SPANNING
2.1 The boundary as an enabling structure
Boundaries are especially interesting temporally and spatially emerging locations of
development, learning and change in collaborative project work practices (compare with
Kerosuo, 2006, Karrbom Gustavsson & Gohary, 2012). From an organisational perspective,
boundaries could be defined as coherent and object-like contours of an organisation that handle
the complexities between the organization and its context (Lawrence & Lorsch, 1967, Katz &
Kahn, 1967). Thus, a boundary could be considered to be both an enabling and a constraining
structure (Hernes 2003). Consequently, boundaries should be explored as emerging social
processes rather than determining them as pre-existing entities (compare with Kerosuo, 2006,
referring to Abbot, 1995). On a practice level, project participants mark the boundaries in their
actions and their collective work practices. Kerosuo (2006) suggest four approaches that could
describe organisational boundaries, as described more in detail elsewhere (Karrbom Gustavsson,
& Gohary, 2012). These are:





Institutional transformation (Scott et al, 2000), which provides a historically based image
of institutional change and explanations to why changes occur in organisations.
The theory of situated learning in communities of practice (Lave & Wenger, 1991,
Wenger, 1998) that provides descriptions of learning and change on the micro-level of
boundary action, processes and practices.
The actor-oriented theory of development (Long, 2001) that is connecting the macro and
micro processes of boundaries.
Ethnographic studies on boundaries and cultural-historic activity theory (Kerosuo, 2006)
where boundaries are hybrid contexts of the development, learning and change of activity
in work and organizations.

2.2 Communities of practice
In this study, the approach used is the theory of situated learning in communities of practice
(Lave & Wenger, 1991, Wenger, 1998). Communities of practice are separated by boundaries
and peripheries, where boundaries refer to discontinuities and lines of distinction between the
417

Tina Karrbom Gustavsson

inside and outside of a community, and where peripheries represent continuities and connections.
These boundaries and peripheries are interwoven, fluid and often unspoken. Communities of
practice are groups of individuals who share a concern, or a passion, for what they do and they
continuously learn how to do it better as they interact regularly. Furthermore, three
characteristics are crucial for a group of individuals to become a community of practice: the
domain, the community and the practice (Wenger, 1998). First, membership of a community
implies a commitment to a shared domain of interest and a shared competence that distinguishes
members from other individuals. Secondly, members engage in activities and discussions, share
information and develop relationships that enable them to learn from each other. Thirdly,
members of a community of practice are practitioners and develop a shared repertoire of
resources, experiences, stories, tools and ways of addressing recurring problems (ibid).
Following the community of practice approach it is the boundary encounters, such as the
spanning activities, that enable continuity (compare with Wenger, 1998). In boundary spanning,
is the building of relationships, interconnections and interdependencies that supports sense
making (Weick, 2009) and facilitate mutual understanding of complex information.
2.3 Boundary roles
According to Aldrich & Herker (1977) boundaries are defining characteristics of organisation
while boundary roles are the link between the context and the organisation. Two classical
functions of boundary roles as identified by Aldrich & Herker (1977) are information processes
and external representation. Boundary roles, such as for example boundary spanners, are exposed
to a large amount of information which they filer before facilitating it further. Thus, the ability of
the boundary spanner in detecting, summarizing, interpreting and communicating information
further is thus an important factor for organisational performance, innovation and change (ibid).
Also, boundary roles involved in the process of maintaining or improving the legitimacy or
hegemony of a community of practice act as mediators, negotiating power relations between
different communities of practice (compare with Aldrich & Herker, 1977).
2.4 Boundary spanners
The concept of boundary spanners (Tushman & Scanlan, 1981) is used here for interpreting
how certain members of a community can act as boundary brokers and create an arena for mutual
engagement where new practices are likely to emerge (Wenger, 1998). Boundary spanners are,
according to Williams (2002), “key agents” managing inter organisational activities. Williams
(2002) define “the competent boundary spanner” as follows: The boundary spanner is an
individual with networking skills and the ability to cultivate inter-personal relationships. The
“competent boundary spanner” builds sustainable relationships, manage through influencing and
negotiating, manage complexity and interdependencies as well as manage roles, accountability
and motivations (Williams, 2002). The boundary spanner has communicative and political skills
and the ability in bridging interests, professions and organisations (Webb, 1991, in Williams,
2002). Summarizing, boundary spanning includes the process of exploration, discovery and
understanding of people and the professions and organisations they represent. By referring to
Williams (2002, p. 115) boundary spanning is “a search for knowledge about roles,
responsibilities, problems, accountabilities cultures, professional norms and standards,
aspirations and underlying values”. Boundary spanning could thus be understood as inter
organisational multi professional management requiring advanced capabilities in stakeholder
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management.
3 RESEARCH APPROACH
3.1 The Case
The project studied is a collaborative construction project executed in Sweden. When finished
the building will be more than 13 000 square meters. The case project duration is 4.5 years and
the project has a budget of approximately 450 million SEK. The building is a public building
with more than 13 000 square meters. The procurement form was “General Construction in
collaboration” (from the employer/ owner perspective) and “Partnering” (from the contractor
perspective). The aim was to implement and follow a collaborative approach based on trust, open
economy and mutual goals, and to share responsibility for the project between the main project
stakeholders. The case project also had specific characteristics such as a complex and innovative
architecture that demanded innovative solutions concerning construction, communication,
material, logistics and installation. The site was narrow, which put pressure on organising for
example site offices, site works, deliveries and logistics, and there are also several strong project
stakeholders involved, all anxious about this becoming a successful project that would meet their
high spoken and unspoken expectations. There were also several different opinions on the best
way to improve the construction process and several company specific management and quality
systems interacting in the project.
3.2 The Case study
The case project is selected based on the following collaborative project characteristics:
mutual goal, open economy and relations built on trust (compare with Nyström 2005, 2007,
Kadefors, 2004). This case study has followed a longitudinal case study approach (Yin, 2008)
and was conducted from autumn 2010 until autumn 2012. The purpose has been to study how
project communication and collaboration in contemporary construction project practice is
pursued and contribute to both project research and construction project management practice
(Eisenhardt, 1989). Interpretative case studies are recommended when the aim is to understand
emerging processes (compare with Linderoth & Jacobsson, 2008).
The research approached practiced is qualitative and interpretative (Silverman, 2001). There
have been interviews conducted with participants from project stakeholders and also participant
observations at formal and informal meetings in and outside the project office and on and off the
construction site. The 19 interviews with project stakeholders covers both the design and
production phase and were based on a semi structured interview guide with open-ended
questions. The interviews have been transcribed and analysed. The argument for using interviews
as a main source for information was that they can provide insightful information and can be
focused on the research topics (Yin, 2008). In particular, face-to-face interviews provide a rich
form of interaction where multiple cues such as facial expressions and tone of voice facilitates
the dialogue (Daft & Lenger, 1986). There have also been regular dialogs along the project
process with stakeholders and both internal and external documents such as project time plans,
organizational charts and collaborative project goal statements have been analysed. The analysis
followed an interpretative and exploring process, rather than confirming (compare with
Eisenhardt & Graebner, 2007), searching for emerging patterns and themes (constructs) in order
to gain a comprehensive understanding of the collaborative process.
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4 FINDINGS
The case project was initiated by the employer/owner with high collaborative ambitions as
well as ambitious intentions for innovative design, effective communication and high project
performance. Hence, the case findings will first be presented on a project stakeholder level and
then with focus on boundary spanning activities and boundary spanners.
4.1 Project stakeholders
The main project stakeholders (Figure 1) were the owner (a large governmental property
owner in Sweden specialised in higher education and research) who was going to own and
facilitate the building with a long term perspective, the tenant (a university), the contractor (a
major Nordic building company), the architect firm (internationally well known architect), the
founder (a trust), the engineering consultants (for example structural engineer, electrical engineer
etc.) and the subcontractors.

Founder

Owner

Tenant
Contractor

Architect firm

Engineering Consultants

Subcontractors

Figure 1. Main project stakeholders and their formal relations in the case project.

The project organization also included several managers with explicit coordinating roles and
responsibilities (Figure 2). The owner’s project manager was overall responsible from the
owner side. During planning and design there was design managers contracted by the owner to
coordinate the design process together with tenant, consultants and architect. These design
managers, of which one had a background as architect and the other a background as civil
engineer, were responsible for organizing and managing the design meetings. The owner had
decided that the design process would be performed using 3D-object based modeling why a
specialist in BIM (Building Information Modeling) also was contracted to act as BIM-manager.
This BIM-manager was responsible for coordinating and managing the BIM-meetings during
design works and for supporting the architect and the technical consultants when developing
their separate A, V, E and K – models. The BIM-manager was also responsible for integrating
the separate models into one mutual project BIM-model.
The case project was executed in an urban area currently under extensive development. Thus,
several major construction projects were pursued in parallel in the same urban area. There were
for example several office buildings being build just nearby the site. In addition, there were
major road works going on in the area that made the traffic situation complex. The owner
managed this complex urban-multi-project context by contracting a project coordination
manager who had the overall contextual perspective and who regularly participated in other
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projects project meetings and reported to the owner´s project manager. Also, the project
coordinator visited the project office, where the owner, the design managers, the contractor and
many of the engineering consultants were located during the design works, on a regular basis.
There was also a collaboration manager contracted by the owner already during the design to
facilitate a collaborative approach. The collaboration manager prepared and facilitated regular
one-day collaboration workshops with project “ambassadors”, i.e. pinpointed core
representatives from the main project stakeholders.

Project coordination manager

Owners project manager
BIM-Manager
Architect firm
Design managers
Engineering Consultants

Owner

Founder
Tenant

Contractor
Subcontractors
Construction managers

Collaboration manager

Figure 2. Different managers responsible for coordination and control in the case project.

During production, the contractor’s project manager managed the work in close cooperation
with the site manager, the installation manager, installation coordinator, several foremen and
many subcontractors. There were also construction managers as the owner´s representatives
always on site facilitating and controlling the production work and acting as link between the site
management team and the owner´s project manager. The design managers and representatives
from the architect as well as some of the consultants were also regularly partaking in meetings as
the site office to follow up the production.
4.2 Boundary spanning activities
The collaborative project approach applied in this case with mutual goals, open economy and
relationship based on trust, was a relatively new organizational setup for most case project
stakeholders. The purpose of the collaboration project was, according to interviews “to jointly
work for the projects best” and “always put the project first”. This project was also said by
several of the interviewed project stakeholders to be “the most collaborative project” they had
ever taken part in and it was the project “that has taken collaboration most serious”. However,
from the overall and legal perspective following the general construction procurement form, the
owner was overall responsible for the whole construction project process, from initiation to
handing over. A mutual collaborative goal agreement was developed in the early stages and
signed by all main project stakeholders to establish commitment. To facilitate continuous
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commitment and improvements, the agreement has been followed up by surveys and regular
discussions at the regular collaboration workshop meetings facilitated by the collaboration
manager. There was also a target price developed in order for the main stakeholders to mutually
gain economically from keeping up an efficient collaboration and an effective and productive
project process.
There was extensive boundary spanning activities facilitated and pursued during both design
process and production process of with the three boundary spanning patterns was found to be of
vital importance for efficient collaboration: geographical boundary spanning, professional
boundary spanning and stakeholder boundary spanning.






Geographical boundary spanning was facilitated when co-locating the owner, the
contractor, engineering consultants, collaboration manager and project coordination
manager to a joint project office during the design process. Managing collaboration by
arranging a shared social space facilitated improved collaboration by informal
communication, exchange of previous experiences and and mutual sense making. A
shared social space was in the same vein was also arranged during the production
process.
Professional boundary spanning was facilitated when arranging a two-day kick-off
meeting at a conference centre with invited presentations and facilitators from both
academia and practice to build relationships and begin to make sense of the project
and its challenges. Also, there was professional boundary spanning pursued when
combining professionals with different special competences such as architecture,
structural engineering, finance, material technology etc. in focus teams when
managing complex and innovative issues such as the façade. Regular design meetings
also facilitated the continuous integration of professions and competences.
Stakeholder boundary spanning was facilitated by the overall organizational
infrastructure with a collaborative project approach including a target prise and a
mutual goal agreement. This made problem solving more transparent during the
project process, which supported for example the handling of crisis situations such as
when certain project stakeholders didn’t perform or act as promised and/or expected.
There was also joint technical infrastructure facilitating efficient collaboration such as
a joint digital 3D-model and a joint project IT-platform.

These three types of boundary spanning form together what could be proposed as a new
typology of boundary spanning for efficient collaboration in construction projects. Management
of efficient collaboration in construction projects thus includes facilitating shared spaces, multi
professional focus teams and collaborative tools and infrastructures.
4.3 Boundary spanners
Boundary spanning can be facilitated in different ways. But who makes it possible? In the
interviews during design and production, the interviewees have addressed more than twenty
different “managers” in relation to the case project. For example “project manager”, “design
manager”, “site manager”, “construction manager”, “installation manager”, “BIM-manager” and
“collaboration manager”. These “managers“ were coordinating project works and supporting
integration of for example different geographical locations, professions and stakeholders. These
“managers” were exposed to a major amount of complex information, for example project plans
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and specifications as well as digital 3D-models, which they had to make sense of, interpret and
pass on. Most of them were located in the joint project office (during design) and the joint site
office (during production) which supported the communication and which made it easier to share
and interpret complex information. Most of them were partaking already in the early phases of
the project, such as the project manager, the design managers, the collaboration manager and the
BIM-manager, while others entered the project later on. While most of the managers were
partaking in the project through both design and production, however some of them with a
limited presence, there was also “managers” that left the project while still in progress, as for
example the BIM-manager. The boundary spanners in the studied project were several (see
figure 2) and they served as links between the organizations, professions and process stages to
facilitate efficient collaboration.
5

DISCUSSION AND CONCLUSION

There were boundary spanning activities pursued in the case project to facilitate efficient
collaboration between the project participants. Geographical boundary spanning, professional
boundary spanning and stakeholder boundary spanning are three types of boundary actions that
had great impact on the collaboration and how information was exchanged and how problems
where handled in the studied project (compare with Karrbom Gustavsson & Gohary, 2012)
(Figure 3). These three types of boundary actions have to do with improving communication,
sense making and trust and breaking down traditional ridged boundaries between organizations,
professions and phases (Dainty et al, 2006). This was managed by creating joint social arenas,
collaborative forums and interactive infrastructure and tools – physical and/or digital – where
people from different geographical locations, with different professions, representing different
project stakeholders could meet, develop trust, interact, elaborate and learn from each other. It
was also done by digital representations such as digital 3D-models supporting visualisation and
sense making processes in order to facilitate collaboration, innovation and learning between
people from different geographical locations, with different professions representing different
companies (Runberger, 2012). However, boundary action in collaborative construction project
practice is dependent on collaborative interaction, making the spanning of boundaries a joint
effort. As the examples from the case project is showing, neither co-location, focus teams nor
joint infrastructure and tools, could be accomplished without collaborative boundary action.
Consequently, efficient communication is a prerequisite for boundary action (compare with
Dainty et al, 2006).
Geographical boundary spanning
Managing efficient collaboration in
Professional boundary spanning

construction projects

Stakeholder boundary spanning

Figure 3. A proposed model for managing efficient collaboration in construction projects.
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For boundary action to take place there is a need for individuals, i.e. boundary spanners or
“key agents” (Williams, 2002), to initiative, facilitate and maintain relationships to make
boundary-spanning activities possible. There were several “managers” identified in the case
project, of which all, on a general level, can be interpreted as boundary spanners or “key agents”
in Williams (2002) terms. There were obviously differences among the boundary spanners in the
case project, for example on how long they were partaking, their informal power and if they had
external relationships or not. It is also of importance to critically reflect on the number of
managers in one project (more than twenty in the case project) and the risk for confusion,
communication errors, mistakes and information overload with unclear and/or overlapping roles
and responsibilities in complex organisations such as construction projects. It is also important to
reflect on the role of the project manager in construction project compared to other industries.
Collaborative approaches and joint problem solving in order to make the collaboration more
efficient is also a current focus in for example process development research (Rönnberg-Sjödin,
2013). Still, the “managers” in the studied project played important boundary action roles when
spanning boundaries by developing communication and integrating competences and processes
in the case project. As such, they were organisational innovators. Thus, further research on the
boundary spanning role is of importance for the development of construction project
collaboration.
5.1 Conclusion
The case project in this study, with its high collaborative ambitions, can be interpreted as an
example of boundary spanning in itself, distinguishing it from other ‘conventional’ construction
projects. The project is thus interesting as a role model for management of efficient collaboration
in construction and the proposed typology outlined in this paper (Figure 3) can serve as a
management model. The boundary actions identified contribute to construction project practices
evolving towards more integrated project processes and towards a renewal of construction
project practice. The conclusion is that more knowledge and understanding of boundary actions
and boundary spanners is of importance for management of efficient collaboration in
construction.
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Abstract. Relations with the end user in construction have traditionally been attributed to the
architect, the profession “taught” to understand the customer. However, the main work in designing a
living environment of value for the end user is attributed to engineers, who traditionally work with
figures & facts and are therefore sparingly trained in handling subjective customer relations. From
an engineer’s point-of-view, end user value is therefore difficult to define and to evaluate. Currently
there seems to be no concept directly applicable for engineers to assess and quantify construction end
user values. The purpose of this paper is to investigate whether there are concepts, methods, tools,
etc. able to quantify more subjective construction end user values such as mental, emotional and even
spiritual well-being. It is evident that the built environment is designed with the perspective of the
consumer in mind. However, there are surprisingly few studies that manage to quantify subjective
well-being. In comparison with construction design, there is a deeper involvement of the human in
automotive design, partly due to the commercial impact of designing car interiors that “sells”. Based
on a literature survey, it is proposed that assessment of occupant well-being in housing is based on
methods from automotive design, such as Kansei Engineering. However, to be valid in housing
design, these methods should be complemented with the dimension of space available in interior
physical design as well as concepts from healthcare design that covers spiritual needs.

KEYWORDS: End user value, Indoor environment, Personal well-being, Automotive design
1 INTRODUCTION
We spend at least 90 % of our lives inside buildings, of which about 65 % is spent inside
our homes (Bakke, 2008). The indoor environment has also received increased interest over
the past years due to the attention in constructing better insulated and more airtight housing
that, at least in some cases, has resulted in poor living conditions. A Danish study of passive
housing (Brunsgaard et al., 2012) indicated that the occupants found the air temperature too
hot in the summer and too cold in the winter. Passive housing is but one example of where
the value of the construction end user, the resident, has not been analyzed thoroughly.
Current research on housing preferences emphasizes, for example, the importance of
inside space for different age groups, e.g. middle aged families with children require space
while elderly find too much space a chore to keep tidy (Kelly et al., 2011). Consequently, the
preference of housing is subjective and should be adapted to the occupant. Thus dwellings
should require a wider range of criteria to cover a whole life span. An emerging theme in
housing literature is to conceptualize people’s lifestyles as values (Jansen, 2012), e.g.
hedonism, stimulation, self-direction, tradition, security, etc.
However, there seems to be no direct relation between lifestyles and the occupant’s health.
Also, studies of subjective nature in relation to dwellings are limited. The direct health aspect
of human well-being is mainly physical, i.e. detrimental health effects from emissions, mold
and fungi, etc. (see e.g. Bakke, 2008). These direct physical health effects are quite
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thoroughly quantified in both theory and practice. However, the concept of well-being is
much more complex and requires a deeper understanding of what makes us human beings
feel well. Well-being is subjective and personal, with research widely published within the
health sector, architectural psychology and similar fields. However, the use of terminology in
relation to well-being is far from consistent.
Before the Second World War, accepted concepts of health focused on symptoms and
illness, considering the body as an isolated entity with its own psychological mechanisms
(Panelli & Tipa, 2007). During the postwar period, human health has been subject to
increasing interest (Hammarström & Torres, 2012). Contemporary terms used in conjunction
with well-being are for example quality-of-life, wellness, health, happiness, etc. Clearly, the
understanding of well-being has changed to include the time factor (Gatterman & Brimhall,
2006), characterizing being well as a development process; being able to creatively adapt in
all aspects of life resulting in an optimal level of functioning.
‘To improve, one must be able to measure’ is a classic quality management statement.
Consequently, to improve on the well-being (or living conditions) of construction end users,
it is required that their well-being is possible to assess. However, this is a difficult task as it
remains unclear what precisely constitutes well-being in relation to housing and living. This
paper investigates what constitutes personal well-being and whether there are concepts,
methods, tools, etc. able to quantify more subjective construction end user values such as
personal well-being. This paper examines such initiatives using literature surveys of different
theoretical fields, ranging from healthcare and universal design to exterior and interior
automotive design.
2 PERSONAL WELL-BEING & LIVING CONDITIONS
Hettler (1984) expanded on the current wellness model to include physical, emotional,
intellectual, spiritual, social and occupational factors. Published literature agrees that
subjective well-being includes cognitive evaluations of life as well as emotional states (see
e.g. Windle & Woods, 2004). Hatfield & Hatfield (1992) emphasized cognitive processes as
a significant catalyst for overall well-being, including intellectual, physical, social, emotional,
occupational and spiritual levels. The expanded health concept encompasses all aspects of a
person, namely mind, body and spirit (Donatelle et al., 1999). The underlying basic model of
well-being that emerges in literature is thus that of feeling well considering a person’s
physical, emotional, mental and spiritual states (Table 1).
Table 1: Characterization of the four traditional dimensions of quality of life

LEVELS OF LIFE ENERGY
Spiritual
Mental
Emotional
Physical - practical

HUMAN ACTION
Believing
Understanding
Feeling
Sensory input and movement

ACADEMIC DISCIPLINES
Religion, spirituality
Philosophy, conceptual sciences
Social & aesthetic sciences
Natural sciences

This division (Table 1) describes four life spheres acting on different levels of complexity.
In this view, we may apply the term “energy” as the driving force of all kinds of human
activity, not merely in regard of physical existence or basic functions. Staying alive requires
energy, so does feeling, thinking and believing. The basic structure is elaborated from wellestablished architectural theory since antiquity, adding a mental and spiritual concept to the
Vitruvian canon of firmitas (physical), utilitas (practical) and venustas (emotional) levels
(Vitruvius, 1960). This was an adaptation of the Greek concept of rhetoric, referring to logos,
pathos and ethos, naming the physical-practical, emotional and mental levels. Consequently,
the human organism and the built environment can be described and analyzed as an energy
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system of which humans, animals, plants and even the earth itself are parts of.
On a physical-functional level, this is obvious. Food, liquid and air is constantly shifted
and transformed between the human body and its surroundings, for mutual benefit as exhaled
carbon dioxide and physical litter are nutrients for other organisms. Our argument is that
there is a similar, mutual relationship on the emotional, mental and spiritual levels, although
gradually more complex to detect, describe and evaluate. Higher order animals may take part
on the emotional energy levels, although man seems to be alone in regard to abstract concepts
and beliefs. Cultural and architectural history show that man, constructing his own
surroundings, continuously has attempted to make buildings corresponding to all life spheres,
ranging from physical necessities to spiritual aspirations. In fact, spiritual input in the built
environment has dominated cultural and urban centers throughout history!
Our basic assumption is that people interact with the environment as an integrated part of
it, in a way that maintains or leads to physical, emotional, mental and spiritual balance. This
interaction is simultaneously taking place on all energy levels by e.g., breathing, eating,
drinking, building complex and beautiful shelters, living in them, creating cities and societies,
etc. Well-being can be regarded as balanced development of health and performance on all
levels. This corresponds to a sustainable energy system in continuous evolution. Well-being
in this regard thus means more than sufficient heating, safety, enough space, etc. However,
this merely corresponds to physical and practical needs. In addition, a quality house also
satisfies emotional, mental and spiritual needs (Table 2). On lower levels, the house satisfies
basic needs, and on higher levels it increasingly becomes a platform for human activity.
Table 2: Example of relations between different functions of a home and life energy
LIFE ENERGY

Spiritual

Mental

Emotional
Physical practical

MAIN GOALS
Purity, refinement. Suitability for
reflection, human development and
inner peace. Avoid disturbance
through excessive sense stimulation.
Preferred symbolism according to
belief or spiritual practice.
Clarity, logic form and placement
according to chosen concept,
function, environment and users. A
meaningful place, suitable for mental
work, reasoning, discussion etc.
Harmonious, beautiful, appealing,
comfortable, suitable for social life.
Energy efficient, safe, solid, clean,
warm, light etc. Physical necessities
organized in a practical way.

WORK AREAS
Structural harmony and clarity in form,
sound, light, color, etc. Richness without
excess, clarity without monotony. Organic
as well as geometric forms, reflecting
nature and creation (the human organism
has no straight angles or flat planes).
Logic and reasonable combination of
aesthetics and construction/function.
Logic solutions. Ethical approach,
choosing the right projects and working
the good way, according to chosen moral
standards.
Aesthetics, color, indoor and outdoor
design, building shape etc.
Accessibility, acoustics, heating/cooling,
light, air, water, waste, energy economy,
etc. Basic Needs of shelter and safety.

The challenge in applying the energy model is to describe specific functions in a home in
relation to ordinary activities and the function of different rooms (rest, play, sleep, make
food, eat, home office, religious practice, etc.). The challenge is also to describe or classify
specific characteristics of interior objects (color, forms, materials, furniture, etc.), in relation
to the levels of the energy system (Table 2). The assessment process is also challenging in
that the described human functional levels coincide with a scale ranging from quantitative to
qualitative, physical functions being at the quantitative end while spiritual functions belongs
to the qualitative sphere. Also, addition of the time factor to the space factor complicates
matters but is essential as people renovate, expand, fix, move, buy, sell, etc.
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3 INTERIOR DESIGN: DOMAINS & PURPOSES
Interior design involves turning an interior space into an effective setting for the range of
human activities that are to take place there. Interior design often is used in reference to
esthetic aspects but with the introduction of Universal Design (Mace, 1998), modern interior
design also takes the perspective of the physically and mentally disabled in designing for
accessibility and usability. Interior design of public spaces takes a wider perspective to focus
on, for example, leisure and socialization (Aktas, 2012) and safety and ergonomics for
workplaces. Thus, an interior includes not only furniture, wallpapers, and fabrics but also
lightening, layout, etc. Other environments where people spend substantial parts of their life
in are cars, trains, and airplanes. You et al. (2006) stated that the esthetic aspects of interior
car design have increased as the functional characteristics have reached satisfactory levels.
The role of healthcare for people wellness is a topic that continuously renders discussion.
According to Ulrich (1991), health facilities design has traditionally emphasized the
functional delivery of healthcare, i.e. efficiency, safety, patient throughput, etc. Ulrich (1991)
referred to the functional health facility as being psychologically hard as they are stressful
and unsuited to the psychological needs of patients, visitors, and staff. There is a growing
body of literature dealing with the soft interior design of healthcare facilities. For example,
Daykin et al. (2008) studied the impact of arts, design, and environments in mental care
concluding that all three aspects has a positive influence on staff and patients.
Interior design of homes and public spaces can be divided in construction and design
considering the functional (physical) and aesthetic (mental and emotional) attributes
respectively (Table 3). There is also a growing body of literature concerned with spiritual
design where one example is workplace spirituality (e.g. Garcia-Zamor, 2003) that refers to a
state of being rather than physical design of office space. Healthcare facility design is another
example that can be regarded as a specific form of interior design that is challenged to meet
the needs of religiously diverse populations (Schweitzer et al., 2004). Finally, the domain of
automotive design can be divided in perceived quality of the exterior design (emotional) and
of the interior design (emotional and mental).
Table 3: Domains studied to obtain knowledge on assessment concepts of personal well-being.

DOMAIN
Interior physical design
Interior aesthetic design
Healthcare facility design
Automotive design

CORRESPONDING LIFE ENERGIES
Physical (functional demands, e.g. fire, sound, air quality, etc.)
Emotional (esthetic values, feeling good)
Spiritual (Healing and calming environment)
Emotional (comfortable to use) & Mental (Logic usability)

The purpose of each domain of interior design, as specified in Table 3, is analyzed in
accordance with the life energies of personal well-being (see Tables 1 and 2). Observe that
higher levels in the hierarchy, the mental and spiritual states, always include the lower. For
example, there are no aesthetic qualities (emotional) present if the building has collapsed due
to bad construction (physical-practical). A spiritual building may contain the right symbols
and codes, but if it is poorly shaped and looks ugly (emotional), its purpose will fail. Design
concepts from these domains (Table 3) will be explored for knowledge of how subjective
well-being is assessed, if at all.
4 ASSESSING PERSONAL WELL-BEING
4.1 Interior physical design
A fundamental demand on the built environment is human safety from structural failure
(collapse), as regulated by the government (building codes) on all constructed buildings
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(Björnfot and Stehn, 2007). Additionally, the building codes provide guidelines and demands
on energy expenditure, water quality, air quality, etc. Design of the floor-plan layout
normally belongs to architectural design. However, design of the floor-plan layout can also
be regarded as a functional demand as the layout ultimately affects how we come to use our
home. van der Voordt et al. (1997) stated that every floor-plan is a reflection of the goals and
activities of the user; failing to match the sociocultural goals and values of its users can lead
to inconveniences, reduced productivity, stress, etc.
There is a plethora of available literature on automatic generation and optimization of
floor-plans (e.g., Michalek & Papalambros, 2002) where the main challenge is to provide an
efficient link between different spaces (Merrell et al., 2010). Architectural and design
literature seems to lack methods that actually manage to quantify user behavior, but there are
exceptions. Indraprastha and Shinozaki (2012) proposed the evaluation of visual openness,
privacy and physical accessibility as measures of spatial quality. Visual openness and privacy
are dependent on the existence and placement of windows and doors. Physical accessibility
depends on viewing angle and distance that in turn are dependent on where windows and
doors are placed in relation to a person traversing the room (Figure 1).

Door

Distance
door

Distance
windows

Window

Viewing
angle

Window

Window

Door

Window

Figure 1: Measurement of viewing angel and distance. Adapted from (Indraprastha and Shinozaki, 2012)

Distance represents the accessibility of an enclosed space, i.e. the distance from the center
to the nearest door (Indraprastha and Shinozaki, 2012). However, the importance of walking
distance is far greater than accessibility, such as fulfilling fire regulations (Lee at al., 2008)
and providing elderly with an environment with reduced risk of falling and injury (Wert et
al., 2010; Marquardt et al., 2012). The theoretical fundament of distance and accessibility is
based on wayfinding logic (Passini, 1996). Wayfinding is composed of the spatial
organization of a setting, the circulation system as well as graphic communication providing
ease of circulation, clear information displays, clear directions, physical and psychological
accessibility and building safety through familiar emergency routes (Passini, 1996).
Lee at al. (2008) presented a method able to measure walking distances within building
using the Universal Circulation Network (UCN). The UCN is a graph structure that is placed
on top of a Building Information Model (BIM) for representing building circulation and
calculating walking distance. Lee at al. (2008) argued that the UCN can be applied to any
building information model and that it provides an exact method for distance measurement
based on a pedestrian’s visibility in traversing a space. Walking distance is thus not only
based on straight lines from door to door but modeled by concave and convex points to better
simulate natural behavior when traversing a space. What the UCN does not consider though
is the individuality of people as people seldom follow the same path.
4.2 Interior aesthetic design
The Latin term ”aesthetica” can be translated as perception, sense, feeling, awareness,
knowledge of the fine arts, and the standards used to understand them (Caspari et al., 2006).
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Aesthetics influence a person’s feelings, both physical and psychological. Also, aesthetically
pleasing surroundings will improve a person’s affective condition and contribute to a feeling
of well-being. The aesthetic dimension is multifaceted covering a large range of concepts.
Analyzing the strategic plans of Norwegian hospitals, Caspari et al., (2006) identified a
number of categories as belonging to the aesthetic domain:
-

Harmony (e.g. tidiness, balance, hygiene, etc.)
Art (paintings, sculptures, pictures, tapestries, decors, etc.)
Light (sun, daylight, electrical or artificial light, fittings, lamps, etc.)
Colors (walls, ceilings, floors, textiles, curtains, furniture, etc.)
Design (furniture and curtains)
Nature (plants, flowers, trees, view, air, etc.)

Harmony: In order to evaluate the tidiness of an environment, Rawassizadeh et al. (2011)
applied a still camera that continuously captured the tidiness of an area. To change user
behavior, a measurement process was developed that compared the actual tidiness with an
ideally ordered environment. In order to measure the tidiness of a target environment, the
difference between the ideal image and the recent image was calculated by measuring the
difference in color intensity between two images. It was proposed that the tidiness status be
shared in social networks to further motivate individuals' tidiness. The relation between
tidiness, hygiene and health is obvious, or as Curtis (2007) stated; “dirt causes disease”.
Art: Naturalistic environments seem more appropriate for recovery while abstract images
and noisy, institutional or urban environments may contribute to increased stress (Daykin et
al., 2008). Stuckey and Nobel (2010) stated that although there is evidence that art is effective
in improving well-being, it is largely unknown how the health status is enhanced. Hagtvedt et
al. (2008) developed scales for the emotional and cognitive components involved in the
perception of visual art and presented an evaluation model that integrates these components.
The variables, creativity and skill/formal execution, are viewed as fundamental building
blocks of the overall evaluation of artworks.
Light: There are three perspectives to light quality (Halonen et al., 2010); the visual aspect
(visual comfort and performance), the psychological aspect (pleasantness of the visual
environment and its adaptation to type of room and activity), and the health aspect (the strain
on our eyes caused by poor lighting). Glare from sunlight is a visual discomfort which Sarey
Khanie et al. (2011) used eye-tracking to assess, concluding that eye-tracking can identify
objective relationships between eye-movement patterns and perceived comfort, and between
occupant response and lighting conditions. Tschiedel Martau et al. (2010) assessed lightning
quality using a framework that focused on lighting quantity (sunlight and fixtures), visual
comfort (reflections and glare), natural lighting, predominant color appearance, predominant
light bulb, and subjective satisfaction with the lighting conditions.
Colors: Color can produce certain autonomic biological reactions, create certain emotional
responses, and obtain attention (Bellizzi et al., 1983). Using an experimental color wall,
visualizations of a furniture store, and questionnaires, Bellizzi et al. (1983) found that
regardless of color preference, subjects are drawn to warm colors (red and yellow) even
though the subjects stated that warm colored environments are generally unpleasant. The
evaluation of color depends on subjective color impression based upon our psychological
pattern of perception, our aesthetic response and individual character (Donath & Tonn, 2004).
Consequently, it is difficult to quantify subjective color impressions.
Design: In a living room the furniture should support comfortable conversation and align
with prominent features of the space (Merrell et al., 2011). Based on interior design
guidelines, Merrell et al. (2011) proposed an interactive furniture layout system taking into
account circulation, conversation, visual balance, alignment, and emphasis. Considering
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Asian open living environments, Yong & Yun (2010) evaluated the effect on air speed,
temperature and daylight of different furniture layouts that create “islands” of privacy.
Furniture layouts were analyzed using behavior maps based on a participant log reporting the
location, length of time, and type of action.
Nature: There are beneficial effects of indoor plants on psychophysiological stress, task
performance, and symptoms of ill health (Bringslimark, et al. 2007). People, who are present
in a room with plants, or a view of nature, have a significantly larger tolerance to pain than
people in rooms without any plants (Lohr & Pearson-Mims, 2000). Ulrich (1991) found that
viewing nature involve a broad shift in feeling towards a more positive feeling state and
sustained attention. Through questionnaires among office workers, Fjeld (2000) concluded
that foliage plants appreciably influence health and discomfort symptoms.
4.3 Healthcare facility design
A sacred space is, according to Garg (2010), a space that integrates, accommodates and
expresses spirituality. Garg (2010) further states that a sacred space is a space that is built to
help people escape from their ordinary everyday life to an extraordinary place by
symbolizing religious beliefs and facilitating communal rituals. Sacred spaces have the
potential for peace, understanding and love. According to Schweitzer et al. (2004) there are
few spaces in hospitals that reflect the spiritual needs of patients, families, and staff.
Surprisingly, healthcare facilities rarely differ in design from nonreligious institutions other
than status or crosses in for example patient rooms. Nature spaces that provide images of life
renewal are the most universal image of spirituality (Schweitzer et al., 2004).
The presence of light and the control of sound, smell and microclimate are all important
characteristics of a spiritual environment (Rosenblatt Naderi, 2004). Nabreski Schmock et al.
(2009) stated that a sacred space environment combines soft lightning, warmth, selected
music, and art. The sacred, or spiritual, space thus attempts to provide a harmonious
environment. Schweitzer et al. (2004) performed a survey of physical parameters that provide
positive healing effects for body and soul, concluding that much attention has been paid to
the design and creation of healing environments but must efforts are under-researched:
-

-

Personal space. Patients treated in single rooms are more satisfied as it ensures
better staff communication, less transfers, comfortable inclusion of family, etc.
The sensory environment. Pleasing aromas (smells), reduced sound/noise and
comfortable temperature can reduce patients discomfort and improve healing.
Environmental complexity. A variety of spaces (visually accessible versus visually
enclosed) and multiple “sensory retreats” in a building are important for emotional
and cognitive functioning and affects patient healing.
Light (natural and artificial). Visible light has an effect on both physiologic
response and mood. Less daylight has been shown to trigger depression and fatigue.
Color. Colored light can improve intellectual capacity as well as mental, emotional
and physical well-being and performance.
Viewing nature. Views of nature have a restorative effect on patients as well as
staff. Lack of windows has been linked to anxiety and depression.
Arts, esthetics and entertainment. Arts are assumed to lower stress and anxiety as
well as to promote restoration from stress and improve moods.

Healthcare facility design has increasingly come to involve evidence-based design that
emphasizes the importance of credible data in an effort to improve overall health care quality
and ecology, reduce stress for patients and employees, and improve the safety of patients and
nurses (Cesario, 2009). A key point of evidence-based design is the architectural design of
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healthcare facilities (Cesario, 2009). Examples of outcomes measures related to the
healthcare setting are (Schweitzer at al. 2004);
-

Staff and patient satisfaction
Stress behavior
Sleep questionnaire
Patient comfort (self-rating)
Well-being, mental status, anxiety, and depression scale scores
Physiologic indicators such as heart rate, blood pressure, etc.

4.4 Automotive design
The visual aesthetics of the car exterior is a paramount factor in the buy or not-to-buy
decision of cars (Ranscombe et al., 2012); it is not the sum of information that influence
response but the potency of included geometries. Orsborn et al. (2009) attempted to quantify
the qualitative attribute of form and estimate customer preferences. First the product form is
broken down into characteristics. Then each characteristic is subdivided into curves needed to
represent that characteristic. The representation of the curve is then divided into its atomic
attributes, i.e. vectors, scalars, and functions. Utility functions were then used to relate
product shape to customer preferences. As utility is subjective, a survey form was used to
assign weights to individual atomic attributes. However,
“…while exterior styling is said to be responsible for “love at first sight”,
interior styling and value perceived should make this love everlasting. The fact
that many people spend more time in their car than in their living room is one of
the reasons for the current market trend towards premium-quality and distinctive
vehicle interiors.” (Weber, 2009)
You et al. (2006) identified material design variables of interior part of vehicles by
surveying customer reviews of car interiors on the web, opinions of interior design engineers,
etc. For the crash pad 13 material design variables were identified ranging from saturation
and shininess to surface roughness and slipperiness. Using the quantification I method
(Tanaka, 1979), material satisfaction models were developed by analyzing the material
design characteristics and satisfaction evaluations. The study by You et al. (2006) showed
how to consider the technical and practical significance of design variables that many Kansei
Engineering design studies often omit.
Kansei Engineering attempts to produce a new product based on the consumer's feeling
and demand, or to grasp vague demands of the consumer and develop products based on the
user's words (Jindo &Hirasago, 1997). The Kansei engineering method was developed in
Japan in the early 1970’s. Kansei is a Japanese term which means a consumer's psychological
feeling and image regarding a new product (Nagamachi, 1999). Using Kansei Engineering,
Tanoue, et al. (1997) explored 'Roominess' and 'Oppressiveness' of a vehicle interior while
Jindo &Hirasago (1997) used Kansei Engineering to analyze four design elements of an
analog speedometer (the design process is illustrated in Figure 2).
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1. IDENTIFY ATTRIBUTES
Identify and define design
elements

3. KANSEI ANALYZE
Using e.g. 7-point
semantic differential scale

5. MAKE DESIGN
Quantification I method
(multiple regression)

4. INTERPRETATION
2. KANSEI SURVEY
Factor analysis of
Identify adjective pairs
Figure 2: A general
Kansei Engineering
from Jindo
pairs &Hirasago (1997).
adjective
vs. clean process with examples
e.g. cluttered

Karlsson et al. (2003) used Semantic Environment Description (SMB) to evaluate the
impression of a vehicle interior. The SMB-method measures the impression with eight
factors: pleasantness, complexity, unity, potency, social status, enclosedness, affection and
originality. SMB is based on three steps that are similar to those of Kansei Engineering; 1)
Construction of semantic scales for product/environment evaluation, 2) Assessment with the
semantic scales, and 3) Interpretation of semantic scale assessment. Using a questionnaire,
four distinctly different car interiors where evaluated. Karlsson et al. (2003) concluded that
with the SMB method it is possible to obtain values on important ‘intangibles’ in the
impression of an interior.
Other interiors of importance for its ‘customers’ are for example planes and trains. Using
the magnitude estimation technique, Han et al. (1998) conducted a psychophysical
experiment to evaluate the interior design alternatives of a high-speed train. The magnitude
estimation technique makes a respondent express his/her strength of preference as a
corresponding numeric estimate. A train coach simulator was built to provide the interior
environment of a high-speed train. The factors investigated were seat direction, age of
subject, and activity. The subjects involved in the experiment expressed their preference
quantitatively. An important finding was that passengers prefer seating in a forward direction
which implies that if the swiveling function is not implemented to secure more transportation
capacity, an enormous decrease in passenger comfort would occur.
5 DISCUSSON & CONCLUSION
The purpose of this paper was to investigate whether there are concepts methods, tools,
etc. able to quantify more subjective construction end user values such as mental, emotional
and even spiritual well-being. We have explored a plethora of different methods, tools,
concepts, etc. that are used to evaluate how human beings appreciate the environment that we
live in. With environment in this case are not only meant households but also automotive
interiors and healthcare facilities. From the exploration it is evident that the built environment
is designed with the perspective of the consumer in mind. However, there are surprisingly
few studies that manage to quantify subjective well-being.
An example of this is Universal Design that is increasing in popularity among researchers
and practitioners. The goal of Universal Design is to design a universal built environment that
is accessible by all human beings (Mace, 1998), both young and old, both healthy and those
physically and mentally deprived. Universal Design is composed of a number of design rules
for accessibility and usability. For example, Hjelseth & Nisbet (2011) evaluated a common
Universal Design rule, an access route to a building, which basically only considers
geometrical restrictions. Consequently, the relation between how the human being
experiences the environment seems to be lost in the transition to design rules.
In the automotive industry there is a different approach to the involvement of the human
being in design. One reason is of course the commercial impact, i.e. designing for well-being
sells products that in turn generate income. This is why there are plenty of interesting

435

Anders Björnfot, Leif Erik Storm and Eskild Narum Bakken

concepts available to quantify consumer behavior. The difference between a car interior and
the interior of a house is not large as both should be designed to make the occupants fell well.
However, there is one fundamental difference. Where ergonomic plays an important part in
automotive interior design, wayfinding plays a similarly important role in interior housing
design as it affects not only the safety but also the comfort of occupants. Also the spiritual
well-being is obviously not considered in automotive design; in this case we need to turn to
healthcare for inspiration. To conclude we argue that:
-

-

-

A method to evaluate occupant wellbeing in housing should preferably be based on
methods from automotive design, for example Quantifying Form Preference (Osborn
et al., 2009), Kansei Engineering (Jindo & Hirasago, 1997) and/or Semantic
Environment Description (Karlsson et al., 2003).
Evaluation of space should complement the automotive design method, for example,
measuring spatial quality of interior design (Indraprastha & Shinozaki, 2011), the
Universal Circulation Network (Lee at al., 2008) able to measure walking distances
within buildings, and/or an interactive furniture layout (Merrell et al., 2011).
A complementary method required for comprehensive evaluation of personal wellbeing is that of the spiritual domain. Inspiration can be found in the design of
healthcare facilities. However, what is actually meant with spiritual well-being in
relation to the interior environment remains to be defined.
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Based on the theoretical approach of open innovation and an exemplary case study of an open
innovation project, this paper explores the conditions and opportunities for open innovation in the
construction sector with a special focus on the importance of the context for both process and
outcome. The concept of open innovation is explored theoretically and empirically in many different
industries as a new perspective for understanding the companies’ needs and ability to optimise and
adapt their innovation processes to new market conditions. The construction sector is a particularly
relevant example to learn from, since the construction context is characterised by cooperation
between many actors, where design, planning and execution are carried out by project-based
businesses, while deliveries of building components and materials are carried out by manufacturing
companies. The two central actors in the innovation project in question were a major Danish
architectural firm and a major building component manufacturer. The aim of the project was twofold: to develop a concept for open innovation in construction and to develop daylight and energy
solutions for the construction sector. The project was followed from June 2009 to November 2011 and
methods used in the data collection were participant observation, documentary material and
interviews. Experience showed that specific configurations of open innovation can be difficult to plan
when a specific configuration of open innovation is developed and stabilised together with a concrete
innovation prototype, which means that the innovation concept and the innovation prototype as
artefact, knowledge, methods etc. is result of the same process.

KEYWORDS: Open innovation, daylight, energy, construction industry
1 INTRODUCTION
In Denmark, the energy performance of buildings has long been in focus, initially
prompted by the energy crises in the 1970s and today based on environmental and climate
debate. Improving the energy performance of buildings is perceived as a central part of the
solution to climate change and the construction industry plays an important role in the
transformation process. Energy strategies as reflected in the Danish Building Regulations
have changed character and overall, one can describe the evolution as a shift from a
prescriptive regulation to performance-based regulation. Regulation affects individual
companies and overall innovation of the delivery system, which is obvious, since regulation
is part of the institutional context in which companies operate. With the change in the Danish
Building Regulations from a descriptive regulation to an energy-performance-based
regulation, energy became a new design theme in the construction industry or more precisely
the design practice around heating, cooling, daylight etc. were put under pressure and opened
up for new interpretations.
Buildings are generated by integrating many products and services that together form a
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complex product system, where a large number of independent companies have to operate in
networks with complex interfaces (Gann and Salter, 2000). Unlike traditional industry, the
dominant mode of production in construction is project based, where design, planning and
execution are carried out by project-based businesses, while deliveries of building
components and materials are carried out by manufacturing companies. As a consequence,
the construction sector is often defined by its project-based nature, and innovation in the
construction sector is usually to be understood on the project’s premises. This has resulted in
a situation where the analytical focus often has been on how the project-based businesses can
require demands directed upstream in the supply system as part of an innovation process
(Forman et al., 2012). It is well known that the new energy requirements for construction has
led to the energy performance of new buildings becoming thematised earlier in a building’s
design process, which in turn often leads to increased interaction on energy already in the
design phase between architects and engineers from project-based companies. The
boundaries between building component manufacturers and project-based companies are
more blurred. In this paper, we aim to understand the dynamic of innovative processes that
are initiated and shaped by a component manufacturer and a project-based company.
Theoretically, we build on the strands of technology-oriented research within open
innovation studies as well as science and technology studies (STS). Open innovation relates
to innovation processes at companies, where companies open up towards - and involve - the
surroundings in their innovation processes and free revealing of product and process designs.
Core concepts in this strand of research are different configurations of open innovation
(Enkel et al. 2009 Gassmann, 2006), innovation incentives that support free revealing (von
Hippel and von Krogh, 2006) and how innovation technologies influence open innovation
(Dodgson et al. 2006). The concepts seem fruitful in our case, because the interaction aspect
between the companies is central to the development of new energy solutions. In STS, the
social shaping of technology approach relates to technological development and change as
socially shaped and designed, and attention is given to the innovative agency of actors in the
dynamics of technology development. Core concepts are relevant social groups, problems
and solutions, technological frames and interpretative flexibility (Bijker1992, 1995).
The case study of this paper is based on an analysis of an open innovation project for new
energy and daylight solutions in the construction industry and aims to develop a better
understanding of open innovation in the construction industry between building component
manufacturers and project-based companies. The paper is structured in four major parts. The
next section outlines our theoretical position within the concerns of both open innovation
studies and STS. Then a description of the methodology follows, which includes a
description of the societal conditions that made it possible to create the project. Next, we
offer an empirical analysis. The first part is a description of the involved companies and the
second part addresses the processes of developing and stabilisation of three new solutions for
energy and daylight building components (suggestions) in the interaction between the
project-based company and the building component manufacturer. We explore roles,
interests, skills and agreements that are in play in the social shaping process and their impact
on future energy and daylight structures in the construction sector. Finally, we discuss our
empirical findings related to current experience gained from open innovation studies.
2

THEORETICAL FRAMEWORK

In the design of our theoretical framework, we draw on two fields of research that address
the various relations between actors in developing new products/technologies. Both open
innovation studies and STS elaborate the relation between actors theoretically and
empirically. The two research approaches pursue divergent objectives, as reflected in
divergent research agendas. The open innovation approach is primarily business oriented and
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aims to enhance the quality of a company’s innovation process by making companies aware
of external actors as a potential rich source of innovative ideas for product development
(Enkel et al. 2009; Gassmann, 2006) and how free revealing can make good sense (von
Hippel and von Krogh, 2006). The social shaping of technology approach is primarily a
critical and alternative perspective of the perception of technological development as
deterministic and aims to enhance the understanding of technology development as a social
process by showing how technical objects and social relations are bonded together and how
actors and technology are co-produced (Bijker 1982, 1995). In the next paragraph, we discuss
how the two fields conceptualised innovative structures and the dynamic of innovation
structures
Open innovation processes involve both flows going outside and into the company and
vice versa. Based on a process perspective, Enkel et al. (2009) point to three key processes
that can be separated in open innovation: 1)‘The outside-in process’ which is about how
companies can enrich / increase their knowledge base through the integration of knowledge
from suppliers, customers and other external sources of knowledge. In these processes, there
is increasing awareness of the importance of innovation networks etc. 2) ‘The inside-out
process’ is about the ability of companies to increase their profits by bringing their ideas to
market through external actors. This may be situations where it can be faster than the internal
development of the companies. Within these processes there is an increased attention to new
business models such as new types of companies using IP (intellectual property rights), new
forms of licensing and commercialisation of their own technologies in emerging markets. 3)
‘The coupled process’ refers to the co-creation between mainly complementary partners
through alliances, cooperation or joint venture in which the "give and take" is central to
success. Within these processes, there has been special focus on open source projects,
consumers, lead users, universities and research organisations and partners from other
industries.
Von Hippel and von Krogh (2006) strengthen the definition of open innovation by
highlighting free revealing of products and process designs as a defining characteristic of
open innovation. They introduce three models of innovation incentives: 1) The Private
Investment Model, where the assumption is that ‘Innovators will gain higher profits than free
riders only if innovations are not freely revealed as public goods’ (p 303), 2) the Collective
Action Model, where the assumption is that ‘Innovators and free riders profit equally from
innovations contributed as public goods’ (p 303), and 3) the Private-collective Model, where
the assumption is that ‘Innovators gain higher profits than free riders from freely-revealed
innovations because some sources of profit remain private’ (p 303). They argue that the
Private-collective model exists as an alternative to the other two models, and is possible
because the innovators despite free revealing of innovations get private benefits such as
learning, enjoyment and affiliation to teams, communities etc. They argue that the Privatecollective model offers the best to society as ‘new knowledge is created by private funding
and then freely offered to all’ (von Hippel and von Krogh, 2006, p. 304).
Dodgson et al. (2006) suggest that companies’ shift to open innovation is associated with
greater organisational and technological change and focus in their case study of "Procter &
Gambler" on the importance of innovation technologies for development towards open
innovation. Besides the ICT, innovation technologies are a number of new technologies such
as simulation, modelling, virtual reality, data mining and rapid prototyping technologies.
They show how the use of the new innovation technology recreates the way a company
manages its innovation processes and identifies the following relations: 1) The increased
external search activities have required cultural change in the organisation and it has taken
place over a long period. Changes have been towards a more decentralised R&D structure.
Furthermore, the use of innovative technology has demanded new skills. 2) The technology
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does not replace existing practice, but can optimise it. Innovation technology can for example
result in that physical prototypes will being developed later, when there are fewer unknown
factors. 3) Technology cannot solve the problems of uncertainty related to innovation
success. There may still be products at the developing stage that do not end up being a
success.
Important categories in the social shaping of technology approach are relevant social
groups, problems and solutions, technological frames and interpretative flexibility (Bijker,
1992, 1995). The actors / relevant social groups participate in a forming process by
identifying problems and developing solutions interpreted through the groups’ respective
technological frame. Innovation is constituted by a technical frame that defines the specific
technology/artefact as well as the actors. The technical frames include artefacts as examples,
actors with their competences, methods, key problems, solution strategies, practice, test
procedures, design methods etc. Technical frames both guide social shaping processes and
are also the result of social shaping processes and transformations. Closure and stabilization
can be perceived as two processes running simultaneously in a technological development.
Closure related to the mechanisms that lead to a reduction of interpretative flexibility
between relevant social groups as well as a reduction of the number of variants. Bijker
introduces a redefinition of problems and rhetorical closures as central closure mechanisms to
be used by actors in the actors' attempt to close the negotiations to their advantage or to
reopen negotiations on a technology. Stabilisation relates to what is under construction and is
thus a structural concept that focuses on what binds the constructed together and affect the
actors as structures in the form of established networks, developed practices, etc. The
technological frame ties closure and stabilisation processes together. It characterises the
relationship between actors and artefacts and after stabilisation it will guide the actors.
Important aspects of open innovation are about the distribution of rights and obligations
between actors in the innovation process, structures of innovation incentives and influence of
innovation technologies. Different configurations of open innovation that are stabilised can
be seen as part of technical frames that guides actors and structures different socio- technical
settings in a specific way. In this perceptive, the different configurations will be created as
part of the social shaping processes and the specific configuration will be inscribed in the
technical frame that constitutes the innovation. In our case study, we take the specific
configuration as a category of analysis, a focus that is absent in open innovation studies, and
argue its relevance for understanding the dynamics of where and how different configurations
of open innovation come into being.
3

METHODOLOGY

The case that we focused on is an open innovation project in the construction sector. The
aim of the project was two-fold: to develop a concept for open innovation in construction and
to develop daylight and energy solutions for the construction sector. The central actors in the
innovation project in question were a major Danish architectural firm, a major building
components manufacturer and the Danish Building Research Institute. The project developed
three proposals for energy and daylight solutions for the construction industry that were
developed to the level of ideas. The original purpose was to examine the possibilities for open
innovation in the construction industry. Since only a limited number of studies with this
focus have been reported, we chose an inductive, qualitative approach based on the in-depth
analysis of the case. This approach provided the chance “to study life as it is lived and
phenomena as they appear in real life” (Fog, 1992, p. 165). Our focus in this study was on
learning how open innovation in the context of a building component manufacturer and a
project-based company in the construction sector is developed and stabilised.
Two social factors played a significant role in the project's genesis. In 2006, the Danish
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Building Regulations (BR06) introduced a new requirement to the energy performance of
buildings based on energy frames, which represents a shift from descriptive regulation to
performance-based regulation. The use of energy frames as the main requirements of new
construction was a result of the EU Directive on Energy Performance of Buildings. With the
shift from descriptive to performance-based regulation of energy requirements for buildings
the need arose for new energy solutions in the construction industry. In 2007, the government
launched a Programme for User-driven Innovation as part of a vision of Denmark as a
leading innovative society. The purpose of the programme was to strengthen the development
of new products, services, concepts and processes within public institutions and private
companies on the basis of a better knowledge of customers and users. Based on the need for
new energy solutions and the ability to obtain financing for an innovation project through the
programme for user-driven innovation, the architectural firm formulated a project with the
purpose of develop new daylight and energy solutions in the context of user-driven
innovation. The project idea was to create a joint innovation process between a manufacturer
of windows and the architectural firm where the architects as user of building components
were the user. The architectural firm had long been working on the development of building
membranes and wanted the project to develop new ideas for dealing with the desire to get
daylight into buildings and to keep energy out of buildings, which is often perceived as
conflicting requirements. The architectural firm recruited a large window manufacturer and
the Danish Building Research Institute, which possessed the knowledge of daylight and
energy issues in buildings, as key stakeholders in the project. The building component
manufacturer’s motivation for joining the project was an interest in trying to work closely
with an acknowledged architectural firm. The development project was planned as an
iterative process where the previous phases would be a prerequisite for the subsequent
phases. The project began with a definition of the purpose and scope. Then three mapping
processes followed that aimed to create a knowledge base in their respective fields. Next
followed a process of development of ideas, pre-prototypes and testing of selected ideas.
Since focus of the analysis in this paper is on development and embedding of open
innovation, the empirical work is limited to the pre-prototype phase and test, where the
architectural firm and building component manufacturer worked together on developing three
proposals for new energy and daylight solutions.
Engwall (2003) argues that projects are not lonely islands, but history-dependent and
organisationally embedded. He emphasises structures and procedures employed in a project,
and argues that they “have to be analysed in relation to previous and simultaneous courses of
activity, to future plans, and to standard operating procedures, traditions, and norms of its
organizational context” (Engwall, 2003, p.790). Thus case study therefore included a
description of the companies. Following Engwalls argument an understanding of the involved
companies are central to an analysis of a project, and a special focus centred on companies’
structuring of the project and the project's anchoring in the companies.
The project was characterised by the fact that both companies were development-oriented
companies and that central knowledge actors within daylight and energy were involved. At
the same time, the project participants had access to financial resources through financing
from the programme for user-driven innovation. This was considered to have contributed to
the project's ability to seek and develop knowledge. Conversely, these circumstances were
assessed not to have had an impact on how open innovation structures were developed and
stabilised in the three product development processes.
As with most qualitative studies, the study combined different collection methods, such as
direct observation at meetings and workshops, project documentation as well as interviews.
One or both authors have participated in joint workshops for the whole project team in the
first half of the development project. In relation to the other phases from pre-prototyping and
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onwards in the second half of the development, participant observation was carried out in
selected workshops. Throughout the project, documentation was produced in the form of
reports, presentations, catalogues, analyses, current notes related to pre-prototype
development, etc. This documentation was used as part of the basis for this analysis. In
addition, information from the company websites was used etc. In the project's final phase,
four qualitative research interviews were carried out with product manager and technical
product manager from the building component manufacturer and with a construction
architect, head of the development department, and an industrial designer from the
architectural firm. The project management was divided between the building case architect
and the industrial designer. Interviews were conducted on the basis of an interview guide.
The interviews typically lasted 1 ½ to 2 hours. All interviews were recorded and subsequently
transcribed.
4 EMPIRICAL ANALYSIS
4.1 The architectural firm
The architectural firm is a major Danish architectural firm operating in the global market
with a focus on cultural buildings and domiciles. Competition projects are the core business
and this is reflected in the firm’s internal organisation, which consists of a competition
department, a design and planning department and a construction department. Each
department represents different phases of the process, and the building project in this way
moves through all three departments, which work almost independently. Architects’ needs in
the design process related to the use of building components were identified in the daylight
and energy project as the building components must be able to be manipulated to meet
architect's needs first, to control the material second, to retain control over the development
of the architecture. At the same time the necessary documentation had to be present, as it was
a crucial factor for the introduction and use of new materials. The documentation was
perceived as an important part of the argument for the use of new materials etc. to external
partners. A few years ago, the firm established a small development department working with
digital tools, new materials and green technologies in order to qualify the firm’s core
business. The department’s work is network-based and has extensive contact with public and
private companies, knowledge and research institutions etc. Work form varies between: 1)
Research projects, where the department participates in interdisciplinary project teams, 2)
Internal architectural projects, where the department qualifies work on a specific building
case in relation technology, material inputs etc. or develop design tools, 3) External
consultancy, which, among other things may be about to make architects’ needs visible in
relation to a given development. The project in this analysis was formulated in this
department.
4.2 The building component company
This company is the umbrella company for a number of activities within the manufacture
of facade windows and consists of a number of independent companies. These companies
develop, manufacture and market façade windows, facade systems, exterior doors, etc. They
have production facilities in Denmark, Sweden, Norway, England and Poland. Among other
tasks, the umbrella company supports the companies with product development and it has its
own product development organisation with architects, designers and technicians as well as a
large workshop with craftsmen etc. where they can quickly build physical models and make
tests. The company uses the same product development concept as the one that is embedded
in the organisation. Energy and indoor air quality, functionality, visual expression and price
are used as four key points in the company’s product development process. The company
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emphasises that the process is not an iterative process where each parameter is tested and
optimised, but rather a political philosophy in which the parameters figure as a whole.
Generally, a product development process consists of 3-cycle processes where each cycle
involves the development of prototypes and feedback from external stakeholders and users
before a product is ready to be introduced on the market. The company gives priority to
making pre-prototypes early in the product development phase. Physical models are
perceived as physical manifestations of thoughts. The physical models and technical
knowledge together with design knowledge are qualitative inputs to the process and are used
to determine whether the principle is worth working on. The company’s understanding is that
design knowledge cannot stand alone, because it only represents creativity in one direction.
The company’s understanding is that the rapid switching between idea and materiality makes
it easier quickly to recognise when something cannot be done or needs to change. The
company’s experience is that it becomes more difficult later in the development process to
correct the error, because the budget is used in the development process itself. The company
focuses on the entire value chain, also end–users, and uses all users from the different stages
to qualify the product. The company sees the product as a process, because the product is
constantly changing. The architect is perceived as a particularly important player, since the
company expects to get feedback with greater design quality and longer perspectives from the
architect than the end-user. But all users throughout the value chain are involved, based on
the understanding that the products must satisfy the demands made by all the users. When the
first prototype is developed, the company involves external architects with core competencies
in that specific product or markets, which the product addresses. The company's experience
of working with external architects, but also other users, is that the company itself has to
know what it is the company want and that there has to be a physical model to show. The
company’s experience is that to clarify expectations is a key issue when users are involved.
There is a tendency for users to take ownership of certain ideas, and this can lock both the
process and themselves. It is necessary to constantly to keep "product" open. Often involved
actors cannot recognise the finished product. When external actors are involved in product
development, which means that the company has not taken out patents on the products, a
cooperation agreement implies that the company has all the rights. The company uses
demonstration projects to test their products in use by users.
4.3 Development of three energy and daylight solutions
The prototype phase took place in close cooperation between the building component
manufacturer and the architectural firm. The cooperation is carried out both as video
conferences and meetings. In the process of deepening and clarifying ideas, the companies
used video conferences, while they held meetings during the process of developing real preprototypes. The reason why the companies used video conferences was that they were
geographically far apart. The tasks between the companies was distributed so that the
architectural firm was responsible for clarification of the basic geometry and functions, and
the development department of the building component manufacturer was responsible for
processing the pre-prototype, including support on technical development, dimensioning of
subjects and development of real pre-prototypes.
4.4 The green screen
The concept of the green screen consisted of a "plant-shutter" placed on the outside of the
building. Via a rail system, the plant-shutter can be placed next to or in front of the window.
The screen consists of a frame in which plants can grow in a bowl and a rail system that can
place the green screen in the desired position by means of a motor and bring water and
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fertiliser to the plants. The idea of the green-shutter was created in a brainstorming session,
where the focus was on user needs for green plants and sun protection. The architectural firm
was already involved in another development project about green cities and was interested in
how to work with green facades. The building component manufacturer was recruited to the
idea, but redefined the idea in the recruitment process from being a "green screen" to a
question of brackets and a rail system as well as a potential opportunity for using the rail
system to transport other materials than green plants. The company assessed that the market
potential was greater if the expression could be varied. In the further process, the architectural
firm was responsible for defining requirements for plant types, growth conditions, etc. and
design of screen and rail system. From the previously mentioned project of green cities, the
architectural firm recruited a plant nursery and an adviser to be responsible for collecting
information on groups of plants, growing materials and irrigation systems. The building
component manufacturer was responsible for producing a physical pre-prototype. Through
the process, the concept was discussed between the architectural firm and the building
component manufacturer in terms of desired characteristics - and requirements for the
concept. Tests were carried out on plants’ ability to block out the sun on the research
institution’s light lab, and to investigate whether the green screen was just as effective solar
shading as other solar shadings on the market. In addition, a digital simulation was carried
out in order to identify the requirements of the plants and to assess the view through the
window. The concept of the green screen was constituted around a division of labour between
the architectural firm, the building component manufacturer, the plant nursery and the
consultant, where each actor contributed with different skills and had different interests in the
concept. The development of the concept, the constitution of the relations between the actors
and the created knowledge were co-produced in the same process.
4.5 The active window
The concept of the active window is about making the window an active part of the
building and the user's interaction with the building. For the professional user the active
window can be a user-interface, where the building's operation and condition can be read and
adjusted. For the end-user the active window can act as user-interface between the end-user
and the building's condition in relation to indoor climate, temperature etc. The idea is to make
the active window into a platform on which various applications can be installed. This
implies that the window must have embedded an electricity-feeding system and a data
structure to which other components can be connected. The building component
manufacturer had long worked on developing a window based on new materials. The
manufacturer could see a long-term visionary perspective of the active window in relation to
their on-going product development and the architectural firm and the building materials
manufacturer decided to build on the manufacturer's on-going product development. Since
the development of the active window was in this way was closely linked to the building
component manufacturer's on-going product development the choice entailed that all the
actors involved in the further process signed a declaration of rights in favour of the building
component manufacturer. This was a normal procedure when the building component
manufacturer involved external actors in key product development processes. Only one actor
– a researcher - chose to stop on this background. The two companies decided that the aim of
the process was a visualisation and description of the idea and not a physical pre-prototype.
In order to explore the design quality of properties that could be attributed to the active
window, a workshop was held for invited participants. The participants were selected on the
basis of their specific specializations within user design, light design, climate control, etc.
The architectural firm was responsible for organising the workshop. Based on the work
discussion, the building component manufacturer and the architectural firm together drew up
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a presentation that could be tested on a group of the company's architects as a way to get the
architects' assessment of the active window's potential on the market, how it might be used
and expectations / requirements for the properties of the product.
4.6 The slideable window
Solar radiation through the window affects daylight in buildings and heat radiation. Heat
radiation contributes to the heating of buildings, which in energy frame calculations is
positive when there is a need for heating, and negative when it gives rise to a cooling need.
The slideable window is a flexible design that allows the window to switch between two or
more positions in the window opening. In winter, when there is a need for heating, the
slideable window can be pushed so that it is flush with the facade, thus achieving maximum
light and heat radiation. In summer, when there is often a need for cooling, the slideable
window can be drawn back into in the window opening, so the window opening acts as solar
and heat radiation reducers. The idea for the slideable window arose in connection with a
brainstorming session. The window as example was reversed and rotated and the idea arose.
The building component manufacturer’s interpretation of the idea was that it was interesting,
but that it would be difficult to realise in practice. The team chose to pursue the idea and the
aim was that the producer should make a pre-prototype that could be used for demonstration,
but not to do a physical test. The solution was to develop a bracket that could shoot the
window back and forth in the window opening. A control system that could move the
window was developed. The potential of the idea was that the operating system should
control the position of the slideable window based on real-time measurements of heating
needs, i.e. the operating system should be able to measure the current situation in conjunction
with the sun's position in the sky and time of day. The research institution made calculations
that showed energy savings in the building's total energy consumption by shifting the window
plane relative to the facade plane. In the calculations, it was necessary to manipulate with the
simulation systems, as the systems were not designed to handle dynamic windows. The
concept was further developed under the auspices of the project contract for the open
innovation, i.e. all the involved partners could use the results. The common design process
has not led to the development of a common technological frame for the slideable window as
an example between the companies, since the building component manufacturer considers the
solution as being too difficult to achieve in the short term. But energy-documentation have
helped to push the boundaries of the existing technological frames where a representative
from the building component manufacturer says "windows cannot simply be understood as
static, but must also be understood as dynamic”, while an architect from the architectural
company assessed that for them this is interesting in relation to thinking “dynamic facades”,
as part of energy - and daylight solutions.
5 DISCUSSION
By using STS approach in the analysis, the three innovation processes shows different
dynamics of how different configuration of open innovation comes into being. The green
shutters are constituted around a concept where different companies have different interests
in the idea and contribute with different types of knowledge and skills which together
constitute the product idea. The shaping of the product idea and the network around the
product idea is formed in one process, and is an example of how ‘the coupled process’ is
established as an open innovation configuration. The active window is linked to one of the
building component manufacturers’ existing product developing projects, which is an
important part of the company’s strategic business strategy. In the process, the specific
window is transformed to an intelligent window, which in a further development will link to
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technical companies as important alliance partners, if the concept has to be established as a
product. In the innovation process, the architectural firm accepted to sign the rights
declaration in favour of the building component manufacturer, because the process in itself
contributed to learning about future options, learning about product development processes
close to a building component manufacturer’s core business and identification with the
product. The shaping of the active window is an example of how ‘the outside-in process’ is
established as an open innovation configuration. The slideable window is based on a window
as a concept and not a specific window. The slideable window was not seen as a possible and
feasible solution in the short term, but both companies had an interest in exploring the energy
and daylight performance of the concept. The concept became to a large extent a fact through
graphs and data produced in simulation systems, and what has stabilised is knowledge about
the relationships between dynamic components and energy performance. There are no rights
and obligations linked to the idea and the idea has been exhibited publicly – in this way, the
idea is a free revealing innovation. The three examples suggest that specific configurations of
open innovation can be difficult to plan when a specific configuration of open innovation is
developed and stabilised together with a concrete innovation, which means that the
innovation concept and the innovation as artefact, knowledge, methods etc. is the result of the
same process.
Dodgson et al. (2006) found that innovation technology does not replace existing
innovation practice, but can optimise it. They argue that innovation technology for example
can result in that physical prototypes will be developed later, when there are fewer unknown
factors. Development of physical prototypes at the building component manufacturer is an
important part of the design process, where prototypes are perceived as physical
manifestations of thoughts, which provides important qualitative input to the design process.
In contrary to Dodgson et al. the findings illustrate that innovation technology does not
postpone development of prototypes, but that they are mainly used to obtain additional
knowledge about the concept’s performance in this case energy and daylight performance,
which may have an important role in shaping and stabilising the concept. The findings also
illustrate that innovation technology in itself can act as both enabler and inhibiting factor in
innovation processes. The experience of the simulation systems used was that on the one
hand, they made it possible to develop data, but on the other hand, the researcher had to
manipulate the simulation systems for testing of the slideable window because the systems
are not developed to cope with dynamic components, but only static components.
6 CONCLUSIONS
Although the approach of open innovation has been productive, its conceptualisation of
innovative structures and the dynamic of innovation structures does not allow for describing
innovation processes where the distribution of rights and obligations between the
architectural firm and the building component company, structures of innovation incentives
and influence of innovation technologies are part of the innovation itself, which this analysis
show. In this way the approach is not adequate to describe product development in projectbased industries. To increase our understanding of current and future tendencies in an
emerging sustainable construction industry - as well technical structures as organisational
structures - more research on how building components are developed and stabilized within
and between the companies are necessary.

449

Marianne Forman and Kim Haugbølle

REFERENCES
Bijker, W.E. (1992). The Social Construction of Flourescent Lighting, or How an Artifact
was Invented in Its Diffusion Stage, in Bijker, W.E. & Law, J. (ed.) Shaping
Technology/Building Society, The MIT Press, England
Bijker, W.E. (1995). Of Bicycles, Bakelits, and Bulbs, Toward a Theory of Sociotechnical
Change, The MIT Press, Cambridge, Massachusetts, London, England
Dodgson, M, Gann, D. & Salter, A. (2006). The role of technology in the shift towards open
innovation: the case of Procter Gamble. R&D Management, Vol. 36 (3), 333-346.
Engwall, M. (2003) No project is an island: linking projects to history and context. Research
Policy, 32, 789-808.
Enkel, E.; Gassmann, O. & Chesbrough, H. (2009). Open R&D and open in-novation:
exploring the phenomenon. R&D Management, Vol. 39 (4), 311-316.
Fog, J. (1992) Casehistorien (The case story) In: Fog, J. and Kvale, S. (Eds.) Artikler om
interview (Articles about interviews), Aarhus University, Denmark.
Forman, M., Gottlieb, S.C.& Haugbølle, K. (2012). Towards a new role for building
materials manufacturers in construction projects - a case study of energy requirements.
CIB Proceedings, 2012, s. 1074-1085.
Gann, D. M. & Salter, A. J. (2000). Innovation in project-based service-enhanced firms: the
construction of complex products and systems. Research Policy, Vol. 29, 955-972.
Gassmann O. (2006). Editorial. Opening the innovation process: towards an agenda. R&D
Management, Vol. 36 (3), 223-228.
von Hippel, E. & von Krogh, Georg (2006). Free revealing and the private-collective model
for innovation incentives. R&D Management. 36(3), 295-306.

450

7th Nordic Conference on Construction Economics and Organisation 2013

MANAGING EXPLORATION AND EXPLOITATION IN
CONSTRUCTION PROJECTS
Per Erik Eriksson, Henrik Szentes
Luleå University of Technology, Department of Business Administration, Technology and Social
Sciences, Luleå, Sweden.
e-mail: Pererik.Eriksson@ltu.se
e-mail: Henrik.Szentes@ltu.se

Abstract. Prior research has shown that companies in various industrial contexts need to achieve
both exploitation of current knowledge and technologies to make profits today, and exploration of
new knowledge and technologies to adapt to changing conditions and prepare for tomorrow’s
demands. The capacity to achieve both exploration and exploitation is especially problematic in
project based organizations due to projects’ discontinuous nature. In spite of its theoretical and
practical importance, research on exploration and exploitation in projects and project-based
organizations is scarce. The purpose of this study is to investigate how exploration and exploitation is
managed in construction projects. Empirical data was collected through a multiple case study
involving interviews with the client’s project manager, the contractor’s project manager, and the
design manager in seven construction projects. Tentative findings show that the project actors often
focus more on exploitation than on exploration although they acknowledge the importance of
exploration too. However, exploitation often involves adopting conventional methods and solutions
based on existing knowledge without any development efforts. Time constraints in tight schedules are
hindering both radical innovations and continuous developments. The findings also reveal that
explorative solutions must be possible to exploit in the same project. Sufficient project size and/or
long-term contracts over a series of projects therefore enhance both investments in explorative
activities and exploitation through continuous developments from project to project. Exploration
activities are mostly performed in early stages while the focus on exploitation strengthens as the
project proceeds. Exploration is often conducted by the contractor or by the client, consultant and
contractor together. Hence, in design-bid-build contracts the client and consultant often miss
opportunities to explore new technical solutions. Early contractor involvement, (e.g. in Design-build
contracts) thereby enable the achievement of both exploration and exploitation.
KEYWORDS: Exploration, exploitation, ambidexterity, efficiency, innovation
1 INTRODUCTION
Prior research has shown that companies in various industrial contexts need to achieve
both exploitation of current knowledge and technologies to make profits today, and
exploration of new knowledge and technologies to adapt to changing conditions and profit on
tomorrow’s demands (March, 1991; Benner & Tushman, 2003). Tiwana (2008) argues that
project-level research, in which the tension between exploration and exploitation is
investigated within projects, is scarce. This gap may be due to that research on this topic has
mainly focused on various high-tech manufacturing industries (Katila & Ahuja, 2002; He &
Wong, 2004) rather than project-based contexts, such as the construction industry (Eriksson
& Westerberg, 2011). Due to decentralization, short-term project focus, and
interdependencies between actors and their activities it is especially difficult to achieve both
exploration and exploitation in project-based organizations (Söderlund, 2008; Eriksson,
2013).
Prior studies in the construction industry have found that time and cost overruns are
common and that there is a need for improved efficiency and productivity in construction
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projects (Chan & Kumaraswamy, 1997; Chua et al., 1997; Odeh & Battaineh, 2002).
Although sometimes challenged, the habitual view is also that the construction industry lacks
ability to pursue innovation (Barlow, 2000; Reichstein et al., 2005). Hence, many studies
pinpoint the need for improved innovation capabilities in the construction industry (Tawiah &
Russell, 2008; Ozorhon, 2012). However, suggested improvement agendas often fail to
account for the specificities of innovating within the project-based construction industry
(Dubois & Gadde, 2002; Harty, 2008). In prior project management literature the need to
break down barriers to innovation and the need to resolve conflicts between project actors are
generally revealed as conclusions rather than starting points (Harty, 2008). Previous research
has thereby focused on what should be done, while managers are in more need of
understanding of how it can be done. Furthermore, although previous studies have
highlighted the urgency of addressing either short-term efficiency or long-term innovation
they fail to acknowledge the mutual importance of, and the tension between these
improvement agendas. Hence, it is vital to develop an improved understanding of how
exploration and exploitation can be simultaneously achieved in construction projects.
The research described in this paper addresses the abovementioned literature gaps and
managerial challenges by investigating how exploration and exploitation are managed in
large construction projects. More specifically, the research sheds light on how various
governance and management approaches interact and affect exploration and exploitation
activities. Empirical data was collected through interviews and site visits in a multiple case
study involving seven ongoing construction projects.
2

THEORETICAL FRAMEWORK

2.1 Organizational ambidexterity by achieving both exploration and exploitation
Exploration includes aspects illustrated by the terms diversity, adaptability, risk taking,
experimentation, flexibility, innovation, and long-term orientation, whereas exploitation
involves refinement, alignment, control, constraints, efficiency, and short-term orientation
(March, 1991; Gibson & Birkinshaw, 2004; Andriopoulos & Lewis, 2010). The
organizational capability to simultaneously achieve both exploration and exploitation is often
associated with the term organizational ambidexterity, which was coined by (Duncan, 1976).
Accordingly, ambidexterity involves the capability to both exploit existing knowledge and
technologies for short-term profits and also explore new knowledge and technologies to
enhance long-term development (O´Reilly & Tushman, 2008).
There are three main types of ambidexterity solutions: 1) Structural ambidexterity
separates exploration and exploitation activities in different business units (Benner and
Tushman, 2003; Duncan, 1976; Tushman and O´Reilly, 1996). 2) Sequential solutions
separate the exploration and exploitation through focusing on first one type of activity and
then the other one (Adler et al., 1999; Duncan, 1976; Gupta et al., 2006). Recent research
suggests that there is a third way of dealing with the tension between exploration and
exploitation: 3) contextual ambidexterity, based on a capability to simultaneously and
synchronously pursue exploration and exploitation within a business unit or work group
(Gibson and Birkinshaw, 2004; Gupta et al., 2006). Eriksson (2013) argue that structural and
sequential ambidexterity solutions are not sufficient in the project-based construction
industry. Due to interdependences between different actors and their explorative and
exploitative activities distinct separation of exploration and exploitation in time and space
may be unsuitable. Instead contextual ambidexterity within projects is required in order to
obtain sufficient focus on both exploration and exploitation (Eriksson, 2013).
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2.2 Exploitative efficiency in construction
Prior research has investigated many different causes of cost and time overruns in
construction projects as well as factors that enhance efficiency. Two quantitative studies
performed by Chua and colleagues (the first investigating 75 construction projects and the
second involving the perceptions of 20 industry professionals) obtained similar results related
to critical success factors that enhance budget performance: complete design before
construction, project management experience on similar technical scope, incentive-based
payment, constructability program, and frequency of site inspections, budget updates and
control meetings during construction (Chua et al., 1997; Chua et al., 1999). Other studies
have found that common causes of cost and time overruns are late end-user interventions,
inadequate contractor experience, inadequate early planning, acceptance of lowest bid, poor
site management and supervision, and low speed of decision making (Chan &
Kumaraswamy, 1997; Josephson & Hammarlund, 1999; Odeh & Battaineh, 2002; Assaf &
Al-Hejji, 2006; Faridi & El-Sayegh, 2006; Sambasivan & Soon, 2007). Taken together these
studies indicate that short-term efficiency is enhanced by exploitation of existing knowledge
and by planning and control.
2.3 Exploratory innovation in construction
Prior research has found many different drivers and barriers for innovation in construction.
In a study of barriers to innovation in the Australian infrastructure sector Rose and Manley
(2012) found that project goal misalignment, client pressures, weak contractual relations, lack
of product trialing, inflexible product specifications, and product liability concerns are major
barriers to product innovation. In a case study of the construction of Heathrow Terminal 5 it
was found that time pressure was a critical barrier hindering project actors to perform
innovation work (Gil et al., 2012). Similar to these findings several studies have found that
project objectives connected to sustainable development, client championing, incentive-based
payment, and economies of scale, are drivers for investments in innovation (Barlow, 2000;
Tawiah & Russell, 2008; Ozorhon, 2012) whereas collaboration and early involvement of key
actors, end-user involvement, and internal R&D-efforts, are enablers for innovation
(Caldwell et al., 2009; Bröchner, 2010; Ozorhon, 2012). Prior studies have however found
that exploratory development projects in project-based organizations were managed in the
same control focused way as the regular exploitative business projects, which stifled
innovation (Keegan & Turner, 2002; Blindenbach-Driessen & van den Ende, 2006).
3 RESEARCH METHOD
This paper is based on a multiple case study of seven large construction projects in
Sweden, in which interviews were used as the primary data source. Two rounds of interviews
will be conducted in each project. The first round was conducted while the projects were
ongoing, investigating how exploration and exploitation were addressed in the projects. The
second round will be performed after each project has finished, enabling comparisons with
actual project results from an exploration/exploitation perspective. At the time of the final
submission of this paper, the first round of interviews has been finalized in all case studies,
while the second round of interviews has been conducted and tentatively analyzed in only
two of the seven case studies. However, at the conference in June 2013 tentative results from
the second round of interviews in more case studies will be presented.
3.1 Sample
The seven large construction projects were chosen using theoretical sampling, with
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multiple cases within each main category to enable replication (Eisenhardt, 1989). The main
categories were ‘civil engineering or building’, ‘design responsibility – client or contractor’,
and ‘private or public client’. The seven projects were all located in Sweden, had a contract
sum above 50 million Euros each, and together they comprised production of roads, bridges,
office buildings, process industry, and refurbishment and production of a hospital, see Table
1. The main reason for studying large projects is that a larger size and longer project duration
may increase the possibilities for managing ambidexterity in various ways (structural,
sequential, or contextual ambidexterity) within each project.
Table 1: Information about the seven cases
Case
1
2
3
4
5
6
7

Object
Road, Tunnel
Road, Bridges
Road, Bridges
Office Building
Process Industry
Hospital
Office Building Structure

Category
Civil Engineering
Civil Engineering
Civil Engineering
Building
Civil Engineering & Building
Building – incl. refurbishment
Building

Design responsibility
Client & Contractor (interior - tunnel)
Client & Contractor (bridges)
Client & Contractor (bridges)
Contractor
Client
Contractor
Contractor

Client type
Public
Public
Public
Private
Public
Public
Private

3.2 Data collection
The primary data source is 23 semi-structured interviews during the first round with
people who, at the time of the interview, represented the client, the contractor or the main
design company involved in each of the seven large construction projects in the sample. Most
of the interviews were conducted at each construction site and a secondary data source were
project documentation such as project plans. Although the interviews explicitly covered the
exploration/exploitation topic, these particular terms were not used when asking questions to
the respondents. Instead the aspects related to exploration/exploitation, mentioned in section
2.1 were used as they are more commonly and widely accepted in practice, for example
innovation and flexibility (exploration) and short-term efficiency and continuous
developments (exploitation).
The interviews were recorded digitally, and after weighing pros and cons of transcription
(Alvesson, 2011) it was decided not to transcribe the entire interview recordings. Instead
comprehensive field-notes were used for initial analysis. Notations of time elapsed when
entering new questions made it easy to listen to specific parts of the recordings for further
details and clarifications.
3.3 Data analysis
The analysis was inspired by Eisenhardt (1989), using ‘within case analysis’ to establish
patterns in the views expressed by interviewees in each case, followed by ‘cross case
analysis” to seek replication and overarching patterns. Examples of exploration and
exploitation were established, together with mapping of the opinions regarding what was
regarded as most important in each case. Due to space limitations the within case analysis is
not presented in this paper. The empirical results presented below focus on overall findings
from the cross-case analysis. Moreover, comparisons among the different categories of cases
will not be conducted until the second round of data collection has been conducted.
4 RESULTS
When discussing the importance of exploitation and exploration with the respondents
many stated that continuous developments (exploitation) are more important than more
radical innovations (exploration). One client meant that exploitation is most important for
projects, whereas exploration is most important for the industry. Others argued that
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exploration was most important in their particular project but that exploitation may be more
important in other projects. Several respondents supported the notion that ambidextrous
behaviors are critical by pinpointing the need of focusing on both innovation and efficient use
of existing knowledge. Some respondents argued that it is important to focus on larger
developments and innovation in the early stages of the project and then gradually switch
focus to efficient production based on previous experience and knowledge in later project
stages.
The distinction between exploration and exploitation is not completely clear. Some
respondents argued that it is difficult to distinguish between larger and more radical
development work on one hand and more continuous development and fine tuning on the
other hand. A consultant expressed this question as: “What is innovation and what is in the
consultant's normal work, where is the line between what is normal design and an
innovation”? In fact, some respondents expressed an attitude that all sorts of development is
exploration no matter how small the fine tuning is.
4.2 Exploitation
Exploitation in terms of fine-tuning and continuous development was not performed to a
large extent in the projects, at least not in a formalized manner. However, it was mentioned
that certain fine-tuning and adaptation is occasionally conducted on craftsmen level though
these developments are most often not documented. Furthermore, on repeated request, some
respondents could mention development efforts that were more related to fine-tuning than
innovation. A consultant stated: “sure we made changes and unconventional solutions to
provide a better working environment and so on, and so on. I mean we make a passage
beneath the subway, we add sound joints, etc., but it does not justify calling it innovation”.
Most respondents mentioned that exploitation in terms of utilizing existing knowledge and
technologies as they are without any development was dominant. One consultant expressed
this as: “We are bad at fine-tuning and continuous developments, we often do as we always
have done”. Some respondents mentioned that exploitation is enhanced by long-term
relationships in which fine-tuning and continuous development can be performed from
project to project based on previous experience. A commonly mentioned barrier to
continuous development in the projects is time pressure. In many projects the schedule was
so tight that the respondents felt that there was little time to spend on fine-tuning and
continuous development. It is faster to adopt a conventional method as it is than to try to
improve and develop it before implementation. A contractor described the situation as: “It
might be difficult to find time to think in alternative ways in a project, because you always
have the requirement that you must be finished in time. Should I start thinking and find new
methods, estimate prices, finding suppliers and find consultants who can calculate - it takes
too much time. You are often understaffed; you don’t have an excessive man on a project”.
Another barrier closely related to time pressure is that even slight fine-tuning or
developments may influence the distribution of risk and liabilities.
4.1 Exploration
Some respondents mentioned that incentive-based payment may serve as a driver for
innovation since the contractor will benefit from cost and time savings that result from new
solutions and methods. Development work is also dependent on commitment and efforts by
individuals in the project organization. Some respondents stated that clients can drive
innovation by encouraging the other actors to conduct development work and also by being
open to adopt new solutions suggested by the other actors. In projects where clients are not
encouraging an innovation agenda, consultants often do not focus on exploring new solutions.

455

Per Erik Eriksson, Henrik Szentes

Innovation is then dependent on initiatives by contractors, which are largely affected by
contract forms.
Respondents representing all three types of actors (client, contractor, and consultant) argue
that the commonly used procurement procedures based on Design-bid-build (DBB) contracts
and fixed price payment are a main barrier to innovation. In this approach the client together
with their consultants decide upon the main features of the design long before contractors are
engaged. This leaves contractors with little or no possibility to suggest alternative solutions to
project design, production methods and materials. The incentive for the contractors in this
case is just to focus on short-term project cost rather than a more long-term life cycle
perspective. A client representative stated that: “The contractor often has difficulties to
rethink; detailed specification will program a contractor to think that these are the rules”. A
contractor had similar thoughts: “An approved design in DBB-contracts makes the contractor
hesitant to suggest new design solutions for which the contractor has to take responsibility”.
Another barrier that was mentioned is time pressure, which was a common aspect of many
projects. Tight project schedules discourage contractors from thinking outside the box. It is
faster to do things the conventional way than to spend time on trying to come up with new
and better ways to do it. However, one contractor also argued that time pressure can serve as
a driver for innovation. “If we know that the schedule is too tight to perform a certain activity
the conventional way we feel the pressure to develop a new method to do it”.
In the three projects involving public infrastructures the clients’ own norms, rules and
regulations were experienced to be major obstacles for innovations. The main argument was
that the Swedish transport agency (STA) is skeptical towards new and untested solutions,
they want proven technology that they have first-hand experience of. Hence, even when it is
possible for contractors to suggest alternative technical solutions these are often turned down
by the client. A contractor exemplified this by describing a suggestion involving
prefabrication of a fan foundation. “Our solution passed all the requirements in the norm, but
they didn’t approve it. We had to fill it with concrete, because it should be filled with
concrete”. These norms and regulations thereby prohibit the contractor from adopting new
and innovative processes, production methods and products. One consultant stated that it is
even harder for consultants to get innovations approved. Relating to the abovementioned
example of the fan foundation, the consultant proposed a conventional design on purpose to
get the administration’s approval, and then the contractor could propose a more innovative
solution. “If we had proposed the innovative design it would never had been approved”.
Also in the office building project, the client discouraged innovation. The contractor
stated: “The client’s sharp opinion is that nothing that is newer than a decade is worth
anything. He is very clear that he wants solutions that have been proven to work, and are
sustainable from an operational perspective. He does not want any innovations that no one
has tested; he does not want to be the first to try”. The client explained that the focus on
conventional solutions were especially strong in this project due to the nature of the tenant; a
high-tech manufacturing company, which is extra ordinary technically competent and
directive. “With a tenant of this nature you dare not choose solutions that are more
innovative, unless you are damn sure that they work”.
Due to the one-off nature of construction projects contractors cannot count on using a
newly developed solution in the next project. Hence, contractors mostly are of the opinion
that investments in development work have to pay off in the project at hand, for which reason
each project must provide sufficient possibilities for repetition and large scale utilization of
an innovation. However, two of the contractors’ project managers meant that development
may, in rare occasions, be allowed to increase costs for an individual project if there is an
opportunity for increased profitability on a long-term basis.
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5 DISCUSSION
In many projects there was an apparent awareness that both long-term innovation and
short-term efficiency are of crucial importance, both for their particular project and for the
industry. The challenge, however, is to implement governance and management approaches
that address the tension between exploration and exploitation and that can enhance the
achievement of both. In prior ambidexterity research, which often has focused on high tech
industries, exploration is related to radical innovation and exploitation is related to
continuous innovation and development (Cao et al., 2009; de Visser et al., 2010). This study
highlights the important empirical finding that exploitation within the context of mature
industries such as construction very often involves conducting activities based on existing
knowledge as it is, without any development at all. In fact, the respondents in this study seem
to perceive that continuous development efforts are more closely related to exploration than
exploitation, although these efforts are based on existing knowledge. The introduction of an
ambidexterity perspective can therefore pinpoint the need for continuous developments as
part of an exploitative strategy, instead of merely implementing products and processes just
the way they are when striving for exploitative efficiency.
This study indicates that different forms of payments and contracts can heavily impact on
exploration and exploitation. Incentive-based payment where clients and contractors share
benefits from cost saving innovations can diminish the risk for goal misalignment (Rose &
Manley, 2012). Contractors are motivated to invest time in both exploratory and exploitative
development activities since they will share cost savings with the client and the client is more
motivated to approve new alternative technical solutions or production methods since their
cost will be lowered. In line with earlier research findings, competitive tendering based on
Design-bid-build contracts can hinder innovation (Tawiah & Russell, 2008). Instead early
involvement of key actors will enhance both exploration through joint innovation and
exploitation through improved buildability. Furthermore, large-scale projects and/or longterm contracts can 1) motivate contractors to invest in exploratory innovations that can be
exploited in subsequent projects and 2) enhance continuous developments across projects or
activities within a large project.
Prior research has shown that time pressure is a main barrier to innovation. Tight project
schedules hinders project actors both to conduct innovation work and to assess potential pros
and cons with a new solution, resulting in rejection of the solution due to uncertainty of its
benefits (Gil et al., 2012). This study has shown that time pressure is not only a barrier to
innovation but to continuous improvements too. In situations characterized by time pressure
many actors will choose to implement conventional solutions as they are instead of spending
time on exploratory or exploitative developments. However, time pressure can in some
circumstances be a driver for innovation. When actors are facing a situation where
conventional solutions or methods are too time consuming they feel the need to develop new
methods that are faster, in order to keep the time schedule. A key element if time pressure is
to serve as a driver for innovation is therefore that a coming shortage of time is identified in
advance, enabling proactive actions.
This study support prior research that has shown that client championing is a main driver
for innovation. A client that functions as a champion by encouraging the other project actors
to conduct innovation work is important (Gil et al., 2012; Ozorhon, 2012). However, this
study highlights the importance of not only encouraging supply-side actors to perform
innovation activities, but even more importantly to accept and embrace new and untested
solutions. Client championing can be especially important in situations characterized by time
pressure. When a client procures a project with an explicitly tight time schedule and
simultaneously demands innovative time saving solutions, project actors can be especially
motivated to focus on exploration.
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6 CONCLUSIONS
This paper presents a study of how exploration and exploitation is managed in large
construction projects. Prior ambidexterity research, which previously has focused mainly on
high-tech industries, suggests that exploitation involves continuous development and
incremental innovation. A contribution to the ambidexterity literature is that in mature
industries, such as construction, the exploitation concept often seems to involve the
utilization of existing knowledge just as it is rather than continuous developments of existing
knowledge. A contribution to the literatures on project management and construction
management is that the common element of time pressure in projects can serve as both a
driver and a barrier to innovation. Hence, it is important to distinguish among different forms
of time pressures; both regarding their causes and consequences.
An important managerial implication of this research is that the adoption of an
ambidextrous perspective can facilitate strengthened focus on continuous development rather
than merely utilizing existing knowledge as it is without adaptations or developments.
Another implication is that some mechanisms, such as early involvement of key actors,
incentive-based payment, large-scale projects, and/or long-term contracts and framework
agreements can enhance both exploration and exploitation. Hence, managers can enhance
organizational ambidexterity in construction projects by implementing such mechanisms.
One limitation in this study is that only people working in project management positions
were interviewed. On the one hand this is an important group of people to talk to since these
managers have an overall view of how to handle exploration and exploitation, and also the
authority to implement changes that enhance organizational ambidexterity. But on the other
hand the results indicate that there might be many unrevealed examples of minor and more
informal exploration and exploitation efforts conducted by craftsmen or site supervisors. One
suggestion for future research therefore is to interview many more roles in one or several
projects. Another relevant aspect is to investigate how different forms of time pressure affect
project actors’ motivation and needs to conduct exploratory innovations and exploitative
developments.
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Abstract. Maintaining seamless, error-free, accurate and automated hand-over of building
information is one of the most oppressive obstacles to a collaborated building design and delivery
practice and a life-cycle-oriented construction. Contemporary building data technologies such as
Building Information Modelling (BIM) offer a handful of possibilities towards this end. Nonetheless,
utilization of the full capacity of BIM demands a neutral and standardized approach often termed as
open BIM. This may translate to implementation of buildingSMART’s standard building data model,
IFC, for exchange of data among different sectors throughout building industry. This study is a basic
research on the status quo and potentials for developing and maintaining an integrated approach
toward data management within AEC/FM organizations. Automated, sustained and error-free
transfer of building information and analytical capabilities from AEC-centric BIM tools to facility
managers, in specific, is a cutting-edge area which demands technical and organizational solutions.
Document- and stage-based thinking and silo mentalities among AEC firms and legislative inertia are
some major hindrances against this goal. A complete shift from as-designed and as-built documents
and models to their as-commissioned, as-operated and as-maintained counterparts, however, entails
development of a building information infrastructure that persistently enable versioning, traceability
and visibility of data originated from a multitude of resources. In order for a BIM repository to serve
this need, it should fulfil certain requirements and possess specific functionalities.

KEYWORDS: BIM repository, BIM, interoperability, facility management
1 INTRODUCTION
Provision of complete, current and accurate information at the right time is a robust
enabler for any career including those in building industry. Information support throughout
the whole life cycle of the building helps promoting optimized and intelligent design,
building and operation routines (Tarandi, 2011; Sabol, 2008). This calls for sophisticated
knowledge management systems specifically designed for the building domain namely
Building Information Modelling (BIM) tools and building data repositories. Nevertheless, a
fully collaborative building practice cannot be conceived without vendor-neutral data formats
and global standards for BIM models (Eastman, et al., 2011). The Building industry can be
inspired by moderately automated industries such as shipbuilding, aero spacing, agriculture
and entertainment (Owen, 2009). The transition from dispersed little BIM solutions or
proprietary BIMs to big BIM or Open BIM constellations can then be realized (van Berlo, et
al., 2012) thus nurturing interoperability and smooth flow of information among all
stakeholders.
Thanks to progressive contract types and software tools, building design and construction
are now practiced in a much more integrated way (Eastman, et al., 2011). The trend should
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however also be extended to the operation phase in order to actualize an integrated whole-life
building knowledge management approach. Despite the fact that whole-life deployment of
BIM models benefits the building owners the most among all stakeholders and enables them
to access valuable information for enhancing their utilization of the buildings, the intersectorial information gap between construction and operation is yet rather broad (Eastman, et
al., 2011; Khemlani, 2011; Young, et al., 2008). Bridging over this separation and contriving
a sustained collaboration demands advanced technological solutions. This theoretical study is
aimed to clarify the technical requirements for achieving more collaborative forms of
building procedures also depicting the status-quo of building knowledge management
technologies, recent trends and future prospects.
2 BUILDING INFORMATION MODELLING
Building Information Modelling (BIM) is a modelling technology and associated set of
processes to produce, communicate, and analyze building models (Eastman, et al., 2011).
BIM is intrinsically a life-cycle-oriented concept. Young, et al. (2008) define BIM as the
process of creating and using digital models for design, construction and operations of
projects. From an empirical perspective, BIM can be translated to data-rich digital
representation cataloguing of the physical and functional characteristics of design,
construction and operation. Its purpose is to turn the design information explicit, so that the
design intent and program can be immediately understood and automatically evaluated (GSA,
2007).
The acronym BIM may be represented at three different ontological levels: Building
Information Model is in fact the instantiated interpretation of the term which denotes the
digital representation of physical and functional characteristics of a facility; in a broader
sense, Building Information Modelling refers to a business process for generating and
leveraging building data required for design, construction and operation of the building
during its life-cycle; while a more recent interpretation of BIM is gaining more acceptance
among scholars and practitioners translating it to Building Information Management which
encompasses the organization and control of the business processes by utilizing the
information in the digital prototype over the entire life-cycle of an asset. From this point of
view, BIM is intended as the provider of centralized and visual communication which
facilitates early exploration of design options, sustainability, efficient design and integration
of disciplines (buildingSMART, 2011).
As indicated in almost all definitions of the concept, gaining the most out of BIM entails
technological advances as well as alterations in business processes. The latter can be realized
by introducing new meditating positions in construction firms with the objective of better
aligning different actors’ working routines with BIM-enabled design, construction and
operation procedures. Young, et al. (2008) suggest positions such as BIM manager, BIM
specialist, BIM champion, BIM administrator, 4D specialist and Virtual Design and
Construction (VDC) manager. Enhanced and BIM-friendly working routines pave the way
for a thorough implementation of BIM in a collaborative fashion.
3 COLLABORATIVE IMPLICATIONS OF BIM
Owen (2009) emphasizes the importance of recognition of processes, technologies and
people as the three foundations of industry when he clarifies the very basic requirements of
an integrated approach toward building design and delivery. This implicitly suggests that the
full potentials of new technological features such as BIM cannot be realized without working
processes that exerts peoples’ capacities and knowledge towards the corporation's goals. The
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collaborative component of business processes is one of the key factors for integrated
deployment of work forces, work processes and technologies.
It has been repeatedly spoken out that today’s culture of fragmentation and silo mentalities
prevailing the building industry should change (Eastman, et al., 2011; Young, et al., 2008).
There is in fact a bidirectional correlation between use of BIM and working more
collaboratively: a fully functioning BIM requires launching business processes that allow
more collaboration (Eastman, et al., 2011); whereas implementation of BIM, in turn,
encourages and fosters a closer collaboration among actors (Young, et al., 2008). In other
words, the distributed approach inherent in BIM (Jackson, 2002) both supports and requires
collaboration. Collaborative design and construction benefits takes an accelerated pace
incurred by peer pressure and development and use of social capital in different forms e.g.
relationships and trust (Young, et al., 2008).
Initiatives such as Integrated Product Delivery (IPD), Virtual Construction and Design
(VCD), Lean Construction (LC) and Holonic Manufacturing Systems (HMS) are all seeking
after operational solutions for a more integrated and collaborative building production
practice (Owen, 2009). Compatible knowledge management systems and data formats
throughout various building sectors are a prerequisite for a more collaborative design and
construction.
4 OBSTACLES AND PROSPECTS
Inspired by Owen (2009)’s three alleged industry foundations which constitute the IFC
standard (processes, people, and technologies), we suggest three major categories of factors
that contribute to ubiquity of implementation of BIM through the entire life cycle of the
building including facility management: workflows, contracts, and information
technologies.
Short-sightedness of the owners and their inertia in keeping on with the same old working
routines is a major obstacle (Eastman et al., 2011; Khemlani, 2011). Established roles and
practices, risk avoidance, temporary business relationships, document- and file-based
thinking, and silo mentalities (Owen, 2009) are some examples of prevailing attitudes among
facility managers and owners that hampers pushing the technology forward into the operation
phase. Moreover, a collaborative approach to building process cannot be realized in practice
unless corresponding contract forms such as Integrated Project Delivery (IPD) (Eastman et
al., 2011) are in place. Such frameworks will both promote and mandate collaborative
organizational settings. A tangible outcome of implementation of such types of contracts will
be replacing traditional paper and file deliverables by as-designed and as-built building
models which will in turn be developed to as-operated models for the end-users of the
building (Jokela et al., 2012; Eastman et al., 2011). One of the most important areas of
concern to be dealt with through new contract forms is intellectual properties and ownership
rights (Tarandi, 2012; Owen, 2009). Numerous efforts for introducing and enforcing
solutions for this problem are being made around the world. For instance, the United States
Army Corps of Engineers (USACE) suggests some methods for hiding data fields that are not
part of the contract when delivering building models to the successive actors or
subcontractors (East & Carrasquillo-Mangual, 2012). Various impacts of information
technology on a collaborative BIM-based building practice will be covered in the following
sections.
5 INTEROPERABILITY
Users expect BIM software applications to exchange project data as seamlessly as possible
(Russell-Smith, et al., 2012) which urges for use of interoperable tools. Interoperability can
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be defined as “the ability to manage and communicate electronic product and project data
between collaborating firms and within individual companies’ design, construction,
maintenance, and business process systems” (Fallon, et al., 2006 p. 1). Lack of
interoperability dramatically dampers construction projects by causing delays and confusion
(Fallon, et al., 2006). Life time of buildings normally exceeds that of many software
companies. There is thus a significant need for vendor-neutral open standards for building
data exchange (Ding, et al., 2009). The non-profit international organization,
BuildingSMART, was founded to deal with this deficiency (Young, et al., 2008).
One of the most credited achievements of buildingSMART is their building data model,
Industry Foundation Classes (IFC) (buildingSMART, 2011) IFC is a non-proprietary objectbased building data model that includes a wide range of schemas covering most of
commonplace entities and relationships in building industry. This enables a broad range of
users from different disciplines to implement this data format through the entire life-cycle of
the building (Khemlani, 2004). Implementation of buildingSMART’s standard model for
exchange of building information is often termed as open BIM (van Berlo, et al., 2012;
Tarandi, 2011).
Nevertheless, the interoperable and all-inclusive characteristic of standard building data
formats such as IFC forces them to merely contain the lowest common denominator of
contents of the proprietary data models in practice and should therefore be solely intended as
a common language for data exchange among actors and enterprises (Tarandi, 2012). Design
work will still be accomplished in native formats so as to deploy high professional capacities
of discipline-specific tools. IFC, on the other hand, provides the capacity to practice a
coordinated and collaborative building data management. An open standard BIM repository
is required to act as the central information hub for underpinning trans-disciplinary use of
IFC and facilitating seamless, coordinated and documented building data exchange.
6 BIM REPOSITORIES
A BIM repository helps maintaining collaboration within an organization as well as
externally with other actors (Tarandi, 2012). For a sustained multi-user access to the building
model, a set of protocols are required to manage updates and edits of the model as well as a
network and server to store and extract the model (Eastman, et al., 2011). Furthermore, the
BIM data must be stored in a way that different temporal versions can be retrieved at
consecutive stages (Schevers, et al., 2007) by different actors including facility management
(FM) staff (Cahill, et al., 2012). Version checking and retrieval of data in traditional ways is
often cumbersome, onerous and inaccurate (Young, et al., 2008).
Some software vendors intend BIM repositories as unified central data models based on
their homogenous software environments. Closed BIM servers such as ArchiCAD teamwork,
Revit Server / WAFS, Onuma and Adomi are some examples (van Berlo, et al., 2012). The
more recent approach for maintaining operability with actors using products of different
companies is provision of open BIM servers with plural data environments. These are
normally based on use of IFC for import and export of data for making the data more broadly
accessible and future-proof (Mitchell, et al., 2007). A central BIM repository in this latter
sense corresponds to a federated reference model / an aggregated model rather than a unified
model containing all disciplinary building information. EDM model server, Eurostep’s ShareA-space and BIMserver.org are some prominent examples of open BIM repositories (van
Berlo, et al., 2012).
The concept of the BIM Collaboration Hub as a web-based Open ICT platform to be built
on top of Share-A-space was introduced by Tarandi (2011) and developed within the
European InPro project. The BIM Collaboration Hub facilitates collaboration both within an
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organization and throughout extended and virtual enterprises during the whole life cycle of
the building (Tarandi, 2012). Object-level information management, partial exchange of BIM
models, enabling notification of change, extracting temporary updates from complete
transactions and automated synchronization of documents are some objectives of BIM
Collaboration Hub and its ensuing activities (Tarandi, 2012).
As implemented in the web-based open BIM servers, BIMserver.org (van Berlo, et al.,
2012), it is suggested that the central model is used for, among all, database querying, user
management, filtering, sending out change notifications to subscribers and occasional
merging of disciplinary models for analytic and presentation purposes. A number of merging
approaches are introduced e.g. fusing several discipline-specific model instances into one
IFC. Fusion is performed based on Globally Unique Identifiers (GUIDs) and IFC Name
strings; therefore, similar objects in different models will not be redundant in the merged
model. Both properties and relations of the merged objects will be inherited by the compound
object. When comparing different versions of a single model either added or changed entities
can be exported as a new instance. Van Berlo et al. (2012) recommend implementation of
optimal synchronization times or even manual synchronization so as to comply with
conventional working routines in consulting firms.
BIM repositories often include or are interconnected to model viewers such as
TeklaBIMsight, DDS viewer, Solibri Model Checker and Autodesk Navisworks. This
substantially helps non expert users such as owners and facility managers to actively use the
system (Jokela, et al., 2012). Indifferent of the BIM repository that is used, there is always a
sheer need for articulated contractual arrangements for intellectual property rights to underpin
a conflict-free use of the knowledge management infrastructure (Tarandi, 2012; Owen, 2009;
Young, et al., 2008).
7 TOWARDS A HOLISTIC BUILDING KNOWLEDGE MANAGEMENT
Implementation of building data repositories devised and used during design and
construction should also be propagated to the post-construction period. Facility management
and operation phase of the building is in fact an extensively data-intensive era. Efficient and
informed FM routines increase the return on investment (ROI), promote sustainable design
and are remarkable business enablers (Ding, et al., 2009).
There are great potentials for use of BIM for operation and maintenance activities (Jokela,
et al., 2012). Compatible BIM tools can help fully eradicate incorrect, fallacious or nonoptimized operation routines by timely provision of data and eliminating duplicate
information entry and information loss (Eastman, et al., 2011). This will assist corporations to
avoid unnecessary downtime and voiding warranties of the equipment (Sapp, 2011). Though,
not many BIM tools are specifically produced for operators yet; tools that are capable of
supporting input of BIM space components or other facility components representing fixed
assets. BIM models should become more integrated with operations software packages and
make BIM content and analytical capabilities more available to the owners (Young, et al.,
2008). Tarandi (2012) suggests that a PLCS-enabled building data model is the key to a lifecycle approach to building information management. Product Life Cycle Support is an open
ISO standard (ISO 10303-239) (Tarandi, 2012).
Construction-Operations Building information exchange (COBie) is an effort for
complementing IFC with FM data formats for a more thorough standardization of whole-life
building information (East, et al., 2012b). COBie is an open data transfer format for
structured registration of the information needed for FM early in the design and through
construction phase (East, et al., 2012b; Jokela, et al., 2012; Eastman, et al., 2011; Sabol,
2008). Full implementation of COBie demands a standardized semantic approach which is
currently under development within the buildingSMART’s data dictionaries initiative
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(buildingSMART, 2011). Without that, COBie sheets created by different actors may include
information about the same building elements under different entries and lead to redundancy
and inconsistency. Furthermore, despite the simplicity incurred by implementation of lowlevel formats such as spreadsheets (as suggested by COBie), this can result in further hurdles
in data handling such as registration, quality check and versioning of the COBie files
themselves when combined with a central BIM repository.
8 BIM REPOSITORIES FOR FM
Facility management and operations practitioners demand for a better access to and a more
centralized location for information. Populating all different types of building data
accompanying detailed documents of various types and formats in a single central BIM
model will make it so massive and complicated that FM practitioners will no longer be able
or willing to use it (Ask, et al., 2012). It has been postulated that acquisition of an
information hub can substantially facilitate transfer of building data from design through
construction and eventually to the operation phase. Choice of the appropriate model server is
important for more efficiency in FM phase (Mitchell, et al., 2007). Implementation of objectbased building data repositories goes back to as early examples as Sydney Opera House’s
FM:BIM system where a central repository was devised to register and administer all objects
and their relationships and link the variety of disciplinary models together (Sabol, 2008). This
constellation of loosely-coupled applications relied on use of IFC for exchange of building
data among disciplinary models (Schevers, et al., 2007).
In order for BIM repositories to be used also by FM practitioners, they should be
sufficiently capable of communicating to Computerized Maintenance and Management
System (CMMSs) such as IBM Maximo, TMA, FAMIS, FM:Systems, Facilty Link, Facility
Focus, Archibus and AssetWorks AiM (Khemlani, 2011). Nevertheless, providers of both
CMMSs and BIM tools should also contribute to this converging approach by enhancing their
products accordingly. Integrated solutions of Bentley Systems, Onuma System and
EcoDomus are some proficient examples of such an effort. A more recent trend in arranging
collaborative federations of building data management tools is devising bidirectional links
also to Building Automation Systems (BASs). Information Technology for Optimized
Building Operation (ITOBO) (Cahill, et al., 2012) and Sensor Fusion Platform (East, et al.,
2012a) are some suggestions for such an integrated array of data capturing and data
management tools and systems.
9 CONCLUSION
A collaborative AEC/FM practice demands a BIM-enabled knowledge management
infrastructure. Nonetheless, accumulation of all disciplinary data in a single integrated data
model impedes participation of some of the actors due to inability to work with large-sized
complicated models. An open standard central data repository is thus the ultimate solution. In
this approach, disciplinary models are still the major design environments; while the central
data repository only serves as a trans-disciplinary coordinator and facilitates occasional
merging of branch-specific models together for specific purposes such as visualisation,
energy analysis, clash detection, data query, etc. The central BIM repository acts therefore as
a life cycle support data template and a partial data container. The central BIM repository
facilitates continual and incremental enrichment and enhancement of the initial as-designed
building model and successively upgrading it to as-built, as-commissioned, as-operated and
as-maintained models without loss of information and frustrating data reproduction efforts.
A superlative FM-friendly BIM repository will make it possible to also integrate timed
data from wired and wireless sensors, controls and metering equipment to the existing
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Building Information Model, perform holistic and information-rich analyses and cycle the
outcomes back to design, construction and operation teams to help guarantee more
environmental friendly and profitable building and operation practices in the future (Cahill, et
al., 2012; East, et al., 2012a; Khemlani, 2011; Sapp, 2011).
Once the proficient commercial instances of the FM-friendly BIM-repositories are widely
in use and implemented by all actors through the entire life-cycle of the building, it will even
be conceivable to propagate the solution to also embrace scales beyond buildings and
building blocks as well as existing building stock. At that level, GIS data and 3D scanned
entities will also be imported so as to constitute an even more holistic digital representation
of the built environment and promote more collaborative, coordinated and resource-efficient
building projects.
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Abstract. Traditionally, the process of engaging the client for better understanding of client
requirements (CR) is emphasised at the early stages of project and the evolution of CR is hindered by
the lack of understanding of the building design process, scarce knowledge within the construction
process and the increased complexity of information and communication. In light of these changes,
Building Information Technology (BIM) is promoted as providing better visuals and better building
information management, which not only enhances understanding but also assists project team
members to better manage client expectations. The challenges confronted by the project team and the
client are considered in two case studies: two healthcare projects which employed BIM throughout
the process. The factors contributing to the challenges during the process were identified during the
capture, translation, transformation and delivery of CR. This paper seeks to explain how the project
team, including the client, dealt effectively with these issues. Seven in-depth interviews were
conducted across the two case studies to identify the steps and efforts undertaken to overcome
problems. The findings indicate that project team members [the client, the architects, the engineers
and the design managers] achieved a successful engagement with the client which enabled them to
overcome four main challenges during the CTTD process.

KEYWORDS: client requirements, capture, challenges, communication, engagement
1

INTRODUCTION

Building Information Modelling (BIM) technology which promotes better coordination,
collaboration and improved understanding, may lead to improved client satisfaction in
projects. Despite the proliferation of propositions, descriptions and proposed methods, it has
been acknowledged that, at the time of writing, there is a gap in assessing and examining how
BIM technology in a new-build project may achieve this. While much has been written about
the methods of improving CR delivery and also the advantages and technical aspects of the
BIM technology, there is relatively little of a cross-disciplinary nature from the social
dimension perspectives of investigation how these two issues may come together.
There is a widely-recognised need for a better transparent communication environment
which may promote better integration, cooperation and coordination of the project process
and thus affect client satisfaction. Despite increasing efforts made to improve the
effectiveness and efficiency of construction, the problem of delivering projects which fully
satisfy clients still persists. Wolstenholme’s review (2009) of the progress of the Egan
Agenda has considered what the industry has achieved in terms of client satisfaction.
Apparently, focus on the customer has remained important, but focus on integrating the
process and the team around the product has not yet occurred and there is still a situation
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whereby it is often unclear which requirements should be fed into the design process
(Shahrin, 2010).
The problem within the industry is that it often fails to deliver CR due to inadequate
efforts being made during the briefing process (Kamara et al., 2002). The situation is
aggravated by the lack of a systematic and structured approach, a lack of focus on the client’s
real needs (Latham, 1994), ineffective usage of information technology (IT), and most
importantly, failure to provide clarity and traceability in terms of the client’s requirements
(Kamara et al., 2002) which may be rooted in the problem of communication. The client is
the key to the whole construction process, and understanding the client’s needs is paramount
for the project team to achieve its aims (Latham, 1994). This can be done by getting the brief
right in order to meet the client’s expectations and having effective project delivery (Egan,
1998). Nevertheless, up to now there is a lack of knowledge and standards available on
projects that employed BIM, especially in the mental healthcare sector, with proven records
of success that are able to identify and classify requirements and link them with a project’s
processes (feasibility, pre-design, construction, handover, maintenance, and demolition) to
improve the communication of CR between the client, the project team and the end users.
The full study from which this paper is derived was concerned with examining the
process of capture, translation, transformation and delivery (CTTD) of CR in projects that
incorporated BIM technology in their new-build projects. Here, the research reports the
evaluation of the challenges that the clients and project teams’ experienced during the process
of delivering CR in two case studies that employed BIM. Drawing from the interpretivism
perspectives, the research examined the process of communicating the CR within the BIM
environment with a notion that BIM may improve CR delivery as the technology offers a
better visualisation and collaboration platform, revealing ways in which how the client and
project team deal with the challenges and issues during the delivery of the CR. In these case
studies, the client is classified as experienced, as they had a number of projects with the same
contractor and the same architectural practice. However, the people representing their
company were not the same in each project.
The research identifies that the continuous communication of CR has assisted both client
and project team to have better CR delivered. This study has deepened our understanding that
the processes involved in communicating CR in the project stages may offer a description of
ways to successfully deal with the challenges confronting the client and the project team.
The objectives of this paper are to: 1) to identify the issues and challenges that the project
team and client confronted during the delivery of the CR; and 2) to examine the solutions or
tools that have been applied to improve it.
2. CLIENT REQUIREMENTS (CR) AND BIM ENABLED PROJECTS
2.1.

Understanding the complexity of delivering client requirements (CR)

Satisfaction is one of the factors that relates to the success of the project. In delivering a
construction project, the client may experience a degree of disorientation with the new
developed design and the construction issues (Siva &London, 2012). This is supported by
previous research showing that clients faced difficulties as the result of lack of understanding
of the design and construction issues (Tzortzopoulos et al, 2006; Boyd &Chinyio, 2006).
However, Dawood & Sikka(2007) claimed that the client’s level of understanding can be
improved, as the traditional 2D drawing is often complicated and difficult, for better
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interpretation by the client and the stakeholder so that they reach consensus regarding
requirements (Koppinnen et al., 2008). Potentially, BIM has the capability to provide better
visualisation to produce better understanding based on improved visuals and the transparency
of data. A project team is able to clarify issues early before real work commences on site.
2.2.

Application of BIM and its relation to the process of delivering CR

This research does not focus on the technicalities of BIM but rather looks at the impact of
BIM practice and its linkage towards better delivery for clients. It particularly investigates the
social practices of BIM as a project methodology to reveal how the project team, including
the client, is assembled in a unique way to reap the BIM benefits to increase client
satisfaction. Particularly, it is more increasingly accepted by practitioners that for BIM to
realise its fullest potential, it requires a new set of practices and business processes during the
design, construction and operation stages (Harty, 2008). While there is a plethora of academic
and professional construction literature acknowledging the benefits of using BIM, the
question of whether it delivers increased satisfaction to the client is not yet answered.
3. RESEARCH METHODOLOGY
The strategic inquiry for this project is through case study methodology and the analysis
was underpinned by the interpretivism approaches. The main method of research was the indepth interview with the project team member and the client. A total of seven interviews were
conducted across two case study projects; one has been completed and the other is at the
beginning of the detailed design stage. The satisfaction with the delivery of CR for their
finished project is defined by the client and the project team the architects, the engineers,
the design managers and project leaders involved in the whole process of communicating the
CR process within the BIM environment. Hence, this research is limited to the subjective
values of the client and the project team.
Drawing from understanding the social aspects of CR communication within the BIM
technology, this paper raises several questions: what is it about the BIM technology which
promotes better visualisation, which may improve communication of CR delivery? To what
extent may BIM improve CR delivery? What are the hurdles and challenges that the project
team and client confronted in order to secure a completed facility?
The unit of analysis in this research is each of the projects, case study 1 and 2.Case study
1 is a 40-bed in-patient children’s mental healthcare facility situated in North East England,
which was recently completed. The project aimed to accommodate three mental health
services on one site: children’s services, challenging behaviour services and learning
difficulty services. This pioneer integrated project, where all the mental health services
related to children, ranging from very young children to young adults, were placed on one
site, had never previously been done in the UK. Therefore, it was crucial for the client to have
a world-class facility for the organisation to be able to create a centre of excellence for the
children.
Case study 2 is a 120-bed in-patient adult mental healthcare facility in North East
England which has just started and is now at the detailed design stage. The project aimed to
accommodate a facility for adult inpatient mental health. The client aim for this particular
project is to have an element of future-proofing in the design to accommodate any future
expansion of the facility.
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The suitability of case studies as the research approach corresponds with the chosen
philosophy, interpretivism. The case study, as described by Eisenhardt (1989), focuses on the
understanding the dynamics of the particular single setting presented, and its central notion is
to use the cases to become a basis for developing theory inductively by recognizing pattern of
relationship between the constructs and their underlying argument (Eisenhardt & Graebner,
2007). The reason for choosing these particular projects is due to the speciality, in the sense
that they allow the researcher to achieve certain insights into the projects, specifically in
examining mental health projects that employ BIM technology.
The client for these projects is the same organisation. The client has a number of projects
with the architectural practice and the contractor. However, the representatives of the
architectural practice and the building company are different for each of the projects. The
identification of the key informants is important to enhance the quality of the interview data
as the respondents are knowledgeable about diverse perspectives within the phenomenon of
research (Eisenhardt & Graebner, 2007).
4. FINDINGS AND DISCUSSION
The main challenges to be overcome by the project team members were during the
processing of the CR, and how to incorporate BIM into the new way of working. Four main
areas of concern were identified across these projects, as follows:
4.1.

Unclear and imprecise brief

At the beginning of case study 1, before any involvement from other project team
members, the client conducted a series of investigations in a form of ward routine observation
and a series of interviews with clinician and ward management. The output from these efforts
was the production of the business case which defined the organisation’s needs for the
project.
The business case did not specifically elaborate the project requirements at the beginning
of both of the projects. The Business Case of case study 1 included the physical requirements,
such as space allocation for the rooms, the function of the rooms and the types of rooms
required. However, for case study 2 this only specified the number of beds required for the
facility. Both the design managers for the project described that most times the information
released by clients was insufficient, which requires the designers to seek further clarification
from the client. For example, design manager 2 said that there were currently no major
changes to the clients’ original requirements since case study 2 was still in at the detailed
design stage and all the project participants were still clear on the original direction of the
project. However, case study 1 evidence suggests that a brief that was supposedly concise and
clear about the requirement was changed and improved through increased understanding of
the client and their organisation from the cumulative experiences of the project team and that
part of this came from better communication using BIM.
The essence and the objectives of the project in case study 1 were not clearly
acknowledged within the business case. For the project team members, when the question
relating to these was asked during the interviews, the answers from the architects and
engineers were mostly related to the delivery of a facility that would be therapeutic and
provide the best environment for the users, and getting the facility delivered on time and on
budget and with zero accidents. The design manager stressed that the objective is to deliver
the facility on time and within budget. This objective was being driven from the commercial
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drivers to promote the ability of the contractor’s organisation to deliver within time and
budget and zero accident. However, none of the project team members indicated that this
facility was to combine three services within one facility  the first time this had been done in
the UK and that the main essence of the project, according to the client, was to have a
world-class world mental health facility by being a centre of excellence. The interviews
demonstrate how different project team members interpreted the essence and objective of the
project. This may result from the fact that, despite believing they had a clear brief, the client
was still focusing on capturing the organisational need from the ward and clinician
management and confronting the many hurdles within the process. These hurdles included
the effort to communicate with the ward and clinician management in an understandable way
and to respond to their problems by providing the solutions [which eventually revealed the
organisation’s true needs]. This may have led further to a high fluidity in design which
occurred at the early stage, as the brief and the targets were always being changed as
described by the design manager. In addition, there are no existing standards or previous
project that could assist client in developing the brief since it is a pioneer project and having
to achieve world class standard, which is an intangible requirement, it is hard to translate into
design that can reflect such requirement.
However, in the second case study, the client aspirations were slightly matched with the
architects and the design manager. In this project, the client had two main aspirations. Firstly,
to have a facility that helps to develop a better quality of life for patients, to promote their
independence. Secondly, to have a flexible facility that is future-proofed to have a better
opportunity for expansion to suit the next development strategy. The design manager and the
architect described the better understanding which accumulated from previous projects with
the client which improve and positively influence their process in communicating their needs
and preferences.
Both of the case studies used their business cases as the main medium of communicating
the CR. However, for case study 1, the client took the initiative by conducting the observation
and interviews to capture the insights of the requirements for the facility. It is important to
note that case study 1 was a pioneer project and as a result the client was impelled to
understand and to capture the organisational needs before approaching the architects. In terms
of the application of BIM, the finding suggests that the application of BIM was not initiated
by the client during the early stage to understand their end user and organisation requirement.
This may be because the client did not have the technical and knowledge capacity to initiate
the adoption process so, in order to clarify the CR, meetings and a series of workshops were
carried out and the requirement were captured traditionally by a problem based approach
when the ward and clinician management discussed their problems and issues related to the
current facility. Later on, when the architects were on board, another series of interviews and
workshops were conducted with the client and the end-users. From this, based on the
initiative of the main contractor the CRs were translated into BIM models and were used to
seek approval. At this point BIM began to assist the architects and client to better capture and
translate the design in an iterative manner as this happened simultaneously when the
architects were translating the CR into models and getting feedback from the client and endusers more quickly than the traditional way of working. In the opinion of the respondents the
visualisation has certainly assisted the end user and architects in communicating better by
providing a tool which brings together the end users and designers who might otherwise find
it difficult to interpret what is being produced. More importantly, it has an effect on engaging
the client and end user over a wide range of design decisions thus the client feels more
connected to the facility as a whole.
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4.2.

Many modifications to the designs

The high fluidity of changes during the conceptualisation and design process in case study
1 were assisted by the use of BIM to visualise and clarify needs and provision to allow
confidence in the design before the setting of the Guaranteed Maximum Price (GMP). This
resulted in the avoidance of any changes during the construction stage, which saved both
construction time and cost changes.
Having an understanding of those changes necessary to reflect the organisation’s needs
was important to this project; the brief which was produced by the client at the beginning of
the project but it did not really specify those needs. The architects had to develop the brief
along with the ward and clinician management, which was time-consuming and faced
unexpected difficulties. Having BIM in their project for the first time and adapting to the new
way of working really resulted in requiring more time to amend the design. Although BIM
was considered an advantage by the respondents the architects were still confronted with the
issues of the end users’ inability to visualise the amount of space when the architects
presented the BIM model to the end users (e.g. how big is a 30m2 room? How big is this
room?) Therefore, more time had to be invested to build up life-size mock-ups in order to
generate understanding among the end users. Although the end users appreciated much of the
information in the BIM model they still struggled in visualising the sense of space.
The architect and the client both commented that one of the limitations of the BIM model
was the lack of refinement of detail. The architect commented that, by incorporating some
issues such as the colours and soft furnishing like curtains and carpets into the model, better
understanding and feedback was generated from the client and end users. However, this was
not available in the model and the architect had to add on colour manually to the models to
add more depth.
In case study 2, there are not many modifications to the initial design. Despite high
flexibility in the design, the element concerning the client most was the number of patients
per ward. The architect described the main requirement and the starting point for the project
was to have as much flexibility as the design would allow to cope with the increasing number
of patients with different needs and to allow the building to evolve with the organisation
needs.
Through newly acquired knowledge and skills from case study 1, the client team seemed
much more at ease and had more assurance, as they and the project team organisation had
learnt about BIM capability, and improved their way of working. The clients were more
involved during the approval process and possessed better understanding in clarifying their
needs to the architects and contractor. The design manager explained that the client team
were more engaged with the product and more connected to the process and achieved better
understanding of the building in the early design stages.
The issue of many modifications to design occurred during the capture and translation
stages of CR. Based on both case studies, it identified that there was no clear and distinct
separation between the process of capturing the CR and translating them into models. The
process of capturing the CR began with meetings and workshops to understand the end-users’
needs and these were translated into requirements in the business case. Brief and business
case acted as a medium in assisting the architect to develop the concept design. However, the
real communication such as meetings, workshops and observation involving BIM provided
better meaning and interpretation in acknowledging the requirements of the end user. The
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client in case study 1 had opted for a problem-based approach in the process of clarifying the
CR as they had developed the business case based on the problems specified by the end-user
during an earlier stage of meetings and workshops. However, in case study 2, the client had
gained much more confidence with the design process and the learning cycle has improved.
In case study 1, it is worth remembering that it was hard to get the brief right as all the project
team had difficulties in knowing how to create a concise and complete brief that reflected the
pioneering nature of the project while having no experience and guidelines or standard to
assist the process and how much the BIM model improved communication.
4.3.

Lack of BIM implementation at earlier stage

The lead client has stated that many modifications and changes to the design would have
been reduced if BIM was introduced earlier during the process. The client used the term ‘to
communicate’ to describe the process of capturing and translating CR. The client explained,
the process of communicating the CR to the users of the building at an earlier stage of the
project would have generated better responses, as BIM was said to have improved
understanding. It not only provides an early familiarity with the technology, but also enables
the learning curve to start earlier.
Both the engineer and the architect agreed that early production of the model would have
positive impact in terms of communicating CR during the capture and translation stage. The
architect in particular felt that communication and interaction with the ward and clinician
management by generating the model earlier would enable the production of a design concept
that better match the CR.
However, the architect and other project team members had to deal with the issue of
earlier investment at the front-end and obstacles regarding the high fluidity of changing
needs, which may have to be overcome. One possible drawback to earlier involvement was
mentioned by the designers in that they felt that there may be wasted design effort in
producing the model when the client requirements lacked substance. They pointed out that
there is an issue of “sufficiency of the effort”. Both of the respondents mentioned that it is
hard to balance the effort and resources that have been invested in creating and developing a
model that is meaningful and reflects what the client requires at to early a stage as the client
can change their mind on the whole scheme design. Considering the amount of time and
resources needed to build the information in order to develop the model it is worthwhile for
future research to consider in more detail the point at which the model should start being
produced to make best use of its advantages. The architects commented that investing more
time during the detail design process is better as the client has a better idea of what their
requirements are and this has positive impact on reducing changes during construction stage.
As for case study 2, the project adopted BIM at an earlier stage of the project. The main
reason for early adoption was because the client and the architects had learnt valuable lessons
from case study 1. Therefore, for the second case study, BIM was employed before the
project was officially started, when the architects were able to come up with various plans for
patients’ bedrooms, along with the landscape drawings, to enhance client understanding, and
to ensure client main objective for the facility to be flexible will be achieved.
4.4.

Learning curve of BIM among project team and clients

In case study 1, no-one except the contractor, who was the design manager, possessed any
skills or broad knowledge about BIM technology. In order to manage the project better, the
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design manager from within the contracting body became the real lead in this project. The
contractor set up the BIM protocols in order to manage the integration and the management
of the data, so that the data, such as models or specifications, was being uploaded at the right
time to avoid any information overload. The BIM protocols included the date of the
information, who was responsible for it, the kind of data expected and comments or feedback
on the data for future action, which all related back to the programme of works.
For the architects, the journey of creating the design into a facility within the BIM
environment was an exponential and challenging experience. The architect also related that
this journey of exploration demanded a huge effort upfront, as it required an investment of
time for more details and information at the beginning before the design was completed.
Compared to the traditional way of producing the design, the drawings could have been
produced a lot quicker due to the architects’ vast experience and skills, but this might have
demanded more work at a later stage to coordinate and update the design with other team
members. The structural engineer, on the other hand, expressed the opinion that the
implementation of BIM within the project should really depend on what stage the
implementation was to take place, the type of contract involved and the total cost of the
project. He acknowledged that an investment made at an inappropriate stage of the project
might not be considered as a waste, but that it was considered an inefficient effort as it had an
impact on the fluidity of the design and at the same time may have wasted time and
resources. He explained further that design process will undergo many changes at any stage
in order to produce the designs that reflect what the client wants.
In addition, both the architect and the structural engineer expressed their concerns over the
issue that not all project team members really produced the BIM model by themselves. In this
project, the mechanical engineer opted to let another company carry out the BIM model. The
architect and the structural engineer expressed their concern over the issue that the models
produced by this third party were quite delayed, which may have disrupted the progress of the
work. However, despite this BIM became the collaboration platform for the project. In
general, BIM provides a platform for collaboration of the project team and client and the
findings suggest that the team managed to integrate different levels of BIM knowledge and
capability to close the gap between the project team and the client.
The learning journey for the project team in case study 2 was much smoother. The client
had better perceptions of BIM technology’s capability to improve the delivery of the facility,
and both the architect and design manager had acquired the required skills and knowledge to
manage BIM within their project to function more competently. The architect described his
company journey as continuous improvement from the previous project despite his lack of
personal involvement in it. It clearly demonstrated that the architect and the client gained
greater confidence with the BIM technology and managed to adapt it well into normal
practice.
5. CONCLUSIONS
The analysis of these cases has identified the experiences, the challenges and problems
faced in the process of delivering CR in a project using BIM. However, the key finding in
this part of on-going research is in identifying and acknowledging that the solutions and ways
to overcome the challenges were much more efficient for projects when BIM technology was
employed earlier in the delivery of the project. In particular, the iterative process of capture
and translating Client Requirements is much more efficient and better in terms of engaging
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and connecting client and end user to the process to generate more meaningful design that
reflect their needs if BIM is used.
The analysis highlighted that the client and project team in case study 1 underwent a
tremendous learning curve in improving the efficiency of managing CR delivery. The client
and the project team commented on their satisfaction with the whole process and the facility
and described the project as a success, despite facing many challenges and issues along the
way. The success is, of course, a subjective matter to the client and project team. Past
research has identified that success for the project does not necessarily mean achieving the
golden triangle. The cumulative experience in case study 1 certainly increased the client’s
and project team confidence in case study 2. Stepping back from the normal measures of the
golden triangle in evaluating the client satisfaction, the study draws attention to the dynamics
generated from the learning curve of the project team and the client in adopting BIM in their
projects and the improvement of ownership which occurs with the feelings of engagement
that the communication provided. The study has demonstrated that the delivery of CR could
be improved when the models from BIM technology were employed to improve client and
project team understanding of the CR. BIM acted as a platform to communicate the CR and
the visualisation tools offered better feedback in the process of transforming the CR into
design. In particular, BIM offered a better way of working when the architects dealt with
difficulties in getting the experienced end-users and the client to understand and gain
approval for the design.
However, the application of BIM still requires background skills and knowledge, as some
of the end-users still struggled to comprehend the models and visualise the amount of space,
so that the architects had to build real-size mock-ups to overcome the problem. This clearly
demonstrated that background knowledge, training and guidance are crucial for better CR
delivery in projects using BIM. This part of the study also identified that cumulative
knowledge and skills does improve the delivery of CR within the BIM environment.
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Abstract. Organizations operating in the wood-based building industry struggle to reap the
potential benefits of Building Information Modeling (BIM) and Computer Numerical Control (CNC)
technology. To identify what changes will be required to improve the use of BIM as a collaborative
design tool, we conducted a focus group discussion with design professionals in the wood-based
building industry in the Agder region of Norway. The workshop participants represented multiple
disciplines, i.e. architects, engineers and manufacturers. The main identified barriers to effective use
of BIM were low organizational BIM capability, ill-defined data exchange processes, and lacking
demand and priority from the clients for including BIM in the project costs and schedule. To
overcome these barriers, several changes were perceived necessary: services should be established
where experienced BIM users aid the less experienced collaboration partners in creating digital
models; guidelines for inter-organizational BIM-based design should be customized for the needs of
the wood-based building industry; the role of a central BIM manager should be established; and
knowledge on the application of BIM and CNC in wood-based building projects should be
disseminated to clients and practitioners.

KEYWORDS: Building Information Modeling, BIM, digital collaboration, design practice,
building construction
1

INTRODUCTION

In the Agder region of Norway, timber has a strong position in comparison with other
materials when it comes to the construction of detached houses and other small buildings.
Moreover, timber has become an increasingly popular material for larger buildings and
buildings spanning several floors. Examples of this trend include ambitiously designed
structures such as the Kristiansand concert hall ‘Kilden’ or the new library in Vennesla. Thus,
the wood-based building industry is an important actor for creating and retrofitting the
regions’ building stock. Recent legislation in Norway, such as the NS3700/01 standards for
developing low-energy or passive-houses, and clients pressuring for reasonable quality
standards, better architecture, and at the same time affordable housing, pose challenges to
organizations working in the wood-based building industry (Schmidt, 2009).
The changing market expectations towards more affordable, attractive and modern
buildings, fulfilling demanding energy and environmental standards, require organizations to
rethink their way of working. Especially, improved collaboration becomes important as
“monolithic, self-contained, inwardly focused corporations” (Tapscott & Williams, 2007, p.
290) will not be able to meet the market’s expectations. Integrated design and building
processes, and more sophisticated information and communication technology (ICT), have
become highly focused topics to advance the wood-based building industry (Schmidt, 2009).
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Recognizing the need for change, many manufacturers of timber-based building
components have invested heavily in automation. Such investments include computer
numerical controlled (CNC) machinery and Building Information Modeling (BIM) systems
providing machine readable files. BIM is regarded by many as a core technology to ease the
collaboration among the actors in the industry, to improve the build quality and to be a source
for more innovative products (Bysheim, 2012). Given that Agder’s wood-based building
industry has witnessed heavy investments in automation and technologies throughout its
entire supply chain, this part of the architecture, engineering and construction (AEC) industry
makes a compelling context for our study.
Despite an increasing uptake of BIM and CNC, the timber industry utilizes their new BIM
technology and CNC machining units foremost to simply speed up the production of simple
timber frames or trusses (Larsen, 2008; Scheurer, 2010). Merely substituting old technology
and leaving old organizational processes intact, is one reason for why parts of the industry are
missing out on the prospective benefits of technological innovations (Merschbrock, 2012).
Moreover, information sharing across organizations in BIM-based design remains an
important challenge (Merschbrock & Munkvold, 2012). We seek to contribute to
understanding how these challenges might be overcome by exploring the following question:
What changes will be required to improve BIM-based design practices among AEC
professionals in the wood-based industry?
To address this question we conducted an industry workshop involving a group of design
professionals working hands on with the design of wooden structures based on BIM
technology. The workshop was designed to offer a platform for practitioners to discuss
experiences with BIM technology and how current practice could be improved. The paper
presents the insights from this workshop, and discusses the potential implications of these.
2 RELATED RESEARCH
Three levels of analysis can be identified in the literature on BIM adoption and use:
industry-wide, organizational and inter-organizational. The industry-wide BIM adoption
studies seek to reflect on BIM adoption at national or international level (McGraw-Hill
Construction, 2012). The organizational level studies focus largely on the behavior of single
adopters of BIM (Peansupap & Walker, 2006), and the inter-organizational studies focus on
the collaborative interaction of several adopters in project teams (Merschbrock, 2012). Much
of the scholarship on BIM adoption to date has been focused on the technical requirements of
BIM and the definition of new standards for information exchange, but less on the interorganizational practices surrounding the modeling activity (Dossick & Neff, 2011). Recent
international R&D outlook publications by institutions such as the International Council for
Research and Innovation in Building and Construction (CIB), argue for further research to
define new collaborative processes across all project phases and between all actors in
construction projects (CIB, 2010). This finding is echoed by research reviews arguing for the
need to strengthen research on the inter-organizational collaborative use of BIM in
construction projects (Merschbrock & Munkvold, 2012; Shen et al. 2010).
Inter-organizational studies draw from theories such as the boundary object lens (Gal et
al., 2008; Neff, Fiore-Silfvast, & Dossick, 2010) and Actor Network Theory (ANT)
(Linderoth, 2010). This stream of research documents the need for project teams to develop
new communication processes for taking full advantage of the new BIM technologies
(Dossick & Neff; 2010, Whyte, 2011). However, creating such new communicative processes
linking several organizations is far from easy as various “forces and structures must be
accounted for” (Dossick & Neff, 2010, p. 459).
There is a tendency for today’s AEC organizations to rush “headlong into it [BIM
collaboration] without making the proper organizational changes” (Oakley, 2012). However,
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using new BIM technology without changing processes results in designers working in
isolation instead of collaborating effectively (Merschbrock, 2012; Neff et al., 2010).
Researchers argue that organizations should start by using BIM just on a few handpicked
projects in order to “design, build and test new processes”, which could then be
“incrementally improved across a number of projects” (Whyte & Lobo, 2010, p. 566).
Moreover, to be able to manage collaborative processes firms would need “inspirational
leader[s] who can navigate a complex yet disperse project hierarchy, acquire much needed
information, and strongly represent the interests of his or her team at the project level” (ibid.,
p. 459).
The R&D program det digitale byggeri (Digital Construction) is a Danish government
initiative established to increase and improve knowledge-sharing between the parties of the
construction sector. One of the outcomes of this program is the ‘3D working method’ which
offers a categorization of activities required to create, exchange and re-use modeling data at
project level (bips, 2007; Moum, Koch, & Haugen, 2009). The framework consists of six
main activities in model based collaboration (Table 1). We apply the framework to classify
the issues raised by the workshop participants into topic areas, to allow for a focused
discussion of the areas in need for further improvement.
Table 1: Activities in BIM based design (adopted from bips, 2007)
Activity
Drawing production
Exchange
Simulation
Consistency checks
Visualization
Quantity take offs

3

Definition
Encompasses all modeling activity required to produce 2D construction design drawings,
disciplinary 3D models and aggregated 3D models.
Modeling cooperation between the parties.
The simulation activity conducted by individual designers in their respective area of
responsibility, such as climate, energy, strength, fire etc.
Check of disciplinary models for overlap, collisions and occurrence of objects.
Visualization of models projected on a screen to improve communication.
Extraction of data from models to obtain information from disciplinary models for cost estimates.

METHODOLOGY

A useful methodology to identify “usage or managerial issues related to technology, systems,
and IT management” is the focus group research method (Belanger, 2012). Focus groups is a
research method devoted to data collection based on group interactions and a topic
determined by a researcher (Morgan, 1996). The strength of a focus group method is that it
allows for discussions where participants both query each other and explain themselves to
each other (Morgan, 1996). Thus, the focus group method is considered a suitable method for
creating an in depth discussion about work processes and communication practices
surrounding the BIM model. Focus groups can be distinguished from other forms of group
interviews in that they are normally conducted with a homogenous group of 3-10 strangers in
a formal setting (Morgan, 1996). Belanger (2012) argues that it is important to invite a group
of strangers which are “experts” in the topic area. Moreover, he states that the moderator
should introduce the topic to get everybody in the same mindset, and ask broad open ended
questions to gain an understanding of the respondents’ attitudes and opinions.
The targeted participants of our focus group were firms affiliated with the regional Agder
Wood initiative (www.agderwood.no). Three of the invited firms responded and sent a good
selection of practitioners to participate in the workshop. The participating practitioners were
two architects, one civil engineer and a contractor working for a timber frame manufacturer.
The participants all had a similar strong knowledge base in design based on BIM technology,
working hands on with the technology. The engineer had BIM experience since 2003, the
architects had worked with modeling technology since 2007, and the timber frame contractor
had worked with modeling technology since 1998. In terms of the position in their firm’s
hierarchy, they all worked more or less at the same level. This allowed for open discussions
with relatively equal participation by all involved. Involving four professionals from three
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different firms, our focus group was within the recommended group size (Morgan, 1996).
The discussion lasted for three hours. The session was voice recorded, transcribed and
analyzed by using qualitative data analysis software (NVivo9). The focus group transcript
documents were imported into the NVivo9 system. Then altogether eight nodes or data ‘tags’
were created including the six activities relevant in BIM based design (table 1). Further, we
added two more ‘overarching’ categories for classifying the possibilities to improve practice
and the roles and responsibilities required for this. The transcript was coded and the data
segments sharing a similar theme were gathered together into overview reports, which then
were subsequently used to present the findings within this article.
4 ANALYSIS
4.1 Drawing production
The participants discussed some persistent issues related to the production of drawings and
the documentation of design results. The first issue discussed was that project participants
often have different levels of capability when it comes to working in BIM. From the
discussion emerged that the organizations working in the wood-based building industry can
be roughly classified into three levels of ‘BIM capability’ (Succar, 2012):
 Pre-BIM capability: consists of organizations that still prefer using 2D CAD design
technology over using BIM technology. This group of ‘non users’ is especially populated
by small construction firms and small consultancies having little available resources.
According to the workshop participants these actors are interested in preserving the
“status quo” and seek to keep their established ways of working intact.
 BIM-Stage 1 capability: organizations are ‘novel’ users of BIM technology. Examples
mentioned were timber-frame firms that just began to recognize and explore the potential
of modeling technologies. This group of organizations has not yet fully developed the
capabilities to participate in a functional BIM collaboration at project level.
 BIM-Stage 2 capability: organizations are ‘expert’ users of BIM. These organizations
have been able to build up considerable experience in 3D modeling and BIM based
design. These actors have both the experience and the resources to run a fully functional
BIM system.
The following statement illustrates that many Pre-BIM and Stage 1 users of BIM technology
participate in today’s projects:
“There are many that do not think BIM is important and they continue to work in 2D. And
almost all firms that I work with are still learning to do BIM, there are many projects that are
still run in 2D and there are consultants that do not model either.” (Timber-frame contractor)

When discussing the implications of different capability levels for project practice, it
emerged that the BIM systems’ overall functionality depends on how well those actors that
do not have expert knowledge in BIM can be integrated in the process. One of the architects
mentioned that it would be possible for architects and engineers to provide services beyond
their usual design tasks, and aid small timber-frame contractors to create BIM models and
workshop drawings. The timber frame builder argued that this assistance would not be
welcomed by many element producers, as the production of workshop drawings requires
unique expertise only available at the manufacturers. The following statement illustrates that
many would regard this “service” as inappropriate:
“I do not believe that you would find a single element producer that would like the architect to
produce production drawings, they want to control those themselves.”(Timber-frame
contractor)

Further, the timber frame contractor stated that especially firms’ already using sophisticated
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technologies to run their production have an interest in controlling the production of drawings
themselves. The timber-frame contractor continued to explain that the utility of CNC
machines could be increased further by streamlining the flow of BIM design data from the
early design stages to production. He argued for a better coordinated information exchange,
and made the case for more effective “channeling” of information towards the persons
creating the workshop design and CNC data:
“[If you have] a CNC machine that is a controlled by a 3D model and by data right out of the
BIM model you can take it still further and have automated tools that produce ready walls. […]
It is more demanding for the person that is supposed to draw the model, and he needs to know
how things shall be, and he needs to be very knowledgeable. The knowledge of many
individuals needs to be bundled within the one person that has to draw.” (Timber-frame
contractor)

4.2 Exchange
Practitioners experience a variety of issues related to the exchange of BIM models at project
level. It emerged from the workshop discussions that especially the structured exchange of
modeling data remains a challenge in construction projects. Practitioners find it difficult to
arrive at a consensus about how and when in the project it would be appropriate to exchange
modeling data. The civil engineer shared her experience, and the following quote illustrates
that the lack of agreement for structured model exchange may lead to design faults:
“Architects are really unstructured; when we began with the project it was really difficult to
agree on the origin [for the axis lines X, Y and Z in the three-dimensional space], and it is of
outmost importance to get this right if you want to combine [BIM] models. […] We
experienced that a wood manufacturer used outdated [6 weeks old structural] models in their
design, and that it took a huge effort to correct their design later on. In consequence, nothing
fitted really 100%” (Civil engineer)

Another issue that surfaced in the workshop discussions was that today’s commercially
available BIM software solutions are considered technically inadequate for serving as
collaborative workspaces in which several designers jointly create solutions:
“I believe that today’s programs do not provide the possibility to work in a shared model, it is
still too early.” (Civil engineer)

Instead of working in a shared model, today’s practitioners exchange modeling data by
creating replica of their models based on the Industry Foundation Class (IFC) file format.
In addition, the workshop participants stated that the client’s demand is a crucial precondition
for BIM design collaboration:
“If the client does not want BIM then we do not work with BIM […] there will be no BIM if it
is not specifically asked for. […] We draw in 3D, but what matters in BIM is the information
that you put inside, and if they do not ask for that information then we do not use our money on
that.” (Architect 1)

From the workshop discussion, designers perceive the practice of BIM-based collaboration as
more difficult and time consuming when compared to traditional design practice. Thus, the
architect argued that if clients are not specific in their intention to run the project as a BIM
project and do not allocate additional financial resources for the designers, then all parties
would minimize their BIM related work efforts.
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4.3 Simulation, consistency checks, visualization and quantity take offs
In today’s projects it is fairly common that engineering consultants deploy simulation
software to assess, for instance, a building’s stability, electrical dimensions or to assess the
fire resistance of a structure. However, according to the civil engineer these simulations are
mostly run in separate simulation software external to BIM. Other simulations such as clash
detections, environmental assessment and quantity take offs, are regarded as additional
services for the client which will only be run when explicitly demanded. The following
statement by the architect indicates this practice:
“We have many small projects and we create 3D models all the time, but BIM and 3D
modeling is not the same. BIM design is when you make use of all the possibilities it offers for
quantity take offs, model checking and such things. These things are not often required, but
large clients such as [a big Swedish contractor] and [a Norwegian public client] demand that.
We have now a large project with [a multinational construction company based in Sweden] and
they are quite advanced when it comes to quantity take offs and calculations.” (Architect 1)

4.4 Possibilities for improving practice
The participants suggested a variety of possibilities for improving current practice. Especially
the establishment of a set of rules governing the design process was regarded as a necessity to
improve BIM based collaboration. These BIM exchange rules should define what everybody
needs to do and know to enable a structured model exchange (e.g., technology used by the
disciplines, type of models, the x, y and z coordinates of the design origin). Further, it was
suggested to arrange for an early project meeting in which these rules should be formulated.
To enforce the BIM exchange rules the practitioners suggested establishing a BIM quality
control system at project level:
“To get good coordination and to make a good system one could for instance run a quality
system based on check lists and so on. This would make it clear for everyone what to do [when
exchanging BIM models].” (Architect 1)

Further, the civil engineer stated that current contracts would need to be adjusted to be able to
run a BIM project. Beyond establishing BIM rules, such a contract should be specific about
the interfaces across organizations in BIM design work. The timber frame contractor argued
that it would be challenging to define clear interfaces separating practitioners in their
modeling work. However, there was agreement that current BIM contracts are not specific
enough, and that the contracts need to offer more precision in their formulation to ensure that
everybody can contribute to modeling.
One architect stated that firms could develop a more strategic approach to tendering by
offering two cost estimates for their services. One of these estimates could include working in
BIM-based design including intense collaboration and related managerial tasks, and the
second could just include an estimate of “business as usual” standard architectural practice.
This strategic tendering could enable clients to choose from the two options. Arguments for
clients to decide for the more ‘expensive’ BIM alternative could be better ability to assess
whether the proposed design solution meets the requirements, the ability to assess what the
building will look like and how it will fit to the surroundings, benefits for operation and
maintenance, better and more reliable cost estimates, and a reduced fault rate (bips, 2007).
Another issue discussed was that all disciplines including the timber-frame contractors,
should be included at an earlier stage in the design process to allow for their active
participation in collaborative modeling:
“All disciplines have to be involved earlier, for example most of the time we come in very late
in the process, it is only in some large projects where we are involved earlier. We are then able
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to look at early BIM models and suggest changes that would include massive cost reductions
for the client.” (Timber frame builder)

There was consensus in the focus group that a building’s design should be finalized in an
appropriate time frame and before the on-site construction commences. Allowing designers to
use more time for their design would have the effect that BIM models could be created with
greater attention to detail, and in a higher quality than currently possible. However, this
would require for clients to make design decisions earlier in the project. Clients would need
to take decisions about the materials, the functionality and the aesthetics of the future
building early on in the project. Moreover, after having finalized the BIM models the design
should be “frozen”, meaning that changes throughout execution should be limited.
In addition, the designers stated that working based on BIM is resource demanding, and that
it would require clients to commit additional financial resources at an early project stage.
However, the participants argued that these additional costs would be compensated for by
higher product quality and less rework and faults during the construction phase:
“The entire industry should use maybe 5% [of the total estimated costs] additionally in design,
and they can easily earn that in by reducing faults on the construction sites.” (Architect 1)

4.5 Roles and responsibilities
The focus group discussed how responsibilities and organizational roles would need to be
arranged to optimize the structuring of the communicative processes in BIM. There was
agreement that a central BIM management function would need to be established at project
level to improve current practice. This management function should serve as a central BIM
communication hub, taking care of the structured distribution of model based design data at
project level. Further, this management function should be a control instance to enforce
agreements about quality, interfaces and delivery time of disciplinary modeling contributions.
The focus group suggested that this function should be filled by a senior project manager
having technical understanding of the issues that may arise for individual disciplines. Several
participants stated that this manager would need to take care that everybody gets an equal and
fair treatment in the BIM collaboration, and to grant this fairness the manager should be
independent of the disciplines involved in the project. Further, this manager would need to be
able to spot weaknesses in organizational BIM modeling practices and introduce corrective
measures. This would require a powerful actor or somebody having the legitimacy required
for effective management. Moreover, this person would need to have sophisticated
communication skills to be able to create an environment in which designers feel comfortable
to share their designs. One issue raised was that the establishment of a central BIM manager
role would require suitable funds and that this solution might be appropriate for large
projects, but less so for small residential projects in which funds are relatively limited.
5 DISCUSSION
The focus group discussion allowed for developing ideas for a managerial response to the
currently experienced issues related to BIM design. According to the focus group members,
this response would create the possibility for better practice. An overview of the key findings
is presented in Table 2. We found that many specialist contractors operating in the woodbased building industry have invested heavily in new CNC machinery and BIM software.
However, the current use of this machinery is limited to producing simple timber-based
building components such as trusses and frames not requiring intensive 3D modeling efforts.
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Table 2: Possible Improvements for BIM based design
 Disseminating knowledge about BIM among the actors in the industry by establishing a regular discussion
forum joining academia and practice
 Establishment of criteria for structured model exchange at project level
 Establishment of the role of a central BIM manager distributing, assessing and managing the design at project
level
 Channeling the information flow towards the designers producing CNC machine data
 Definition of the interfaces and scope of disciplinary designs contributions
 ‘Expert’ BIM users could actively support ‘novel’ and ‘non’ BIM users in the project’s design
 BIM start-up meeting in which everybody participates
 Establishment of a BIM model quality assessment system (e.g. shared model origin x, y and z)
 Precisely formulated BIM contracts
 Early involvement of all actors including the timber-frame builders
 Finalizing the design before construction commences
 Allocation of additional financial resources or towards the design stages
 Getting the client’s “buy in” for BIM and the resources required for a fully operational BIM system at project
level
 Close managerial attention needs to be directed at BIM collaboration
 Design decisions have to be “front loaded” to enable BIM

However, many of these firms begin to explore the possibilities for producing more advanced
architectural elements based on CNC data, and to cope with the increasing complexity of the
elements they need to create or acquire more machine readable 3D data.
Our findings illustrate that such accurate 3D production data is hard to come by for woodbased building firms in current practice. Current modeling practice at project level is
“messy”, as actors in the industry continue to struggle both with production and exchange of
model based data. The difficulties to produce models result from different organizational
capabilities with regards to BIM use. The firms exist along a spectrum ranging from highly
computer literate expert BIM users to non-users of BIM technology. This finding is in line
with earlier research, and BIM maturity and capabilities remain highly focused research
topics (Succar et al., 2012). Many of the current difficulties to exchange BIM models can be
attributed to a lack of structuring of the communicative processes required (Merschbrock,
2012).
We argue that both BIM capability and the communicative processes are areas in need for
managerial attention. The exchange of BIM models could be eased by establishing better
formal arrangements defining the scope and level of detail of modeling work for each
discipline. And when adjusted for wood-based building, guidelines such as the Danish “3D
working method” could be useful to improve practice.
Beyond formal arrangements, real improvements come only within reach if stage 1
(‘novel’) and pre (‘non’) BIM users are actively included in the design. One approach could
be to mitigate the lack of BIM skills at project level by providing firms with external help. In
addition, all parties should be given an appropriate time-frame to create their designs. In
recent literature, time pressure is seen as: “an important barrier to the successful use of
interorganisational ICT [such as BIM]” (Adriaanse et al. 2010, p. 79). First, BIM design
requires more work than traditional design and thus the timeframe for BIM design should be
extended. Second, all parties including the timber-frame designers need to be included earlier
in design. The importance of early contractor involvement in the design process to improve
drawing quality has been recognized in literature (Song et. al 2009). Third, the client’s
decision making would need to be ‘frontloaded’, meaning that more decisions have to be
taken at an earlier stage.
Our findings suggest that the inter-disciplinary modeling work should be run by a central
BIM manager. In addition, BIM needs to be managed within individual organizations
participating in the project by strong and inspirational local BIM managers (Dossick & Neff,
486

C. Merschbrock and B. E. Munkvold

2010). The central manager could facilitate the exchange and ensure that all actors receive
BIM modeling information in a timely manner and in the required quality. This central BIM
manager would need to possess considerable construction knowledge, formal power, great
communication skills and needs to be independent of the disciplines involved. The central
BIM manager should be the communication hub for the entire project bridging all disciplines
involved. Figure 1 illustrates that the BIM manager should be positioned right at the core of
the inter-organizational activity. However, in current practice BIM managers are mere “local”
managers responsible for bundling the BIM information created within an organization, and
managing the input and output of BIM modeling data for the organization in question. Thus,
the suggested central BIM manager role represents a significant further development from
current practice.

Figure 1: Central BIM manager as communication hub

Last, the dissemination of BIM related knowledge remains a challenge. The focus group
practitioners suggested that the establishment of a common forum in which they could get
together and discuss challenges related to the use and adoption of BIM, might be useful to
overcome this challenge. It has been argued that the establishment of government funded
competency centers would be useful to improve BIM related knowledge dissemination in the
AEC industry (Hore et al. 2011). Competency centers having a special focus on the needs of
the wood-based building industry, addressing both BIM and CNC related topics, could be a
useful resource for current practice. However, when organizing the workshop we found that
despite a wide interest in BIM related topics, many practitioners were constrained from
participating by their busy schedules. Thus, we argue that it may be a challenging task to run
regular BIM forums, as practitioners often ‘simply’ do not have the time to participate in joint
discussions on the latest technology.
Due to the wide availability of standard industrial CNC equipment, the wood-based
building industry has a great potential to create ‘digital fabrication’ environments. By digital
fabrication environments we refer to processes joining design with construction through the
use of BIM and CNC machines (Strass, 2007). However, this opportunity is currently largely
left unused, and current practice suffers from the absence of a stable information flow from
early design to the code generator. We found several challenges in current practice and
suggested possibilities of how to improve communication in project teams.
The suggestions presented for improving communication practices is based on a single
focus group discussion with four experts. While these respondents were knowledgeable users
of BIM technology, representing different construction disciplines in the wood-based
building industry, these findings should be validated through further analysis of industry
practice.
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6 CONCLUSION AND IMPLICATIONS
Based on a focus group discussion with practitioners in the wood-based building industry, we
have identified challenges in the deployment of BIM and CNC technology, and changes that
will be required to improve BIM-based design practices among AEC professionals in this
industry. Despite heavy investment in the wood-based building industry in BIM and CNC
technology, several barriers limit the full use of this, such as low organizational BIM
capability, ill-defined exchange processes, and clients not demanding BIM in conjunction
with time and budget constraints. To overcome these barriers, the following major changes
need to be implemented in the industry: 1) intensify efforts to include ‘novel’ and ‘non’ BIM
users in collaboration, by offering services where experienced users aid others in creating
models; 2) developing guidelines for inter-organizational BIM communication processes in
line with the ‘3D working method’, but customized for the information needs of the woodbased building industry; 3) establishing the role of a central BIM manager; and 4)
disseminating knowledge on the application of BIM and CNC in wood-based building
projects for clients and practitioners alike.
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Abstract. The increased competitiveness in the Brazilian construction industry has validated the
need for construction companies to seek improvement in the management of its processes. The
knowledge about the actual performance feedback is critical to the production system in order to fix
bugs; many of them related to the waste of materials and workmanship. Within this context, this paper
analyzes and discusses both the material loss occurred on the concreting structure process and the
productivity of the manpower involved in the execution on site. To obtain indicators were collecting
data, whose methodology included a survey of theoretical volume of concrete and concreting of time,
divided into concrete beams and slabs and concrete pillars. Among the results, there is a variation of
loss between 3,46% and 42,16%, while the productivity indicators, results have been between
1,82Mh/m3 and 12,44Mh/m3. It could be seen both as loss and productivity, the results were
discrepant, demonstrating the potential for rationalization on site.
KEYWORDS: Performance indicators; Concrete; Loss; Productivity; Benchmarking.
1 INTRODUCTION
Concrete represents today one of the most widely used materials in construction for the
composition of structures, whether they are reinforced, prestressed or mixed. It is estimated
that annually 11 billion tons of concrete are consumed, generating approximately an average
consumption of 1.9 tons of concrete per inhabitant per year, a value inferior only to water
consumption. In Brazil, ready mixed concrete that comes out of the batching plants is of
approximately 30 million cubic meters (Pedroso, 2009).
However, concrete also became the second largest representative in construction and
demolition waste (CDW), corresponding to 21.2% of the mineral fraction of rubble, which
corresponds to values between 75% and 90% of the total debris generated. The percentage of
concrete in the mineral fraction is only behind mortars (Zordan, 1997).
Besides the rubble, loss of concrete can also be presented in an incorporated form - that is,
when present in the structure, but in quantity superior to that requested in the project resulting in additional costs, overweight in the structure and interference in the performance
of other activities, such as the finishing, for example (Souza, 2005).
Both losses in the form or in the incorporated form are closely related to labor
productivity, as the concrete directly depends on the execution time of the concreting service
to ensure its workability. Carraro et al. (1997) state that "labor has become the true barrier to
the construction industry, whose expenses are significant and its control, one of the most
arduous of tasks."
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Therefore, the management system of the Brazilian construction companies has adhered to
the use of performance indicators - quantitative expressions of the behavior of the process or
product - as a tool for analysis and intervention of processes, aiming optimization.
Lordsleem Jr. et al. (2011) states that the indicators promote knowledge of corporate
performance and, when inserted in a collaborative process, with the identification of
benchmarking, provide results between companies and the knowledge of the best practices.
In this context, this paper analyzes and discusses both the material loss occurred on the
concreting structure process and the productivity of the manpower involved in the execution
on site. The benchmarking research was carried out with 03 building construction companies,
whose methodology included a survey of theoretical volume of concrete and concreting of
time, divided into concrete beams and slabs and concrete pillars.
The indicators selected are included in the Program of Performance Indicators
(PROGRIDE) - which consists of a performance indicators system for construction
technologies based on cement - coordinated by the Brazilian Association of Portland Cement
(ABCP) and idealized by the POLITECH research group (Management and Technology for
Building Construction) of the Polytechnic University of Pernambuco.
Following, both the losses of concrete as well as the productivity of labor in the service of
concreting are presented and discussed, from the calculation methodology until
implementation and identification of their influencing factors from the benchmarking process
in the monitored companies.
2 LOSS AND PRODUCTIVITY IN THE CONCRETING SERVICE
Souza (1996) conceptualizes concreting as "service which essentially consists in the
placing of concrete over the form, in the vibration to obtain adensation, in the leveling and
surface finishing, in the case of slabs".
This service represents the final stage for producing the reinforced concrete structure and
is generally the most important phase. The mistakes made at this stage imply in large future
losses, among which pathologies, overconsumption in the finishing and rework. Dantas
(2006) affirms that "the success of the service can influence the others, as it is closely linked
to the execution sequence of the structure, which may interfere in the cycle as a whole".
Araújo (2000) argues that the executors of this service are internal suppliers from
innumerous clients regarding other services that compose the work of constructing a building.
Therefore, this step of the execution should only be allowed after checking the services
that precede it, which are: the service of moulds (cleaning and applied demoldant),
framework (positioning) and built-in facilities (eg, placement of bengals). Also, the
availability of all equipment and tools required to perform this service should be checked
beforehand.
Souza (2005) defines loss as "any amount of material consumed beyond the amount
theoretically required, which is indicated in the project and its memorials, or other
prescriptions from the executor, for the product being carried out".
Pinho (2010) justifies the loss mainly by the deficiency in project planning execution for
production and in the monitoring of the service, which contributes to the adoption of less
rational practices, for example, the over-consumption of materials, labor, work and time.
Despite the losses being inherent in any construction process, it is up for the industry
professionals to understand them both quantitatively as qualitatively in order to subsidize
minimization strategies (Souza, 2005).
Productivity is conceptualized as the relation between inputs and outputs of the considered
process, being today one of the most difficult resources to manage. In his work, Araújo
(2000) highlights the importance of measuring productivity in times of intense competition
between construction companies, namely: prediction of labor consumption, prediction of the
491

Alberto Casado Lordsleem Jr., Fábia Kamilly Andrade, Suenne Correia Pinho

duration of services, evaluation and comparison of results through the process of
benchmarking and improvement of construction methods.
Measuring productivity means having parameters that may delineate corrective measures
in the process, in order to achieve economic and production growth and related from
industrial and business prospects (Jang et al., 2011; Kim et al., 2011).
It is also possible to relate the productivity indicator to the indicator of wastes. Souza
(2005) cites material productivity when he defines productivity as the efficiency of certain
amount of effort to obtain certain results. Therefore, productivity of materials would be the
effort required of materials to complete a service unit.
On the other hand, the productivity of labor would also result in gains in efficiency of
materials when it comes to the service of concreting, since the material used - concrete – has
its workability directly related to the duration of the service. Therefore, productivity is
closely related to losses in the considered process.
3 METHODOLOGY
This study followed 180 hours of service from 03 construction companies, whose
concretings were divided into 04 pillars concretings and four beam concretings, slabs and
pillar complements, for each monitored company.
The pavement considered was the multi storey floor due to the possibility of
implementation of strategies for further improvements in others floors. The contemplated
concrete was industrialized due to the adoption of this predominant component by building
companies located in the city of Recife, state of Pernambuco, in northeastern Brazil.
In this study we considered the loss of concrete for the following situations: 1) actual
consumption of concrete superior to what is necessary to concrete the elements considered,
i.e., surplus materials generally used for filling floors, sidewalks, among others; 2) actual
consumption of concrete that has begun the fixing time during concreting and returned to
concrete industry; 3) the concrete-mixing truck which has not passed the test of cone slump
and, consequently, returned to concrete manufacturer without downloading will not be
considered as loss; 4) actual consumption of concrete used in other elements not considered
in research, for example, stairs, walls and retained concrete in pipes (return) were considered
losses as long as there was no theoretical deduction of the theoretical consumption of these
elements in actual consumption of concrete.
Initially, a study of the quantitative theory of concrete was performed - based on the
design of molds - the structural elements of beams, slab, pillar complement and pillar,
including also the stairs element, proceeding with the collection of field data and calculation
of indicators. Such scaling is essential to the methodology for calculating indicators of
productivity and loss, which can be found in other works, eg Araújo (2000), Souza (2000)
and Dantas (2006).
It is worth noting that the stairs element was contemplated only for possible discounts in
the amount of real concrete and in time of concreting, considering that, being this element
concreted along with the structural elements, its consumption of concrete can be considered
as loss and its time of concreting may negatively impact the productivity index.
3.1 Calculation of real concrete loss
The methodology for calculating this indicator was divided into two stages:
1) assessment of the theoretical consumption of concrete (CT): consists in the
dimensioning of structural elements based on the design of molds and subsequent calculation
of volumes. It is the quantification of the service in m3, already mentioned in the previous
topic;
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2) assessment of actual consumption of concrete (CR): consists in the sum of the volumes
of industrialized concrete mixing trucks in m3.
The percentage of losses is given by the formula below:

P(%) 

C R  CT
 100
CT

(1)

There are references that adopt loss percentage relating to real consumption, but not
adopting it in this work is due to the fact that construction companies perform the service of
concreting according to the project and not on the volume of concrete of the trucks.
The theoretical approach was based on the quantification of the service, using
spreadsheets, whose volume was automatically generated after the inputting the data, as
shown in Figures 1, 2 and 3.
3

SPREADSHEET 3 – QUANTITY OF PILLAR COMPLEMENT CONCRETING SERVICE (m )
Service: Reinforced concrete structure (Pillar) – Losses
Date of collection obtained at the plant.
TRANSVERSAL SECTION

Nr. of
concreted
Pillar / Nr. of
pavement

Width of
Base (m)

Length of
Base (m)

Height of
Pillar (m)*

Volume of Pillar
Concrete (m3)

CP4
CP7

0.27
0.27

1.20
1.20

0.70
0.70

0.23
0.23

Rectangular

Circular
Height of
Pillar (m)*

Volume of Pillar
Concrete (m3)

Volume of Circular
Pillar Concrete

0,46

Volume of Rectangular Pillar Concrete

QtSPCC

Diameter
(m)

0.00

QtSPCC = Quantity of Total Service Pillar Complement Concreting

2,82

Figure 1: Example of pillar complement QS spreadsheet

It is observed in Figure 1, an example of detailed calculation of the volume of pillar
complement, while in the example of Figure 2, it is found that the slab of the building was of
the raft type, and its quantification provided by the designer.
3

SPREADSHEET 5 – QUANTITY OF SERVICE OF SLAB CONCRETING (m )
Service: Reinforced concrete structure (Slab) – Losses
RAFT SLAB
Volume of Concrete (m3) =
22.25
Obs. For the raft slab, the volume o concrete must be supplied in the structural project.

SOLID SLAB
IDENTIFICATION OF STRUCTURAL
ELEMENT NR./PAVEMENT NR.

QtSSC

0

Section
Width (m)

Length (m)

Depth (m)

Encounter area
with Pillars (m2)*

Volume of
Concrete (m3)**

QtSSC = Quantity of Total Service of Slab Concreting

Figure 2: Example of spreadsheet for QS for slab
3

SPREADSHEET 4 – QUANTITY OF SERVICE OF BEAM CONCRETING (m )
Service: Reinforced Concrete Structure (Beam) – Losses
IDENTIFICATION OF
STRUCURAL ELEMENT
NR./PAVEMENT NR.
V1a
V1b
V2
V3a
V3b
V4
V5
QtSBC

3,17

Section
Width (m)

Length (m)*

Height (m)

0.14
4.71
0.70
0.14
3.62
0.70
0.20
6.63
0.70
0.14
5.95
0.70
0.14
1.50
0.70
0.14
3.62
0.60
0.14
4.71
0.60
QtSBC = Quantity of Total Service of Beam Concreting

Figure 3: Example of spreadsheet of QS of beam
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Concrete (m3)**
0.46
0.35
0.93
0.58
0.15
0.30
0.40
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From the data provided in the examples of Figures 1, 2 and 3, the accounting of the
theoretical consumption of concrete can be verified, being 35.3 m3. The total volume of
concrete required is accounted from the volume originated from the delivery trucks, whose
example was of 40 m3. It is worth noting that although the entire stairs has been concreted,
this must be deducted from the actual consumption of the concrete from beam elements, slab
and pillar complement in order to avoid it being considered as a loss.
3.2 Calculation of the labor productivity
The productivity of labor was measured by the methodology of calculation of the Unitary
Production Reason (UPR), which is the ratio between the number of Men-hour (Mh) and the
quantity of service (QS). This can still be given by the ratio between the quantitative of the
team and speed of concreting (Araújo, 2000).
UPR 

M  h Mh h
M
Team

 

QS
QS h QS / h  Concreting Speed

(2)

Depending on the time to be considered, Unitary Production Reason (UPR) can be
classified into UPRtruck, and UPRunload UPRglobal, as shown in Figure 4. According to the
diagram it is concluded that the total number of hours (h) used in Equation 2 to calculate the
UPRtruck is the median of times from beginning to unload of each truck. As for the
UPRunload, total hours (h) is the time between the completion of the last truck and the
beginning of the first one, considering the intervals between trucks.

Figure 4: Concreting times (Araújo, 2000)

For UPRglobal, total hours (h) is the time between the beginning and the end of personnel
availability.
The quantity of service (QS) also differentiates UPR´s, being the amount considered in
actual service and quantity of service UPRtruck and the quantity of theoretical service
considered in the UPRunload and UPRglobal. Figure 5 illustrates the spreadsheet used in
field data collection and Figure 6 illustrates the UPR methodology calculation.
SPREADSHEET 1 – CONCRETE-MIXING TRUCKS USED FOR PAVEMENT CONCRETING
Service: Reinforced concrete structure – Concreting Productivity

1
2
3
4
5

8
8
8
8
5

40
40
40
40
40

19
19
19
19
19

12
10.5
11.5
12
11.5

8:39
9:43
12:27
12:55
13:42

9:34
10:34
12:43
14:13
14:51

10:50
11:22
13:04
14:20
15:24

19h/9

Anormalities

11:13
11:44
13:35
14:58
15:36

10
8
10
10
10

Six trucks were insufficient to concrete all the
slab, lacking volume equivalent to 6 gourds.
1st truck concreted part of the stairs
Time of stairs = 10:50 – 11:05
Time of lunch: 50 min

Figure 5: Example of spreadsheet for field data collection
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Beam + slab
7h/10

Direct
team

Sweeping

Concreted Part:
Beginning of availability/available
team:
End of availability/available team:

End
unloading

Finishing of slab:

Beginning
unload
(Beginning of
conceting)

11.2

Arrival at
site

Height:

Exit from
industry

2.95

Slump

H floor to floor:

Gravel

sunny - rainy

3rd pavement

Fck

Weather:

Portion of work:

Volume

Concrete-mixer

Truck

Truck:
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Figure 6: Example of spreadsheet of UPR´s calculation

It is observed in Figures 5 and 6, the need for field monitoring of recorded information,
whereby it is possible to perform the calculation of the velocities of concreting and therefore,
of UPRtruck, UPRunload and UPRglobal.
4 PRESENTATION AND ANALYSIS OF RESULTS
All of the 3 sites monitored (A, B and C) are described in Table 1 in order to present the
main features of each of them, as well as the reality monitored.
Table 1: Characterization of sites monitored
Characteristics
Function
Nr. Towers
Nr. Floors
Reference usable area
Constructive process

Site A
Site B
Site C
residential
residential
residential
1
1
1
17
13
23
172.17 m2
154.1 m2
145 m2
Reinforced concrete structure (wooden molds) and partitions with ceramic bricks

The weekly concreting results obtained at the monitored buildings are presented in Tables
2 and 3, as well as the minimum (Min), maximum (Max), median (Med) and benchmarking
(Bench) values in Tables 4 and 5.
Table 2: Results of weekly beam, slab and pillar complement
Indicator
Loss (%)
UPRtruck (Mh/m3)
UPRunload (Mh/m3)
UPRglobal (Mh/m3)

6.97
0.60
1.54
3.09

Beam, Slab and Pillar Complement
Site A
Site B
14.99 14.00 15.15 7.27 7.27 4.66 4.66
0.54 0.65 0.62 0.66 0.52 0.29 0.21
1.12 1.28 0.91 0.82 1.27 0.77 1.01
3.13 3.01 2.43 2.44 2.34 1.65 1.91

3.46
0.52
1.15
1.82

Site C
11.92
0.74
1.77
2.37

Table 3: Results of weekly pillar
Pillar

Indicator
Loss (%)
UPRtruck (Mh/m3)
UPRunload (Mh/m3)
UPRglobal (Mh/m3)

7.80
0.54
0.58
4.04

Site A
42.16 17.03
3.61
1.91
3.95
1.83
12.44 5.73

7.21
0.84
0.85
3.02

25.21
0.58
0.61
3.48

10.91
1.03
1.56
4.70

Site B
4.30
0.88
1.05
4.06

4.30
0.95
0.83
3.67

Table 4: Results of beam, slab and pillar complement
Indicator

Beam, Slab and Pillar Complement
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3.81
1.18
1.85
3.67

Site C
15.93
1.21
1.03
2.79
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Loss (%)
UPRtruck (Mh/m3)
UPRunload (Mh/m3)
UPRglobal (Mh/m3)

Min
6.97
0.54
0.91
2.43

Site A
Med
Max
14.5
15.15
0.61
0.65
1.20
1.54
3.05
3.13

Min
4.66
0.21
0.77
1.65

Site B
Med
5.97
0.41
0.92
2.13

Max
7.27
0.66
1.27
2.44

Min
3.46
0.52
1.15
1.82

Site C
Med
Max
7.69 11.92
0.63
0.74
1.46
1.77
2.10
2.37

Min
3.81
1.18
1.03
2.79

Site C
Med
Max
9.87 15.93
1.20
1.21
1.44
1.85
3.23
3.67

Bench
3.46
0.52
1.15
1.82

Table 5: Results of pillar
Indicator
Loss (%)
UPRtruck (Mh/m3)
UPRunload (Mh/m3)
UPRglobal (Mh/m3)

Min
7.21
0.54
0.58
3.02

Site A
Med
12.42
1.38
1.34
4.89

Max
42.16
3.61
3.95
12.44

Min
4.30
0.58
0.61
3.48

Pillar
Site B
Med Max
7.61 25.21
0.92
1.03
0.94
1.56
3.87
4.70

Bench
3.81
1.18
1.03
2.79

Through the results shown in Tables 2, 3, 4 and 5, it is verified that productivity variations
of the monitored buildings possess values inside the reality of Brazilian civil construction for
the elements of the beam and slab, since TCPO (2008) recommends values between 0.6 and
4.23 Mh/m3 UPRglobal for these elements.
The TCPB - Table of Composition of Prices for Budgets - corresponds to the largest
credible database in the Brazilian Civil Construction Industry. Its functionality consists in
guiding and referencing the elaboration of budgets of construction and civil works. Therefore,
for values of pillar UPRglobal, TCPO (2008) recommends values between 0.70 and 5.13
Mh/m3, which indicates high UPR's of service of pillar concreting in site A. Taking into
consideration the variations in losses of builders monitored and that the TCPO (2008)
recommends percentage equivalent to 5%, it appears that work A is distant from this
reference due to the alternance of results and sites B and C approached it making
interventions at each concreting.
In Table 3, there is a percentage close to 50% characteristic of work A and is due to the
change in the transport system of concrete because the bombing truck was not delivered by
the industry on that day. The system went from not decomposed, using a stationary pump to
decomposed with the use of wheelbarrows, hoist and scaffolding, thereby increasing the
concreting phases and the possibilities of wastes.
Analyzing some of the influencing factors of the productivity indicator, it is shown that
labor of builders A and C was entirely from their own teams, but only in the first team, the
carpentry and framing teams offered support for the concreting service. As for building
company B, part of the personnel belonged to its own staff - and this part did not have
support from the carpentry and framing teams in the service - and the other part was
outsourced, being responsible for assembling moulds and finishing work in concrete slabs,
beams and pillar complements, as shown in Table 6.
Table 6: Influencing factors of the productivity indicator
Item
Median of direct concreting service team
Total volume of slab, beam and pillar complement
Total volume of pillars
Characterization of the direct team of concreting service
Team of carpentry service
Predicted period of concreting
Access from hose to stairs
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Builder A
11
35.55 m3
9.23 m3
proper
proper
morning
easy

Builder B
8
38.19m3
7.75 m3
Proper/outsourced
outsourced
afternoon
difficult

Builder C
11
61.31 m3
14.61 m3
proper
outsourced
morning
easy
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Therefore, it is concluded that the segregation of teams as to functionality, favored the
team´s productivity, offering greater flexibility to the process. Thus, it reduced the percentage
of losses, since concrete depends on the time of the implementation of service to ensure
workability. The predicted period of the beginning of concreting was also an influencing
factor, because in the morning time, the concrete industry was more requested from other
works, generating delays.
Another parameter found in the study, influencing the results, is due to difficulty of access
from the hose to the stairs, specifically for the project B, which also contributed to high levels
of waste and productivity loss. Despite the stairs element is not contemplated in this work, its
placement hindered access to certain pillars. In this case, the architecture design did not
consider the execution of the service and thus the losses were greater in this site.
On site B, analyzing the factors influencing the waste of material, inadequacy in the
placement and sealing of clamps was found, besides little control in the thickness of the slab.
However, after analysis of the research team and confirmation by the work managers,
company B sought improvements inserting metal masters to control the thickness of the slab
and a better monitoring of the mold service.
On site C, inadequate checking in equipments to be used was found, such as easels that did
not support the hose or too narrow for its passage, with some time being destined to fix these
problems with the mixing truck waiting to discharge the concrete.
Therefore, through these experienced situations, the performance of the indicators used to
characterize the service of concreting are relevant, showing the discrepancies of the same
service for different days, besides subsidizing the identification of influencing factors,
generating savings in time and cost of skilled labor and material.
5 COMPARATIVE ANALYSIS OF FINDINGS
The findings of this research should only be compared with other studies that have the
same methodological basis, as discussed in section 3. There are some reference studies,
performed mainly in Brazil, which allow the comparison of results, as presented following.
5.1 Concrete loss
In the case of concrete loss, Figure 7 shows the findings of the three sites included in this
study, compared to four previous studies.
Throughout the findings presented in Figure 7, it is found that the results are worse in the
site A from the data set, displaying the highest values for minimum, median and maximum.
However, the results of sites B and C are more satisfactory, with medians below those
cited by Paliari et al. (2002) and TCPO (2008). The maximum value found in the site C
(15.9%) is the lowest among the previous studies (19.39% to 33.0%), exceeding only the
maximum (10%) reported by Al-Moghany (2006).
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Figure 7: Comparison of concrete loss with previous studies

With respect to benchmarking, it is noticed that the values achieved by 03 sites from this
research are likely to improve, since there are over 04 studies of benchmarking reference.
5.2 Productivity of pillar
The productivity of labor allowed the comparison with 04 reference studies, according to
Figure 8.

Figure 8: Productivity of pillar comparison with previous studies

Through Figure 8, it is possible to identify that the site A had the highest value of the data
set and all results throughout this study are higher than those presented by previous studies. It
shows a possibility of improvement.
5.3 Productivity of beam, slab and pillar complement
The findings of beam, slab and pillars complement productivity allowed the comparison
with the results of four reference studies, as shown in Figure 9.
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Figure 9: Productivity of beam, slab and pillar complement comparison with previous studies

Unlike reality found in concrete pillars productivity, the results were most satisfactory,
being inserted into the reality of the data pointed to by the other studies. It was also found
that the sites A, B and C have smaller ranges of variation with less discrepant results.
6 CONCLUSIONS
This study aimed to present the importance of measuring the indicators of loss of
productivity and waste, involved in the concreting service as well as its calculation
methodology and implementation.
It was found that the losses presented medians of 5.97%, 14.50% and 7.69% for beams +
slabs, while for pillars they were 12.42%, 7.61% and 9.87%. These results are far superior
when compared to 5% of overconsumption considered by the TCPO (2008). Regarding labor
productivity, the results showed medians of 3.05, 2.13 and 2.10 Mh/m³ for beam and slab
concretings of 4.89, 3.87 and 3.23 Mh/m³ for pillar concretings. These results indicate that
the productivity of labor is still far from the reference values identified by the TCPO (2008)
which estimated a median of 2.00 Mh/m³ for pillars and 1.54 Mh/m³ for slab and beams.
This analysis allows the company to better plan the service based on facts already
experienced, verifying the best strategies of production and thus generate increases in
productivity. It is worth noting that the search for continuous improvement of processes - not
only for the service of concreting - not only ensures financial gains, but also their spot in the
market. It is also perceived that the industrialization of components is an important tool for a
good performance, but it is not sufficient, requiring also a strict control of the processes.
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Abstract. The building Brazilian industries have experienced a growth period at the same time when
plenty concerns become more and more present on the construction company’s routine, like
noncompliance with the buildings deadlines and the buildings costs bigger than the costs on the
budgets. This research was developed at the group Community of the Construction in Recife city in
Brazil, providing construction companies the monitoring your construction processes through the
Program Performance Indicators or PROGRIDE. This paper aims to show the conception, the
development and the implementation of the performance indicators on constructive technologies
cement-based program. The research methodology included the literature review, the establishment of
standard indicators, the structuring and implementation of the program and the analysis of the
results, seeking to identify and characterize best practices adopted (benchmarking). The PROGRIDE
were able to follow 03 collection cycles, which were sent in more than 150 results derived from 15
sites of 10 construction companies. The target of the search services are: the concrete structure, the
masonry elevation and the facade plaster coating. The results found an average losses of structure
concrete about 6,66% (pillar) and 4,75% (slab + beam) and an average consumption of
industrialized mortar around 24,24 kg/m². Also was established that the workmanship productivity for
concreting pillars was between 2,26 and 7,67 Ph/m³ and between 1,02 e 2,54 Ph/m³ for slab and
beams; for productivity of the elevation of masonry sealing were obtained results between 0,85 and
2,03 Ph/m²; while, for the implementation of the facade coating, the productivity ranged from 0,71
and 2,50 Ph/m².

KEYWORDS: Performance indicators; Loss. Productivity; Concrete structure; Masonry
sealing; Facade coating.
1 INTRODUCTION
The productivity is presented as one of the main factors used to measure performance and
production efficiency in the construction industry, and may also serve to measure the state of
economic growth and production related from industrial and business prospects ( Jang et al.,
2011; Kim et al., 2011).
In Brazil, the civil construction industry has been significantly representative in the
economy and can be observed through the growth of the Gross Domestic Product (GDP).
According to ConstruBusiness (2010), in 2009, the macrosector of construction had a
representativeness of 8.3% in the Brazilian GDP.
Indicators show the growth of the civil construction market in 2011: Construction Gross
Domestic Product (GDP) 3.6% compared to 2010, higher than the national GDP growth of
2.7% (IBGE, 2012); The Velocity of Sales Index - VSI reached an average of over 14.0% in
the great Recife, in 2010 (FIEPE, 2012); Housing credit growth of 42% (ABECIP, 2012),
with an investment equivalent to 79.9 billion dollars, a historical record.
However, despite all the competitiveness, economic importance, studies and researches
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performed over the last 20 years, a rationalization of the processes, particularly regarding
labor productivity, is still a difficulty to overcome by the construction industry (Jang et al.,
2011; Mawdesley & Al-Jibouri, 2010).
In this context, the PROGRIDE (Program of Performance Indicators) was developed in the
scope of the Construction Community of Recife city, under the leadership of the Brazilian
Association of Portland Cement (ABCP), aiming to establish indicators for waste,
consumption of materials and productivity of labor of building technologies based on cement,
performing benchmarking between results and generate reference values for the industry.
2 METHODOLOGY
For the achievement of the research, 5 stages were followed, which were:
 step 1: definition of standard indicators;
 step 2: development of specific spreadsheets for data collection of indicators;
 step 3: meetings with construction companies in the city of Recife/PE;
 step 4: pilot implementation, on-site, of the indicators adopted;
 step 5: survey of the results for the PROGRIDE participating companies.
The following describes each of these steps.
3 PROCEDURES FOR DATA COLLECTION
The standard indicators (Table 1) were defined through literature review, which
contemplated the evaluation of methodologies for data collection and benchmarks.
Table 1: Standard Indicators
Phase
Structure of reinforced concrete:
pillar
Structure of reinforced concrete:
beam + slab + pillar complement
Masonry sealing

Coating of plaster facade

Standard indicator
Loss of concrete (%)
Unitary Productivity Reason UPR truck (Ph/m³)
UPR unload (Ph/m³)
UPR global (ph/m³)
Loss of blocks/bricks (%)
Mortar loss (%)
Mortar Consumption (kg/m²)
Unitary Productivity Reason (Ph/m²)
Mortar loss (%)
Mortar Consumption (kg/m²)
Unitary Productivity Reason (Ph/m²)

It is noteworthy that one of the criteria for the choice of indicators was the ease of
application of the method, data collection and calculation (Table 2), since this would be used
by construction companies and not only in the academic sphere.
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Table 2: Method of calculating indicators – Reference basis
Reference
basis

Indicator

Equation
Calculation formula

Description
UMC = Unitary material consumption.
Agopyan
Unitary
Creal = Real consumption, quantity of material
UMC = Creal
et al.
material
effectively used.
QS
(1998) consumption
QS = Quantity of service used.
LI (%) = Loss indicator.
Agopyan
Loss
LI (%) = (Creal – Cref) x 100 Cref = Reference consumption, represented by
et al.
Indicator
Cref
the quantity of material theoretically necessary
(1998)
for the execution of a service.
UPR = Unitary Productivity Reason.
P = People demanded (direct team).
Souza Productivity
UPR = P x h
h = Hours used (direct team).
(2005)
indicator
QS
QS = Quantity of service realized.

According to Table 2, describes the indicators embodied by the technical literature, which
has been the basis for most of the research in this area of study, was also used in this study.
A total of 04 cycles data collection were performed for each indicator, being the daily
cycle adopted for the concreting of the structure. As for the elevation of brickwork and facade
upholstery, the weekly UPR and cumulative UPR were adopted, representing the relationship
between the people-hour and the amount of service of all collection cycles.
For each standard indicator, a spreadsheet (Figure 1) was developed to collect data.

Figure 1: Spreadsheet for collection of indicators of loss and unit consumption of mortar for masonry

For the development of the program, an awareness meeting with 15 building companies
was set, in which the interest of 100% of companies was verified to comply with
PROGRIDE. Besides this, three meetings were held to present the method of measurement of
indicators to the construction companies.
4 RESULTS
4.1 Pilot Deployment
The pilot deployment of standard indicators at the site was performed by the research
group POLITECH, aiming to attest the applicability and difficulties of the indicators initially
adopted and developed spreadsheets for data collection.
This experience served as a pilot implantation to be presented to other constructors to
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guide the actions to take effect in the other program participating companies. The following
are the results of the pilot implantation of the PROGRIDE according to each building
technologies addressed by the program.
4.1.1 Structure of reinforced concrete
The calculation of the productivity of the concrete structure has some particularities, as it
is evaluated under three types of UPR which are described starting from Table 3.
Subsequently, Table 4 shows the values of minimum (Min), median (Med), maximum (Max),
coefficient of variation (CV) and benchmarking for the results of loss and productivity of the
reinforced concrete structure.
Table 3: Types of UPR for productivity measurement in the concrete structure
Type of UPR

Equation

UPR truck

= med Pd x htruck
Vtruck

UPR unload

= med Pd x hunl
Vproj

UPR global

= med Pd x htotal
QS*

Description
Pd = People of the direct team (official + helpers)
h = Hours spent to unload the concrete of one truck (h)
Vtruck = Volume of concrete in the truck (m3)
Pd = People of the direct team (official + helpers)
h = Hours spent since the beginning of unload of the 1st
truck until the end of the last truck (h)
Vproj = Volume of project (m3)
Pd = People of the direct team (official + helpers)
h = Hours spent since the beginning until the end of the
availability of the involved team in the service (h)
QS = Quantity of service realized (m2 or m3)

* The amount of service considered for the concreting of the structure should be Vproj.

The UPR truck demonstrates the relationship between the team and the speed of
concreting, representing the potential of the service. The UPR unload shows the possible
problems with the operation of the service, since it encompasses, in addition to the times of
each truck, the delay intervals and/or exchange of trucks. The UPR global indicate a problem
from the moment that becomes significantly greater than UPR unload, demonstrating flaws in
the work schedule.
It should be noted that benchmarking is considered the best practice found in the context
evaluated, so the minimum value is the value to be searched for the indicators studied (Tables
4, 5, 6 and 7).
Table 4: Results of the pilot implantation: concrete structure
Indicator
Pillar
Loss of concrete (%)
UPR truck (Ph/m³)
UPR unload (Ph/m³)
UPR global (Ph/m³)
Beam + Slab + Pillar complement
Loss of concrete (%)
UPR truck (Ph/m³)
UPR unload (Ph/m³)
UPR global (Ph/m³)

Min

Med

Max

CV (%)

Benchmarking

7.21
0.54
0.58
3.02

12.42
1.38
1.34
4.89

42.16
3.61
3.95
12.44

88.25
80.43
84.83
67.20

7.21
0.54
0.58
3.02

6.97
0.54
0.91
2.43

14.50
0.61
1.20
3.05

15.15
0.65
1.54
3.13

30,56
7.71
21.92
11.22

6.97
0.54
0.91
2.43
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According to Table 4, it is possible to notice the significant variability of the indicators
evaluated. For the results regarding the concreting of columns, it is possible to verify that the
coefficient of variation (CV) of the results for the indicator loss of concrete is 88.25%, a high
value that indicates that the data set is found very heterogeneous, varying depending on the
factors involved in the loss. It is also noteworthy, that the maximum loss of concrete was
about six times higher than the minimum.
Accompanying the second data collection of pillar concreting, which represented the
maximum loss of concrete and of labor productivity, there were some factors that may have
influenced these results, such as: the use of non-rational equipment for transporting concrete,
for example, a wheelbarrow; deficiency in the design of the concreting, making transportation
of concrete quite complex; and the slab of the pavement leveled with the uncovered upper
surface of the pillar, hindering the release of concrete.
These factors contributed to a reduction in productivity, generating a loss of concrete in
this truck, due to the early fixing.
In contrast, beam, slab and pillar complement concreting showed a more homogeneous set
of results, where the coefficient of variation for losses was 30.56%, well below the value
presented by concrete pillars, indicating that the rates vary less. It is noteworthy that overslab thickness due to failure to control the leveling was one of the factors that led to a greater
waste of concrete.
Regarding the productivity of concreting, it is possible to verify that there is a considerable
gap between values of UPRunload and from UPRglobal, which refers to the fact that a critical
concreting service is the length of time between the beginning of availability of the staff and
the beginning of unloading the 1st truck or between the end of the last truck unloading and
the end of the availability of the staff. In most cases, the duration of these times was extended
because of the delay of the arrival of trucks and the arrival of the pump at the site.
4.1.2 Masonry sealing
Table 05 shows the minimum, median, maximum, the coefficient of variation, the
cumulative UPRs (Cum) and benchmarks related to masonry sealing.
Table 5: Results of the pilot deployment: masonry fence
Indicator
Loss of blocks/bricks (%)
Mortar Consumption (kg/m²)
Mortar loss (%)
UPR construction worker (Ph/m²)
UPR construction assistant (Ph/m²)

Min

Med

Max

Cum

10.50
30.52
362.49
0.73
0.36

14.73
34.94
429.29
0.82
0.48

17.25
38.74
486.99
0.92
0.58

0.82
0.47

CV (%) Benchmarking
20.79
10.23
12.63
10.49
24.03

10.50
30.52
362.49
0.73
0.36

From Table 05, it appears that the coefficient of variation (CV) of indicators varies
between 10.23% and 20.79%, indicating that the values of productivity losses maintained a
low variability of results, corresponding to a stability quite different from the results of pillar
concreting, for example.
It is still possible to report that the results for losses of ceramic bricks are considered high,
since the benchmark values and the median of loss of ceramic bricks represent from 2 to 3
times, approximately, the amount of loss of this component (5%) for budget ends (TCPO,
2008).
As a parameter of comparison of the results, the TCPO 13 (Table of Composition of Prices
and Budgets) was used, which is a Brazilian reference to aid the composition budgets for
construction.
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It stands out that a significant part of the losses is achieved due to rework, leading to the
breakdown of components, which causes an excess of waste on-site (Figures 2 and 3).
Besides, the non-use of submodules causes the waste of materials due to the cutting of
components in an irrationalized form, without the use of suitable equipment for this purpose.

Figure 2: Rework

Figure 3: Waste generated

As to the consumption and loss of mortar, some considerations stand out: to evaluate the
overconsumption of materials from the point of view of losses, it is necessary to adopt a
reliable reference, approaching the maximum of reality, otherwise it is more feasible to
perform an analysis of the results by comparing consumptions.
For this study, the unit kg/m² was adopted for consumption of mortar, as it is a simpler
unit for measuring on-site and is the unit that manufacturers adopt to express the unitary
consumption of mortar.
In face of the considerations given, it was found that the median intake of mortar is
approximately 35 kg/m², far from the value presented in reference research conducted in the
city of Recife/PE, where the median value achieved was of 19.12 kg/m² (Lordsleem Jr.,
2009).
From the observation on site (Figures 4 e 5), it was possible to identify some of the factors
causing mortar waste, such as: application of mortar across the top face of the brick, overthickness of vertical joints, manual preparation of mortar and deficiency in the control over
the implementation of the service.
In order to compare the values of consumption of mortar with TCPO (2008), the value of
the ratio kg/l for conversion and comparative analysis of the results was sought. The
calculated value for the ratio kg/l of mortar was 2.04; referring to a minimum consumption of
14.98 l/m²; median of 17.14 l/m² and maximum 19.0 l/m².
It is noteworthy that the minimum value is 8.6% greater than the median of consumption
presented by TCPO (2008), indicating once again the overconsumption of materials, since
this reference indicates the use of industrialized mortar as a minimizing waste factor.
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Figure 4: Application of mortar

Figure 5: Over-thickness of the vertical joint

The values found for loss of mortar are high, ranging from 362.49% to 486.99%, and it is
worth noting that the percentage increase is due to, mainly, the reference consumption
adopted (6.6 kg/m²), which is informed by the manufacturer. Therefore, it is preferable to
adopt consumption as a comparative criterion.
As for labor productivity, the minimum value found was 6.9% greater than the median
presented by TCPO (2008) and the median value is 21.2% greater than the maximum quoted
by the same reference.
Some of the factors that may have influenced these results are: unavailability of materials
for the execution of the service, manual preparation of mortar, turnover of labor and damage
of the vertical transportation equipment.
4.1.3 Coating of plaster facade
From Table 6, it is possible to check values (minimum, median, maximum, coefficient of
variation, and benchmarking) that assist in the interpretation of results for the coating of
plaster facade.
Table 6: Results of the pilot deployment: plaster facade
Indicator
Mortar Consumption (kg/m²)
Loss of mortar (%)
UPR construction worker (Ph/m²)
UPR assistant (Ph/m²)

Min Med Max
70.43 83.65 94.06
38.10 64.02 84.43
0.93 0.99 1.24
0.56 0.72 0.84

Cum
1.05
0.73

CV (%)
13.86
35.98
14.12
17.02

Benchmarking
70.43
38.10
0.93
0.56

Regarding the plaster coating facade, it is verified that the consumption achieved reflects
on the reality of the work since, from field measurements, it was possible to find some points
where the layer of plaster showed about 5 cm of thickness (Figure 6).
The reference consumption indicated by the manufacturer was of 17 kg/m²/cm and
reference thickness established in the budget of the work was 3 cm, leading to theoretical
consumption of 51 kg/m². Taking into account the coating thickness along the facade, it
confirms that the loss of mortar was mainly due to over-thickness of the plaster.
The losses in other factors were minimized by some actions, such as using mortar-mixing
machine with horizontal axis to mix the mortar and the rational use of equipment to transport
the mortar from the pavement where the mixing occurred until the scale (Figure 7).
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Figure 6: Thickness of the coating layer

Figure 7: Vertical transport of mortar equipment

The productivity of labor presented global values (worker + assistant) between the median
(1.26 Ph/m²) and maximum (4.16 Ph/m²) cited in TCPO (2008); however, the values of
minimum and maximum found were, respectively, 17.5% and 65.1% greater than the median.
Some of the factors potentially influencing productivity are worth pointing out: rational
use of equipment for vertical transportation of mortar, availability of materials, overthickness
of layer of plaster and turnover of labor, besides the presence of inexperienced workers.
4.2 Results from PROGRIDE
The PROGRIDE contemplated the monitoring of 3 collection cycles. In this period, 156
results were obtained referring to the samples collected in 15 sites of 10 building companies.
The responsibility for internal training, after the pilot implantation, fell to representatives
from other construction companies participating in the PROGRIDE program, whose
experience was obtained through the participation in transfer of the methodology meetings of
standard indicators and in visits to work sites in the implementation of the pilot.
Table 7 shows the results achieved by pointing the minimum, median, maximum and
historical benchmarking for each indicator.
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Table 7: Results of PROGRIDE
Indicator

Sites
Pillar Concreting
Loss of concrete (%)
12
Productivity - UPR truck (Ph/m³)
12
Productivity - UPR unload (Ph/m³)
12
Productivity - UPR global (Ph/m³)
12
Concreting of beam + slab + pillar complement
Loss of concrete (%)
16
Productivity - UPR truck (Ph/m³)
16
Productivity - UPR unload (Ph/m³)
16
Productivity - UPR global (Ph/m³)
16
Elevation of masonry
Loss of blocsk/bricks (%)
06
Loss of industrialized mortar (%)
06
Consumption of mortar (kg/m²)
06
Productivity - UPR worker (Ph/m²)
06
Coating of plaster facade
Loss of industrialized mortar (%)
Consumption of mortar (kg/m²)
Productivity - UPR worker (Ph/m²)
07

Min.

Med.

Results
Max. CV (%) Benchmarking

5.18
0.70
0.82
2.26

6,66
1.98
2.13
4.78

17.29
4.74
5.17
7.67

2.00
0.33
0.64
1.02

4.75
0.47
1.09
1.73

5.18
0.70
0.82
2.26

96.62
41.20
24.37
24.88

2.00
0.33
0.64
1.02

0.83
3.50 15.00 96.38
12.34 114.13 429.29 105.66
19.42 24.24 34.50 21.73
0.85
1.19
2.03
34.80

0.83
12.34
19.42
0.85

0.71

0.71

0.92

26.61
1.01
1.55
2.54

49.51
59.61
55.55
39.51

2.50

51.47%

From the results found, it was noted that the values of benchmarking for losses of concrete
in the production of beam + slab, are below the loss indicator adopted for the composition of
budgets by TCPO (2008) equivalent to 5% and close to the minimum (1%).
However, Table 6 shows that these values present a significant variability for concreting
of beams + slabs, being the maximum approximately 10 times greater than the minimum.
This demonstrates that, despite the great potential for improvement that this indicator
presents, the control during the execution of the service can be a determining factor for the
reduction of waste.
Regarding the productivity of concreting, it is also verified that there is a pronounced
variability between the results obtained, pointing to the need for process management. It is
worth reporting the considerable difference between the values obtained from benchmarking
of UPR truck and global. This indicates that possibly the production difficulties are in the
intervals between trucks, as well as in preparing and finalizing the service.
In the service of the elevation of masonry gasket, it was found that the value of
benchmarking for losses of block/brick is achieved by a site that uses a block (09x19x39cm)
which has a quality higher than that of the ceramic brick, which was used on the worksite
where the maximum value was obtained for losses.
As to the mortar, there is a difference in variability between the minimum and maximum
of losses and consumption, which is due to the different reference consumptions assigned by
manufacturers. These consumptions are of 6.6 kg/m² and 20 kg/m² for the maximum and
minimum losses, respectively. Therefore, it is preferable to adopt the unitary consumption as
comparative criterion.
Through this research, it was found that few companies in the city of Recife / PE use the
industrialized-type mortar for the coating of plaster facade, with the justification of the cost
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involved, mainly, when used in large thicknesses.
In regard to productivity data, it can be said that the value of 1.42 Ph/m² (UPR global)
achieved by the best practice is 12.7% greater than the median (1.26 Ph/m²), specified by
TCPO (2008), which indicates a large potential for an improvement of this indicator.
5 CONCLUSIONS
The representativeness of joining the program shows the necessity for construction
companies to know the performance level of their interest in building technologies and the
continuous improvement of their own processes.
Given the loss indicators obtained, it is possible to verify that, despite the losses in the
production of concrete beam + slab (2%) and blocks (0.8%) present values in benchmarking
lower than those prepared by the TCPO (2008), values collected for mortar losses (masonry
and plaster) are still far from the reference adopted.
When compared to the reference values given in the TCPO (2008), benchmarking values
for productivity of labor, achieved by concreting services are very close to the medians.
However, the values related to services of elevation of masonry sealing and external coating
display values that comply in the interval between the median and maximum, when compared
to reference values.
The results collected so far, present the reality of a group of construction companies in
Recife/PE. Through these, it was also possible to check for potential improvement of the
indicators evaluated and, as a result, the construction technologies that were the focus of this
work. Therefore, it is necessary to adopt control measures, improved production strategies
and management processes.
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Abstract. The customer experienced quality of the building construction has stumbled on its foot
prints for decades. The development and implementation of quality management systems have been
seen as a potential way to improve the construction quality. However such systems haven’t been able
to give any advantage to any building company in Finnish building industry and similar situation
appears to be present in many other countries as well. This paper presents a model that is trying to
provide a plausible explanation for why the quality progress seizes in a certain level. The model
presents the customer satisfaction as a function of product’s or service’s functionality and claims that
there is a certain connection between each quality function type that Noriaki Kano has presented in
his paper “Attractive quality and Must-be quality” (Kano et al. 1984). The paper shows that the
different quality categories can be arranged and used in a quantitative form. Accordingly the quality
categories can be combined with production cost the resultant model is capable to explain the
dynamics between production cost and quality. This is seen as an important basis for understanding,
why the quality progress still seizes in certain undesirable point.
KEYWORDS: Project management, Construction, Quality, Quality management, Customer
satisfaction
1

INTRODUCTION

Quality and customer satisfaction are essential viewpoints in delivering building projects.
However, the good quality and customer satisfaction don’t appear as granted - , there must be
procedures and responsible players who determine the objectives, degree of quality that the
delivery must meet and the needed management practice. Authorities and regulations for
protecting common interest and filling only those requirements aren’t usually enough for
reaching the targeted customer satisfaction. The genuine understanding of customer’s needs
and customer relationship management are needed to deliver sufficient quality (Saarenpää,
2010)
In spite of that in 90’s inquest about Finnish national quality strategy stated that quality
control culture in Finnish construction industry’s business is based dominantly merely on
regulatory requirements. Major R&D efforts are dedicated to improve productivity of design
and production instead of improving customer satisfaction or quality (Silen, 1997). It seems
that hardly anything has changed since then. Even though plenty of efforts have been carried
out to set up quality management systems with full time quality managers the implications
have not been desired ones. Recent research results are indicating that the use of quality
management, production management systems or their combination have not resulted in
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improved quality (Siikanen, 2009). It seems that the presently existing quality management
systems don’t provide required understanding of customer relationship management.
The use of total quality management (TQM) approach has been found problematic in
construction industry since it has presumption of repetitive production processes where the
main focus is in the production of large amounts of standardized products (Kärnä et al. 2007).
If any quality failure is spotted it’s probable profitable to correct because endlessly
continuing process makes sure that even considerably large cost will be paid back even with
only small improvement in produced unit’s profit.
However, the construction industry is based on project delivery not on process so there are
at least two constitutional differences: Project has time nature and uniqueness nature. Every
project is started and finished and it won’t be repeated exactly ever again. There might be
some similarities but either project executers, project time or project environment is
somehow different so it’s not sure that correcting any fault found is either profitable or even
possible.
This research focuses on a model that will provide understanding on how one can
prioritize fault correction actions and how to estimate the effects of corrective actions. These
two are seen as the tools to improve quality profitably.
2 METHODOLOGY
The paper elaborates findings of the one of the authors master’s thesis (Savolainen, 2007).
The master’s thesis basis on customer satisfaction survey and its results are compared to
Reichheld’s Net promoter score (Reichheld 2006) ideology and to Kano’s model of customer
satisfaction types (Kano et al. 1984). For the survey 2875 sheets were sent to the customers of
a residential developer and 1938 reply were received. The data was studied with Bayminer
(www.bayminer.com) data mining program and Survey Pro 3.0 statistical analysis program.
This paper elaborates the findings with more some literature study and the result is a
graphical model that gives a theoretical frame to profitable quality progress. The chart is a
graphical presentation of the key point introduced by Reichheld (2006) in the environment
introduced by Kano et al. (1984).
3 THEORETICAL BACKROUND
Over several decades the quality of end products and processes can be identified as
viewpoints behind production management research and development. It is (i) production
control and measuring that was perhaps the first approach where the quality of processes was
in focus. The resultant solutions are perhaps best represented by Taylor who developed a
methodology where production processes were broken down into their components, task
planning was separated from the actual production and a lot of attention was put on time
studies (Juran 1995). After this first movement it was later in 1950’s when rather quality
control oriented (ii) quality management (QM) solutions appeared with principles such as
“zero defects”, “getting things done” and self-responsibility of production teams. After this
(iii) quality standards such as ISO 9000 appeared in 1980’s. These rely on detailed
management and control of production and related processes which as a whole are seen as the
most powerful enablers for good quality. On the other hand quality related processes, such as
quality inspections and rework, can be considered as additional cost of quality that could be
removed in ideal conditions (Davis & Ledbetter 1987). Gradually value thinking has also
reached broader contextual meaning. Total quality management, also known as (iv) TQM,
means integration of value thinking into the content of general business management. This
change finally changed the role of quality management from operational one to a part of
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strategic management. Modern quality management can include wider variety of different
objectives from operative efficiency up to meeting customer’s stated and hidden needs (Howe
et al 1995). At the same time some general managerial principles e.g continuous
improvement from lean thinking reached also the field of quality management. Nowadays, it
seems that instead of using the term quality the term value is used to refer to the various
qualities of end products. Emmitt and Christoffersen (2005) have presented a set of various
characteristics of the term value. Value as an object has proved to be subjective and dynamic
that both are likewise examples of characteristics that make quality management challenging.
Understanding on (v) customer experience of qualities of end products is the recent quality
management paradigm.
In analyzing the term value in construction industry it has been divided into economic
value and sociological values that are understood as an intersubjective phenomenon meaning
that they are not objective, but the objectivity is socially established from the stream of our
perceptions. The purpose of the projects is to generate economic value, but the specification,
production and delivery of value are governed by sociological values. The concept of value
should cover the whole life cycle of the built facility. The long term outcomes, as well as the
immediate outputs of the project, should be covered. (Rooke et al 2010)
In Kano’s model the customer and relating perceptions are in focus (Figure 1). The model
separates the quality from the customer satisfaction setting the satisfaction to Y-axis and
product’s functionality to X-axis. Curves in figure 1 present the effect of different types of
the products properties to the customer satisfaction. (Kano et al. 1984, Berger et al. 1993)
Must-be category includes the product’s properties which first increases functionality
rabidly but after there are enough of them, they do not increase customer satisfaction even
though they may increase products functionality. Example of this could be car headlights: one
probably wants to have at least two of them, couple of more might be nice, but the one don’t
really care if there are eight or ten of them. That’s definitely enough anyway.
One-dimensional category includes properties which always when increased
commensurate in customer satisfaction. Product properties in the attractive category don’t
affect much to the customer satisfaction but when there are enough of them they will set the
customer satisfaction into exponential growth.
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Figure 1: Kano-diagram. The model shows three different types of products properties that have a different kind
of effects to the customer satisfaction. (Berger et al. 1993)

Fred Reichheld argues in his book The Ultimate Question that all old ways of surveying
customer satisfaction leads to unwanted results, they are difficult to interpret and they don’t
give any means to link the performance in customer satisfaction to the economical
performance. The research states that even though the human mind is complex, the customer
satisfaction can be divided into three basic categories: promoters, passive and detractors.
According to Reichheld the best way to measure customer satisfaction is to study the
relations between these categories and he suggests that it should be done with the formula:
Promoters Detractors
All respondents

100%

NPS is abbreviation of Net Promoter Score, a trademark registered by Reichheld. In his
wide studies Reichheld found two specific scores: 10 % and 50 %. Vast majority of the
companies that were using some old kind of customer satisfaction metering or wasn’t
metering it at all did get score 10 % and those companies that had score around 50 % or more
had experienced rapid organic growth. The interesting observation is that those two scores
weren’t dependent industry of the company. They seemed to be generic. (Reichheld, 2006)
4 FINDINGS
The main finding of the survey was that the performance of the sales people doesn’t have
much to do with the outstanding customer satisfaction. The real significant correlation was
found between excellent performance in whole personnel’s service capability and outstanding
customer satisfaction.
The finding was interpreted as presented in the figure 2: There are circumstances that must
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match, otherwise no transaction will happen and if the expectations are not fulfilled
sufficiently the customer will become detractor. Also the wow effect can be achieved by
exceeding customer’s expectations but only after fulfilled them first. (Savolainen 2007)

Figure 2: The explanation how each customer satisfaction class is formed. (Savolainen 2007)

It was seen that the numbered terms of the figure 2 have a correlation with the Kano’s
quality types. The conditions to become a customer was seen as must-be quality because after
the sufficient conditions has been formed the deal will be sealed and after that promising
more doesn’t affect that much anymore. Likewise the wow effects and exceeding the
customer’s expectations was seen as attractive quality.
Linking the fulfilling to one-dimensional and passive behavior was more complicated. In
the survey there was a question “matching between the product and mental image given in
the sales phase” but results weren’t that straight forward. The promoter segment included
significantly more “excellent” answers than the passive segment but the difference was
considerably smaller than in those question that were considered as most significant. The
same nature was observed in the questions measuring the functionality of the different
features of the residents. These observations were interpreted so that all this has an effect to
the total satisfactory but smaller difference means slower progress in satisfactory than the
wow effects, so the “one-dimensional quality” type fits for these better than “attractive
quality” type. However, this part of the model should be researched more for better
understanding of the one-dimensional or linear part of the synthesis model.
The conclusion and the most important finding of the master’s thesis (Savolainen 2007)
was that both Reichheld’s (2006) and Kano’s (Kano et al. 1984) are correct and forms a
synthesis. The new finding was that Kano’s quality type curves seems to pile up rather than
work as independent curves meaning the Kano’s quality types are actually different sections
of a single curve: First there is must-be section, after that the curve has a one-dimensional or
linear section and last there is an attractive section.
In the Kano model the Y-axis presents customer satisfactory and X-axis presents
functionality. The customer satisfaction can also be seen as customer’s willingness to pay or
the utility the customer sees in the commodity, and the functionality can be seen as amount of
the features included into the commodity. In this way it’s possible to set a production cost
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into the same co-ordinates. If it’s assumed that the producing resources are set blind in
customer satisfaction’s point of view, it’s fair to assume that relation between the production
cost and the amount of features is linear.

Figure 3: Quality Progress Model

In the figure 3 the curves are fitted so that first crossing point is in the end part of the
linear section or the beginning part of the attractive section. This point simulates the point 10
% in NPS-scoring, the point where most companies are driven. The latter crossing point is in
the middle of the attractive section simulating the 50 % in the NPS-scoring. Crossing points
set this way the result model presents the combined Kano-curve with production cost curve
fitted according to the observations of Reichheld (2006).
The presentation links customer satisfaction to the economic value due the marginal utility
and the aspect of sociological values are regarded due the shape of the curves as the Kano
model offers the basis for the customer behavior.
In the model there can be observed three district fields of quality: First field is the
economy class quality. In this field the surplus of the customer received value increases first
rapidly when the features are increased but slows down so eventually the production cost
catches up. In this field the business is based on idea that most of the commodity’s
functionality can be determined before the agreement is sealed. The customer is aware about
what kind of compromise has been done when the commodity has been selected thus it does
not expect that kind of functionality that would cost more than the value it creates.
The second field is the unwanted class quality where the production cost is always higher
than the customer received value. This field is unwanted for both customer and producer
because if the agreement is sealed either the price has been too low for profitable long term
business or the customer expects higher value than the commodity produces. Even the both
cases may appear simultaneously.
The third field is the luxury class quality where the customer received value increases
faster than production cost when features are increased. Every single feature either fills or
exceeds the customer’s expectations. Some of the features may cost more than the value it
creates, but as the commodity is observed as an entity it creates more value than it costs. In
this field the restriction is the customer’s ability to pay not willingness.
The model is named as Quality Progress Model because in this model the quality is not
seen to be synonym to either customer satisfaction or the functionality, it’s seen as the surplus
that customer receives in the economy and luxury classes or the deficit that causes conflicts
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and reclamations in the unwanted class. Thus the value is seen as the price the customer is
willing to pay of the commodity and the quality is seen as the difference between the value
and the production cost. It’s seen that quality has certain progress, desired or undesired, when
the amount of features are varied.
5 CONCLUSION
The set two objectives of the presented research are (i)to prioritize the corrective actions
addressing quality faults and (ii) to estimate effects of corrective actions. The problem seems
to be in the residential development business that the sale contract of the resident actually
includes mainly such terms that are the conditions to became a customer i.e. must be –
qualities. As the developer does all the paper work for the contract, it has no incentive to put
such terms or features into the contract where the production cost is higher than the expected
value. However the customer may expect such terms or features included.
The same behavior can be observed in construction contracts. The content of contract is
negotiated so that the value received is above the production cost. As the competition is tight
the content of construction is probably near the crossing point between the economy class and
unwanted class. If the content is increased after the sealing of the contract, it us
understandable that the value received seems to be low compared to the cost.
Nevertheless the additional works are needed in construction industry because it seems to
be necessary to accurate and even modify implementation designs during the building work.
This research emphasizes the role of interactivity between the customer and the contractor. It
is quite normal situation that only contract document that concerns interactions between
customer and contractor is the payment schedule. It has probably be seen that it gives enough
leverage to a customer if the contractor gets paid according to the readiness of the project.
However this does not give the leverage to demand the expected quality of service.
According to the findings and these conclusions the quality could be increased if the focus
would be set on capability of affecting the expectations outside the contract. The contractors
could develop e.g. communication to prevent the unrealistic expectations and customers
could develop ways to value their ability to affect the contractor candidates’ service quality in
the tendering process.
The survey study (Savolainen 2007) was made for the products of residential development
operations so this research explains the dynamics of the quality experience in construction
industry. However the theoretical basis is quite generic so the Quality Progress Model could
have useful applications also in other branches of engineering or business.
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Abstract. Supply Chain Management (SCM) is an important part of the production process in
systems building. The loosely-coupled construction supply chains created by the involvement of many
interdependent sub-contractors and suppliers destabilize the production process. Purchasing
strategies, used by many construction companies, for controlling the supply chain may not be
applicable to small and medium-sized (SME) systems building companies, because the relationship
between the buyer and the suppliers is characterized by long-term supply chain relationships rather
than short-term project incentives. In order to ensure the reliability of deliveries and product quality,
supply strategy in the form of SCM is suggested. The position taken is that systems building SMEs
could integrate their supply chain with their customers and suppliers, in order to reduce variation in
deliveries. A re-analysis of multiple case study and previously published qualitative data has been
performed with SCM characteristics as the unit of analysis. Implications are that systems building
SMEs need to have a long-term integration perspective when using SCM. Furthermore, SMEs have
limited capacity and capabilities so differences in the maturity of their ‘systems building thinking’
might hinder effective SCM. However, the results do not conclusively prove or disprove the idea that
SCM will reduce variation in deliveries for systems building SMEs.

KEYWORDS: Supply Chain Management, Systems Building, Small Business
1 INTRODUCTION
The project-based supply strategies used by house-building companies may not be
applicable to small and medium sized companies (SME) within systems building, since most
do not have dedicated resources for purchasing (Quayle, 2002). There are several purchasing
strategies used in construction, ranging from fixed price, design and build, to build-ownoperate-and-transfer (Blayse & Manley, 2004). The fixed price contract method has drawn
criticism in the literature (Walker et al., 2003) since it pushes the cost risk onto contractors
and has the highest level of non-collaboration and the lowest level of integration across the
supply chain (Kumaraswamy & Dulaimi, 2001). Current methods of purchasing, a major part
of the supply chain management (SCM) in systems building, may even be counterproductive
since the conditions in systems building differ from project-based house-building.
Systems building mean that a company follows repetitive processes to control the planning
and execution of the supply chain (Weizhuo et al., 2011). This idea encompasses everything
from sales, design, off-site production, and supply of material, to erection on-site. The
processes are designed for the repetitive manufacture of products; hence, it is vital for
systems building SMEs to reduce process variation (Lennartsson & Björnfot, 2012). In
addition to a process focus in systems building, there is a repetitive product: it can be a
general component such as a window, door or precut timber beam, a specific building system
or even a complete building (Jensen, 2012). For systems building, this implies a shift from a
project focus to a product focus (Björnfot & Stehn, 2007). Coordination, through SCM, forms
an alternative supply strategy for systems building SMEs. SCM has also been presented as a
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strategy for improving the purchasing process in construction (Saad et al., 2002).
Unfortunately, systems building SMEs focus on their own production process, rather than
on the use of a whole supply chain. Currently, the purchasing process tends to result in oneoff purchases for individual projects and is coupled with an apparent inability to select and
buy products efficiently (Erikshammar, 2011). Generally, one way of handling complex work
tasks is by dividing the work into discrete packages, components for which are purchased
sequentially, with the task being completed by specialists.
The division of the system into small elements and their individual optimization is a good
idea if the individual elements are independent of each other, the work task has well defined
interfaces and the processes are not stochastic (Holweg, 2005). Unfortunately, supply chain
processes are stochastic and interdependent in house-building. Sub-division does not
therefore improve the systems building supply chain because the elements are dependent and
repetitive over time, since the flow of materials and the flow of information needs to be
stable. In addition, current systems building in Sweden still has a large variation in process
tolerances (Lennartsson, 2012), which makes the sub-division even more counterproductive.
Furthermore, as mentioned, SME managers do not have an extended management team
with the different skills required and multiple responsibilities are often handed to one person
without backup (Ylinenpää, 1997). Thus, the purpose of this paper is to identify
characteristics of SCM and to examine what the implications are for systems building SMEs.
2 SCM – A REVIEW
SCM is a strategic approach to operations, materials and logistics management (Tan,
2001) and management of upstream and downstream relationships with customers and
suppliers, in order to deliver value at less cost to the supply chain as a whole (Croom et al.,
2000). This means coordination of processes, information and logistics activities across the
supply chain.
SCM consists of supply and demand management. This division of logistics is to balance
the distribution of products with the demand so it is sufficient enough to make the production
and distribution profitable (Shaw, 1916). The term SCM appears in the literature, initially, as
an inventory management approach, and Houlihan (1985) means that many of the functions
within the supply chain must be involved in the effort of satisfying customer needs. The more
independent operations within the chain the more rules and procedures will be added that
strive for sub-optimization. The reasoning of forming a supply chain through SCM is to
reduce total inventory (Jones, 1985), increase customer service (Heskett et al., 1964) or build
competitive advantage for the whole supply chain (Stevens, 1989).
SCM sits between fully vertically integrated systems, where one company owns each flow
and systems, where supply chain members operate completely independently of each other.
The conceptual framework of SCM has a system perspective that incorporates the whole
supply chain (Figure 1). The supply chain network structure has been described with several
tiers of supplier and customers with the focal company in the middle. Even though the term
‘supply network’ would more adequately describe the relationships between suppliers and
customers, since the suppliers are not in a chain. Still the term ‘supply chain’ is widely
accepted both in practice and in the literature. This integrated perspective is a view of SCM
(Stevens, 1989) and supports it as a means for improving information and material flow
(Bowersox et al., 1999). The separation from share logistics is done during the 1980’s when
the majority seemed to accept that SCM includes customer and supplier relationships rather
than just focusing on the company´s information and material handling (Cooper, 1997).
SCM has also a process perspective, originating from process management and business
process re-engineering (Hammer, 2003). The focus of SCM is on the flow of material and
information in order to deliver value to the customer; therefore, the most efficient driving
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force for improvement should be to satisfy customer needs (Persson, 1995).
The relationship between customers and suppliers is an important element of the SCM
framework, since, regardless of the level of integration, there needs to be some level of
coordination between the actors within the supply chain (Macbeth, 1994). However, there
must also be an agreement about the contractual form, process ownership and level of
automation in information exchange (Ireland & Crum, 2005) in a defined relationship.

Figure 1: Supply chain with the focal company, structure adopted from Lambert (2000) with permission from
Elsevier publ., New York.

Information exchange is discussed within this field of research although it has developed
along with ICT. The use of industrial dynamics (Forrester, 1961) became possible because of
the increase in computing processing power and simulation development. ICT has also
enabled information exchange for ordering and planning (Ireland, 2000). Hence, SCM is
dependent on mutual information sharing and processing.
Collaboration means that, since the process outcome within a company is dependent on
the outcome of the information and material processing activities with their customers and
suppliers (Hoekstra et al., 1992), the focal company should share information with these
partners. This type of coordination leads to a potential reduction of redundant inventory,
activities and information processing. Reducing lead times in decision-making is the driving
force for the development of coordination. Similar corporate cultures are crucial if companies
wish to coordinate their activities and share the risks and rewards (Cohen & Roussel, 2005).
The application of SCM in construction, or construction-SCM (cSCM), focuses on the
creation of relationships, such as partnering, within the supply chain (Bygballe et al., 2010),
rather than the flow of information and material. This could be seen as the difference with
flexible loosely-coupled supply chains used for construction projects (Briscoe, 2005) i.e. a
new production site every time, compared to the more formalized supply chains used when
the material flows to one site (Segerstedt & Olofsson, 2010). Some criticisms of the
application of SCM have been raised since construction projects do not benefit from
coordination as the relationships are new for each project (Bankvall, 2010).
As discussed, there is a need to describe the characteristics of SCM and analyze its
implications for systems building SMEs, since off-site production needs the supply chain to
be less fragmented and have a more long-term perspective. The model for analysis (Figure 2)
is synthesized from the literature review and is used to re-analyze a multiple case study.
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Figure 2: SCM characteristics forming the model of analysis

3 METHOD
The research strategy is based on the purpose of this paper: to identify the characteristics
of systems building SCMs and to examine implications for SMEs. It was a strategic choice to
select an exploratory and qualitative research design by re-analyzing previous research (Table
1) , a multiple case study (Figure 3) with the SCM as the unit of analysis (Yin, 2002).
Data have been previously published in a licentiate thesis (Erikshammar, 2011), with the
appended papers: one peer-reviewed conference paper (Erikshammar al., 2010), and one
published peer-reviewed journal paper (Simonsson et al., 2012).

Table 1 : Data collection methods, sources and notes used for re-analysis
Data Collection Method
Interviews
Archival Documentation
Participant Observation

Source
Transcribed semi-structured
interviews, verified by respondents
Purchasing agreements, call-off
documents, drawings and invoices.
Workshops and project meetings

Note
Data have been summarized in
papers
Data have been summarized in
papers
The research diary

The analysis was performed by clustering keywords into themes based on the literature
review. The data were not processed analytically but the coding was used to move and rearrange the findings as described by the model of analysis. The multiple sources of evidence
strengthened the validity of the study, but the number of case studies made it impossible to
make any statistical generalization. However, multiple case studies of SMEs in the
construction context were used to achieve an analytical generalization.

Figure 3: Case A and case B supply chains
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The case A (Table 2) examines a Swedish systems building SME (SB) with eight strategic
suppliers (S1-S8). The project idea was to offer contractors a pre-built house which these
contractors could then finish the interior of themselves, for their own client (Figure 3). The
main parts of the deliveries consisted of wall elements with windows assembled, floor
elements and drawings.
Table 2 : Company information case A (Erikshammar, 2011)
Company
Net Sales
(MSEK)
Employees

SB
46

S1
11

S2
30

S3
32

S4
34

S5
77

S6
181

S7
275

30

10

24

25

18

29

101

200

The case B study involved a project where the common company was a Swedish timber
component supplier (Figure 3). The component supplier is a sawmill that made a strategic
decision in 2009 to increase the production of value-added components for the systems
building sector (Erikshammar, 2011) and had developed relationships with two systems
building companies over a long period (Table 3). Both of the systems building companies had
invited the timber component supplier to participate in the tendering process for simple
timber products. Over time, the supplier has explicitly stated that they wanted to develop
products.
Table 3 : Company information case B (Erikshammar, 2011)
Company
Timber component supplier
System builder
System builder (public)
Wall element supplier

Net Sales (MSEK)
201
419
9 136
36

No of employees
50
147
2 043
22

4 RESEARCH FINDINGS
The presentation of the research findings is organized according to the model for analysis
and the findings are summarized in Table 4.
4.1 Case A - a failing project?
The choice of suppliers was based on geographical location and established relationships
with the suppliers, rather than on financial considerations or size. The perspective seemed to
be the project not a finished product and there was no formal project or process organization.
The initial idea was that the component suppliers would trade on their competences to obtain
a long-term contract. However, since no detailed discussion about the contract had taken
place, the suppliers assumed a project-based purchasing process. The project did not
formalize what software to use for drawings or documents, how that information should be
shared or processed, nor how orders were to be handled.
The project started in January 2009 and was completed by the end of 2009. There was no
defined product at the beginning of the SCM project, since the project was in its early phase,
neither was the building system used. Actually, very few of the participants were used to
working with finished standardized products.
4.2 Case B – the implemented SCM project
The basis for the SCM project was a framework agreement in which the systems house-
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builders committed themselves to buy timber-based products from the component supplier.
The systems building companies were aware that the component supplier delivered to both of
them and that this was beneficial for knowledge transfer and economies of scale.
There was no structured model developed for the SCM project, just a task list consisting of
system interfaces, prototyping, unsolved issues, logistics and ICT integration. The supply
chains were process-mapped. This gave a basis for finding improvements to the supply chain
process. Also, extensive modification of the ICT system was carried out to allow for
CAD/CAM and electronic exchange of order data, both on the customer and supplier side.
The project ran from June 2010 to September 2011 and then evolved into daily operations.
The larger systems builder had defined the materials that were supposed to be used for
both multi-storey housing and individual family dwellings and also decided on the sizes of
the modular components to use for apartments. This product standardization led them to
focus on the process, even though the project viewpoint has been predominant.
The SME system builder had not started by defining the product standard, but had started
from a process perspective and tried to standardize the design and manufacturing processes,
which led to the standardization of the products.
Table 4 : Summary of research findings
SCM Characteristics
General

Long-term perspective

Integration perspective

Organization

Case A
Start-up phase
Selection based on relationships
Based on purchasing
No formal rules or procedures
No project contract
‘One-off’ SCM project
No definition of information
sharing or processing
No process owner explicit stated
No resources for development
Project based on speculation

Case B
Implementing phase
Selection based on business
Framework agreement
No formal rules or procedures
No project contract
Long-range agreements
Automation of order processing
The customers are process owners
CAD/CAM integration
Real order driven development
Continuous improvements

5 IMPLICATIONS FOR SYSTEMS BUILDING SME
The analysis shows that Case B has tendency towards SCM. Case A shows a greater
tendency for project-based purchasing (Figure 4) and fewer SCM characteristics. The project
in this case seemed to be a one-off and few resources were spent on defining the product,
processes or methods. The focus on building a product based on speculation rather than a real
project, which is behavior expected from a product-oriented company, was surprising.
Case B, as with Case A, did not have a project contract i.e. what the company felt they
would gain from this particular project was not defined. It is reasonable to assume, in Case B,
that the project was order driven i.e. real orders. Case A had a more defined product, a
specific model, but that is because both of the systems building SMEs in Case B work with
building systems which are adapted for each project, rather than viewed as defined products.
Both cases used no established SCM method, which implies that a low level of knowledge.
A SME cannot afford to have personnel at meetings that do not lead to more business,
something that became clear in Case A. However, there was a difference in the resources
between the companies in the two case studies. All of the companies involved in the Case B
study were at the upper end of the scale for SMEs, except for the public systems building
company. SMEs have a reactive decision-making style and informal planning, often created
by emergent rather than deliberate strategies, according to Ylinenpää (1997). Since SMEs do
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not have a complete picture of the market, their decision-making often depends on their
perception of that market; this makes their supply chain important (Marchesnay, 1998).
Case A did not have a clear definition of the product or the intended market. The project
was in an early phase, which could provide an explanation. However, since the group did not
agree on one product, it was impossible to continue the development process. By comparison,
for Case B, the product was clearly defined even though it was a new product.

Figure 4: Schematic representation of SCM characteristics in Case A and case B

Case A showed more tendencies towards project based purchasing process. The
relationship to the supplier is different when the requirement from the systems builder is one
of variations in deliveries in order to maintain a continuous flow of material through the
production facility. This could explain the greater focus on off-site in Case B. However
neither of the cases showed tendencies on deeper integration between suppliers and
customers that imply a production focus rather than SCM focus (Figure 5).

Figure 5: Level of integration from the systems builders and contractors perspective
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6 CONCLUSIONS AND DISCUSSION
It is argued that SCM is an applicable supply strategy for systems building SMEs. Both
theoretical and practical results back up this position. The analysis indicates that the model is
successful as a means of interpreting the characteristics of SCM. These characteristics are:
general, long-term perspective, integration perspective and organization.
There are implications for systems building SMEs. If an SCM endeavor is to be
successful, it is important that every actor involved obtains some form of gain from it. The
systems builder will gain from a more efficient supply process which could lead to reliable
deliveries with higher quality and less time spent negotiating the costs for extra work. The
suppliers will gain a long-term agreement, but this is not to say that this situation makes
things easier for the supplier. On the contrary, the suppliers are likely to be more dependent
on fewer buyers and the transparency in the relationship makes it easier for the buyer to cost
and performance.
The supply strategy needs to align the way the focal company wants to work with their
customers and suppliers. The use of a project-based purchasing strategy, where supplier
selection is heavily dependent on price and flexibility, will probably be counter-productive.
Actors have different and divergent views on products and processes since the
construction industry does not have a broad consensus on the need for products. Therefore, a
consensus on systems building needs to be supported by all of the actors involved before
SCM can be used.
The case studies were, however, different from each other in some aspects even though
both used SCM as the unit of analysis. The focal company differed in size, a factor which
probably affected the client/buyer behavior. The two perspectives strengthened the analysis
and the argument, since the implications were identified in both studies; however, because
they were linked to different factors, it is difficult to state significance and dependence.
Any analysis that focuses exclusively on characteristics will only tell part of the story, and
a simplistic model, as used here, could decrease the reliability of the analysis. By analytical
triangulation of the two case studies and the theoretical framework, its validity has been
strengthening.
External validity could have been strengthened by analytically triangulating archival
documents relating to construction contractual law rather than using a case study. The
analysis could have been conducted from the viewpoint of trust or power. Further work is
required to obtain a deeper understanding of SCM characteristics and their interrelationship.
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Abstract. This study is a description of an effort to investigate contractors’ and subcontractors’
views of how incentives relates to partnering. In order to understand the contractual relationship
between the contractor and subcontractor in partnering projects data were collected by using archive
materials, on-site observation and through interviews. The result from the document analysis and
observations were used in order to conduct interviews with subcontractors and targeted partnering
experts. Previous studies have found that one cause for inefficiencies in partnering projects are
caused by lack of incentives between main contractor and subcontractor. Other studies found that
economic incentives are overestimated, and that lack of trust is the dominant reason for failure. By
analysing the collected data it is shown that those latter studies are based on a fallible conclusion
regarding economic incentives due to a mismatched theoretical levels; firm level and interpersonal
level. By analysing the data it is shown that economic incentives do play an instrumental part in
partnering projects, and if lack of trust is a cause for partnering failure it is so on an interpersonal
level.
KEYWORDS: Partnering, incentives, trust, relational contracting, project management

1 INTRODUCTION
It has been suggested that contracting methods traditionally used in construction has led to
untapped skills, lack of flexibility, inefficient utilization of construction time, profitability in
comparison to construction projects which employ a partnering philosophy between the client
and the main contractor (Kadefors, 2002). However, several researchers has questioned the
impact a partnering philosophy have on subcontractors (e.g. Dainty et al., 2001, Packham et
al., 2003, Eriksson et al., 2007, Eriksson, 2010). It has been found that smaller subcontractors,
despite the tools provided by the partnering agreement, lacked influence on their working
situation and the project suffers through unused flexibility (Packham et al., 2003). Dainty et
al. (2001) found that main contractors rely on fixed-price contracts, which increased the
tension between the main contractor and subcontractors. Furthermore, a lack of economic
incentives corresponded with higher failure rate in the partnering arrangements. This
conclusion is reaffirmed in a study by Eriksson et al. (2007) where economic incentives such
as joint profit sharing, risk allocation and contract award mechanisms were considered to be
success factors for increased subcontractor involvement and integration. In contrast it has
been suggested by Kadefors (2004) that the effects of the economic incentives are overstated
by the subcontractor and that they can in fact have malevolent effects to the partnering
arrangements. One example of malevolent effects may be a work-to-rule behaviour where
employees do what is minimally required in the contract only (Morgan, 1997). However, a
firm exist on a market as long as the firm can make more money than it would if it did not
exist (Coase, 1937). It has also long been established that a firm will only invest into an
action if this investment increase revenue more than a decision not to invest would (Coase,
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1960). If the theory of the firm is accepted, then it would be difficult to accept Kadefors
(2004) proposition that the existence of economic incentives can be, eo ipso, malevolent.
Nevertheless, this dichotomy warrants some additional investigation. The study presented in
this paper will show that economic incentives are instrumental part of partnering contracts on
a firm to firm level, and we will posit that trust on a firm level is a conceptualisation of
expectations of future economic gain rather than a case of interpersonal trust.
2 ECONOMIC INCENTIVES V. TRUST
In order to investigate which components are (or should be) included in a partnering
arrangement Nyström (2005) suggest a Wittgenstein Family Resemblance model. With this
methodology he show how, among other things, economic incentives are just one part, and
arguably a small part, surrounding a core component of trust and mutual understanding. In the
same line Yeung et al. (2007) argues for that alliancing is focused on a core of soft factors
(trust) and hard factors (incentive clauses) are peripheral. This notion has been elaborated into
a view of relational contracting in construction in general, with trust in the centre of the
concept (Yeung et al., 2012).
Trust has indeed been recognised as an important factor for many categories of
relationships. Thus, trust has been established to be an important factor in the employeremployee relationship (Robinson, 1996). Furthermore, it has been shown that trust has a
major influence on civic national identity (Berg and Hjerm, 2010). It is possible to also
deconstruct the trust concept into related characteristics as has been shown in a study on
romantic relationship (Collins and Read, 1990), where different components have been
gathered in order to study what can be described as attachment (i.e. components of trust).
Moving to trust in partnering, there are many studies, as pointed out above, highlighting
economic incentives and risk sharing as an important factor for partnering arrangements
(Dainty et al., 2001, Haksever et al., 2001, Packham et al., 2003, Bayliss et al., 2004,
Eriksson et al., 2007). Studying the “partnering flower” (Nyström, 2005, p 478) one can
recognize the similar approach in the approach by Collins and Read (1990), rather than the
approach taken by the Construction Management researchers. There is one fundamental
difference between the two approaches; Nyström (2005) and Yeung et al. (2007) relies on
frequency in order to establish core and pedals in their flower analogy while Collins and Read
(1990) show, using factor analysis, how each component is related to each other and revealing
the impact each component has on the overarching trust factor. We suggest that the frequency
approach used in order to define a Wittgenstein family resemblance is based on a
misconception of Wittgenstein’s theory, which lead to flawed conclusions. Wittgenstein
defines the family resemblance as a concept where many characteristics are shared but no
single characteristic is shared by all members. Wittgenstein explain this by stating:
“[I]f someone wished to say: ‘There is something common to all these constructions –
namely the disjunction of all their common properties’ – I should reply: Now you are only
playing with words. One might as well say: ‘Something runs through the whole thread –
namely the continuous overlapping of those fibres’.” (Wittgenstein, 1968, , para 67)
Wittgenstein goes on to admit that one can create boundaries or rules for a concept,
however, creating such boundaries does not define the concept it only regulates its use in a
particular conversation. The ramification of this idea can be explained by an analogy. When
conducting a research study on success factors. During interviews we ask respondents to
speak freely about success factors in partnering and we draw 1 cm x 1 cm squares on an
overhead film, each square in a new position. We use different colours each time a buzz word
is mentioned in interviews. Thus, logically, there can be no core. Furthermore, to apply a level
of importance when study characteristics is, in itself a fallacy, since the family resemblance
concept is intended to collect characteristics used in different uses of the language, not to rank
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them. This limitation is necessary because it allows for the characteristics to be incomparable
on every other level (cf. Collins and Read, 1990, where the authors go to great length in order
to compare the characteristics). To illustrate why this may cause problematic results one can
take the concept of relational contracting suggested as a way forward in partnering contracts
suggested by (Kadefors, 2004, Yeung et al., 2012). The “trust” or the social aspects put into
relational contracts are actually more of a family resemblance concept than the suggestions by
Nyström and Yeung et al. is. One of the grand fathers of relational contracts actually
explicitly states on relational contracting:
“I believe that the theoretical framework of transactional-relational patterns described
here, coupled with recognition of the basic normative principles of contract, could be a
basis for a reunification of the law of contract” (Macneil, 1973, p 814).
The intention is to unite different levels of analysis rather than trying to rank characteristics
on those different levels. Rather, trust has to be treated on two different levels (cf. Jeffries and
Reed, 2000). That is trust on a firm to firm level has to be treated differently than trust on an
interpersonal level. Along the same lines economic incentives has to be treated differently on
a firm to firm level than on an interpersonal level, thus economic incentives cannot be
compared with trust on an interpersonal level. In this study we will show that contractor views
rise on a firm to firm level, while trust will rise on a interpersonal level when being related to
partnering contracts
3 METHOD
The methodology used during this study followed a qualitative inductive approach. A firm
commonly taking the role of main contractor was first selected due to their active
participation and expressed strategic goals in partnering. In order to investigate how the firm
typically approach questions of incentives in partnering project, the firm was asked to select
one completed project which they felt to be representative as a typical partnering project. This
project was then studied with a document analysis. Those documents included contracts,
financial schemes ex ante, actual financial results post hoc, the latter documents were
provided under condition of confidentiality. In order to get a richer picture of the firm’s
collaboration during partnering projects the document analysis was supplemented with
observations during an on-going project. The observations were comprised of five nonparticipating observations during formal meetings between the main contractor and the
subcontractors. From those two stages a preliminary interview protocol were set up. In order
to ensure that the analysis of previous steps was correct two industry experts were interviewed
regarding the questions in the interview protocol. One of the experts had a long experience of
different partnering projects, and does now work as a consultant in this area. The other expert
is a department head on a leading construction consultant firm in Sweden. They were asked to
respond if the dimensions in the protocol were relevant, but also to add new dimensions
which they had experienced during their professional career. From the expert responses the
final interview protocol was set. Ten semi-structured interviews were then conducted with
subcontractors. Six of the respondents were in a management positions.
The questions were divided into three groups of questions; however the respondents were
allowed to switch between the groups while they responded to the questions. There were three
groups of questions. One category concerned the experience levels related to partnering,
financial incentives and contracts. The second category concerns non-economic incentives for
partnering while the third category concerns economic incentives for partnering.
All interviews were recorded on audio and analysed afterwards with a scoring model
developed from the results of the expert interviews and based on theories found in the
literature.
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4 ANALYSIS OF RESULTS
Most of the respondents show a modest experience and knowledge of participating in
partnering projects while two reports a high degree of knowledge. One interesting observation
may be that the reports from the respondents look linear in that high degree of knowledge
corresponds with a higher degree of engagement (i.e. motivation to partake, ideas for
partnering solutions), figure 1. However, all respondents did state in the interview that there
was an explicit interest of engaging in partnering projects. The reported leading incentive to

Figure 1 Relationship between knowledge and engagement

engage in partnering projects were divided into two groups; one group reported reduced risk
and economic stability, and the second group stated that trust built up during the projects
makes the project run smoother, and leads to a more satisfying work on a personal level. Thus
a the general question on incentives to engage in partnering projects produced answers spread
between answers a firm-level and a personal level. However, when the question was restated
as why they would actually enter a partnering project those factors became more gradated. A
highly frequent incentive mentioned was directly or indirectly profits. As such, the reason to
enter in to an actual project, were motivated by a firm-level response. However most of the
respondents agree on that in partnering, when trust is dominant, they will not be able to make
the same margins as in some traditional forms of procurement. The idea is to secure stable
profits, even if the profit is actually smaller. Another frequent factor has been recurring
business relations which the respondents indicate recurring relationship gives an incentive for
high performance and working for common goals. While high performance may be hard to
categorize prima facie, it is apparent that working for common goals relate to some form of
homogenised organisational view of the goals. Among managers, the three factors described
above; early involvement, stable economy and recurring business relationships formed the
major part of the interview about the motivational factors. A likely reason is that the projects
for these executives are about economic performance. These respondents have exclusively
talked more of company’s finances and balance between making money in the short term and
establish long term business relationships.
”We can eliminate risk and ensure profit […] we want to have a solid first coat on us
which we know is predictable. That is the greatest motivation factor for working towards
533

Emilio Johansson, Robert Ågren, Stefan Olander

this partnering project and above all to avoid high risk with unfinished construction
documents et cetera. On the other hand we are also dependent on traditional
procurement projects” - Subcontractor H
Among the respondents some subcontractors reflected on soft, relational, parameters.
Respondent C states that partnering is making the work more enjoyable, through the
introduction of integrated concurrent engineering (ICE). The same respondent claims that the
social part increases and the participants now have time for the project. Furthermore, it also
makes it easy to find understanding for eac
h other’s involvement in the project. In
the observational studies this was a distinct phenomenon, as time was reserved for the
participants to joint discussion and design, during the time lap the groups of participants
changed and they could easily find time to display concerted problems, communicate on the
conditions on site, and solve planning issues.
“I think it’s more fun to work with these conditions, as everyone is working together on
the same project you don’t get disrupted in your other work as soon another part has
problems with one particular project. If you have a joint office everyone knows that
everyone else are working with the same project”- Subcontractor C
When asked on relational components of partnering all subcontractors could relate to this
concept, almost all mentioned trust, mutual understanding created by integrated concurrent
engineering, common goals. However, when asked how this relates to their company and the
company behaviour none of the respondents could give an explanation other than trust works
between people. One subcontractor even stated “business is conducted by persons not firms”.
In spite of the above conclusions all respondents had a firm understand on the use of
different payment mechanisms. The respondent stated that cost-plus with ceiling is most
common among the incentives contracts. Scepticism of contracts with ceilings has been that
the contractors are not willing to negotiate ceilings which are not safe for them, and they will
always reach the ceiling. In other words the price in a cost-plus contracts with ceilings will in
practice be a fixed price contract. A more positive response has come from an incentive
model with a target cost with fixed fee. This kind of contracting has its benefits in the
assurance of finishing the assignments with a guaranteed profit and overhead. This
contracting form is not widely mentioned by the interviewees therefore, no direct conclusions
are to be made here.
”One thing that’s relative new and that we have seen more of this last period is this
contracting form when we have a fixed percentage of the budget, where we are covering
our overhead costs, 6,5 % and profits, 4,5 %. The rest is fixed-unit-price contracts.
During our contract the client are free to examine our books, closer to reliance than this
is not possible. Even if the profits are smaller, we are guaranteed to leave the project
with a profit.” - Subcontractor H
Subcontractor H mentions open books as a cause for reliance. Open books are a practice
where the contractor has insight into accounting, invoices, which give them an opportunity to
review actual costs in different cost-plus contracts. This practice is seen as a way to create
transparency. However, two respondents have a negative view on the practice, saying that
contractors behave in a manner which would imply that they exaggerated the numbers in the
books.
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Some of the subcontractors also states a preference for fixed price contracts and cites less
risk and more stable profit margins. As can be seen in table 1, half of the subcontractors do
have some experience with some form of economic incentives.
Table 1 Experience of payment mechanisms
Financial scheme
A B C
Fixed price
X X X
Cost plus
X X X
Cost plus with ceiling
Cost plus with profit/loss share X X
Cost plus fixed overhead
Target price
X
Target price with incentives
X

Respondents
D E F G
X X X X
X X X X
X
X X
X
X

H I
X X
X
X X
X
X
X
X

J
X
X

X

For greater understanding in their answers several follow-up questions were asked. In one
follow-up question the respondents were asked to tell their view on incentives between client
and contractors. In general the opinion was that a 50/50 share-out was a good basis. Some of
the respondents stated that they themselves did not have the experience to answer this
question. The problem arising is that subcontractors feel prompted to cooperate without any
economic incentives to gain from. In a fixed price-contract the client displaces the risk down
to the contractor. In this case it will be difficult for the client to demonstrate the advantage of
lowering the contractors profit and overhead, through cross-border assignments, to the benefit
of the project. Another relevant factor is that the client are presented with a model whereat
only the main contractor are able to lower the project cost compared to the target price.
Incentive distribution between the client and the contractors are important in reference to
the risk. One of the respondents opines the share factor to be an issue for discussion as the
project itself may require more or less work on behalf of the contractor.
“That is an issue for discussion, if we as a group has put in a lot of additional work we
may want more than 50% of the savings, if the project is easy to design and build we
should have a lower share”
Subcontractor G
The contractor capability to manage risk and ability to anticipate risk may be important,
however the project flexibility may also be essential. Should the incentives be negotiated
individually or should the client – main contractor negotiation reach the subcontractor? For
this question to be answered the respondents went from giving answers based on thoughts and
experience to discuss the advantages and disadvantages in general. The opinion was that an
easy solution would be to prefer per cent distribution because it is easy and predictable (i.e.
the contractor’s turnover measured as a percentage). The usual drawback of this system is the
incongruity to the smaller firms who are most capable to make significant changes for the
benefit of the project final cost. The respondents found that a group incentive were to exceed
the individual through joint objectives. Individual incentives were considered useful in the
sense that it might lower the respective contractor turnover but that a group incentive would
strengthen cooperation and put the focus on creating better joint solutions for a lower cost.
This opinion comes from the reasoning that solutions that favour the project emerges from
discussion where all participants share in their respective areas of expertise and where
individual incentives could encourage sub-optimal solutions. An important aspect raised is the
balance between a simple and transparent system of incentives to actually promote those who
made major contributions to the project.
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“"I think it is much of what is practical, it's easier to look at the individual company,
that you and you go in with this and this much. But then you’ll miss the confidence and to
ensure your project’s best, while it should be the project that’s number one. Even if it’s
only one that diminished their turnover or saved money, they should get part of the savings
just as much as everyone else. I do not know exactly how it will work, I have not thought
about it. That is why I have actually no idea of how to solve it as correctly and fairly as
possible. " - Subcontractor J
Many respondents agree on an easy solution where the incentives are divided by
proportion is suitable. They were all arguing that smaller contractor firms may contribute to
greater savings and, in comparison with bigger firms, get a fraction of the shared incentives
only. However, one subcontractor noted:
“I’ll believe that in order to make the best of every project, you should evaluate every
contractor contribution more than just a cost base when dividing incentives. Many
subcontractors don’t have a large order sum but still makes significant contribution to the
project“- Subcontractor H
Group incentives are to be preferred when cooperating towards common goals. However, it
was difficult to determine how the incentive would be divided between the players. The
common belief is that the model at its base is fair but does not provide enough incentives for
small operators with little or no turnover in the production. The respondents found that four
issues have to be addressed in order for an incentive to have maximum effect on project
performance: Smaller actor contribution, the budget, joint distribution of profits, adjusting the
proportion of cross-border measures.
One of the executive for a bigger subcontracting firm suggestion was that cross-border
measures must be a pre-design stage. In subcontractors experience it has been favourably to
cooperate over borders in the sense that the firms get a better chance in the procurement. The
smaller firms with less experience have reasoned that the budget must be considered, that
cooperation must be executed in self-interest and that the economic fluctuation must be dealt
with beside the normal incentives.
The respondents made clear during the interviews that economic incentives were
instrumental for their firms to enter partnering projects. Furthermore they did explicitly relate
those incentives to the execution of the partnering project. When asked about relational
aspects of partnering, the respondents could only relate to this concept on a personal level.
None were able to connect trust with the way its firm are conducting its affairs when asked
about it explicitly. However, in discussions on a firm level, the respondents did state some
thoughts which may have bearing on trust. For example, partnering allowed for higher quality
through more involvement or engagement in the project. However, one could as well argue
that this is statements regarding economic realities. What they may reflect is that the firm
builds up good reputation, thus attract repeated contracts from the same client, which leads to
a stable revenue stream.
Those conclusions are in line with previous research (Dainty et al., 2001, Haksever et al.,
2001, Packham et al., 2003, Bayliss et al., 2004, Eriksson et al., 2007). This study confirms
that economic incentives may have an influential part in partnering inefficacies. Arguably it
does contradict the propositions made by some researchers (Kadefors, 2004, Nyström, 2005,
Yeung et al., 2007, 2012) insofar as economic incentives are concerned. One cannot infer
from this conclusion that trust does not have anything to do with partnering projects at all,
only that it does not necessarily have a bearing on firms as is suggested by the authors above.
One explanation for this could be that trust, using the authors’ views, is related to project
management not partnering agreements. That is, trust is an elementary part of a relationship,
including relationships in partnering projects. However, it is not apparent, by reading those
studies that this trust is any different from what can be expected to be found in any project or
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any relationship. And looking at the issue at a firm level, one may conclude that trust is not so
much trust in an interpersonal trust meaning, but maybe rather an effort to create reputational
capital in order to attract business, thus earning more money. Trust is in this sense purely
economic. As such, the theory of firm still stands strong. This also brings out the problematic
results in tweaking Wittgenstein’s family resemblance concept as to allow ranking of
characteristics. Instead of recognising it as a theory of familiarity in the use of language (or
theory) an effort of quantification has led to imperfect conclusions regarding trust and
economic incentives. In other words it is necessary to view contracts as entities between
firms, and interpersonal relationships as project or organisational management questions.
Both levels has, of course, elements of trust and elements of economic incentives, however,
they cannot be treated with the same theory or with the same methods. This statement is not
intended to infer that the two levels are incommensurable, but rather that one has to firmly
prove that there exists a bridge between the levels.
5 CONCLUSIONS
Different strands of studies have targeted the question of incentives in partnering. While
some have suggested that incentives are inefficient (Kadefors, 2004, Nyström, 2005) others
have suggested it to be almost a prerequisite for a successful project (e.g. Dainty et al., 2001,
Packham et al., 2003). The results of the study reported in this paper, seem to validate the
latter results, inasmuch goes for incentives usefulness. Furthermore, the interviews show
different intentions when the interviewees discuss trust or incentives. The discussion of trust
seems to take place in an organisational setting, discussing how persons interact with each
other within a project. In contrast, when the interviewees talk on incentives the discussions
relate to how the firm relate to other firms in the partnering project. This distinction is
important to make, and it actually provide an explanation for the previous somewhat disparate
studies on the case of incentives in partnering. If incentives are studied from an
interpersonal/organisational theory viewpoint, incentives seem not to play a large role; on the
other hand, from a business level incentives are a dominant factor for directing firm
behaviour. Existing research on those two levels have not been able to converge these to
different levels, which have caused some overextended conclusions on the inappropriateness
of using incentives in construction partnering. However, there are some limitations to take
note of. This work has not considered pervasive incentives, i.e. the cases where incentives
have adverse effects. This restriction is due to the line of questioning which were chosen,
questions where asking why respondents engaged in certain behaviour, and how to
collaborate, rather than focusing on things that may go wrong during the process.
Furthermore, this study has not included an analysis of which incentives or trusts forms which
are effective as such, but only how the respondents perceive or view them.
6 CONCLUDING REMARKS
This paper is based on a master thesis written by Emilio Johansson during the spring of
2012. All data used in this paper, and its analysis, are taken from this master thesis. However,
the text has been reworked by Robert Ågren and Stefan Olander for the purpose of publishing
the results at this conference.
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Abstract. Fixed price and cost-plus contracting differ in risk allocation between the contractor and
the client. The former contract provides high-powered incentives for the contractor to cut cost while a
cost-plus arrangement is optimal with a risk-averse contractor and a high cost for monitoring quality.
There is a difference between the standard theoretical definitions of these contracts and how they are
actually used. In reality there are no pure versions of these contracts but instead a continuum between
these theoretical definitions. This paper provides a detailed model more in line with the actual usage
of the contracts. The refined model also provides a new way of approaching the empirical question of
how contract forms affect final cost outcome. This question does not have an obvious answer, with
two opposing mechanisms in play. The fixed price contract comes with a risk-premium making it,
ceteris paribus, more expensive ex ante but the cost-plus contract does not provide any incentives to
hold back cost during the contract, which could outweigh the risk mark-up. With a limited amount of
data from Swedish road maintenance a first step to approach this empirical problem is made,
showing that The Swedish Transport Administration (Trafikverket) takes the bulk of the risk.

KEYWORDS: Contracting, road maintenance, productivity
1

INTRODUCTION

The discussion on the effectiveness of contracting forms in the construction industry is
mostly held on a theoretical level and is lacking empirical results. One could state that all
important theoretical issues have been resolved at this high conceptual level. We know that
design and build contracts puts the risk on the contractor and the other way around with
traditional prescriptive contracts (design–bid–build). Fixed price payment schemes provides
high-powered incentives for the contractor to cut cost, while cost-plus contracts is optimal
with a risk-averse contractor and a high cost for monitoring quality (McAfee and McMillian,
1988). Different twists of these have been studied in a number of theoretical articles (see e.g.
Berends 2000; Maskin and Tirole, 2008; Mandell and Nyström, 2013. The next step must be
to analyze contracting forms in an empirical way.
The lack of empirical papers can be explained by a shortage of data (Nilsson, 2012,
Riksrevisionen, 2012) but also by a lack of detailed models to fully capture contracting
forms. This paper will focus on the latter by providing a quantitative definition of contracting
forms. The definition provides a first step towards explaining how contracting forms affect
final cost and quality.
2 CONTRACTING FORMS IN CONSTRUCTION
There are different terms to describe contracting forms in construction. A distinction can
be made between responsibility for design and payment schemes. Both can be seen as subsets
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of the term contracting forms. The difference between traditional prescriptive- and design and
build contracts has to do with responsibility for the design. In a traditional prescriptive
contract the client provides the design and the contractor builds accordingly. If something is
wrong in the design, e.g. the dimensioning of a bridge, it is the responsibility of the client.
But it is up to the contractor to build according to the plan, e.g. fulfill the prescribed
dimension.
In a design and build contract, both the design and the construction is the responsibility of
the contractor. The client provides an idea of what he wants that the contractors present a
design to fulfill and build accordingly.
A third version often discussed is performance contracting, which means that the client
defines what he wants in terms of functions e.g. a road with high friction, low roughness
(IRI), low cracks etc and the contractor is free to fulfill these requirement any way they want.
Hence, prescriptive, design and build contract and performance contracting has to do with the
responsibility of the design. These contracts can be combined with different forms of
payment schemes.
Payment schemes are usually described as fixed price or cost plus contracting (McAfee
and McMillian, 1988). The fixed price contract stipulates that the client pays the contractor a
predetermined price regardless of the final project cost. The predetermined price p comes
from the lowest tender b, accordingly

pi  bi , where bi  minB1 , B2 ,..., Bn 

(1)

In this setup, the contractor has a strong incentive to cut costs in order to maximize profit.
Under the assumption of ex post information asymmetry (i.e. that the client cannot monitor
the contractor perfectly), this can entail shirking on quality. The difference between the price
and the actual cost may be negative as well as positive. This potential deviation is carried by
the contractor, who bears all risk under this contracting form.
On the other side of the scale, we have the cost-plus contract with the client bearing all the
risk. The price, p, that the contractor is paid coincides with his cost, c, accordingly

p1  c1 , for the winning contractor 1

(2)

Here, the incentive for the contractor to cut cost is weak.
To summarise, the contractor bears all the risk in a fixed price contract and therefore has
high powered incentives to cut costs, which might affect the quality provided in a negative
way. Cost-plus contracts have the client bearing all the risk, with weak incentives to both cut
cost and shirk on quality. With the contractor bearing all the risk it is it is expected that the
fixed price ex ante bid should be higher due to the risk-premium.
It is important to differentiate between type of design responsibility and payment schemes,
when talking about contracting forms. In principle it is possible to e.g. combine a design and
build contract with a fixed price- or a cost plus contract. This paper will however focus on the
payment schemes.
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In order to test how fixed price and cost-plus contracts affect final cost, the contracting forms
from above needs to be defined in a more concrete way. A problem with the standard
McAfee and McMillian (eq. 1-3) descriptions of the contracts is that they do not exist in
reality. There are no such extreme versions of these contracts, at least in Sweden (Mandell
and Nyström, 2013; Nyström, 2012). The reality is much more complex. In order to capture
the real design of the payment scheme, one has to break down these contracts in more detail.
This is done by modelling unit price contracts (UPCs).
2.1 A refined model
Unit price contracting (UPC) is commonly used in procurement auctions throughout the
world (Ewerhart and Fieseler, 2003). It is frequently used in the construction and
maintenance of infrastructure (e.g. Gupta et al 2012).
Infrastructure is often the responsibility of the state, which entails that the public client is
bound by some procurement regulation. Using a UPC, the client prepares the design and
takes legal responsibility for it. The design consists of a bill of quantities, i.e. a list of the
units to be produces and their respective quantities. These quantities are connected to
technical descriptions and manuals. Contractors then submit bids in the form of price vectors,
one unit price for each quantity. The lowest vector product of prices and quantities, i.e. the
lowest total price, is awarded the contract and takes legal responsibility for the construction.
The simplicity of this contracting form is appealing in comparison to its alternative, the
design and build contract where the contractor is responsible for both design and construction
(Nilsson and Mandell, 2010).
The list of quantities in a unit price consists of adjustable and non-adjustable quantities.
These are defined ex ante in the procurement documents and should be included formal
description of the contracts.

Let us first introduce a new cost function, as follows,
 R1 
 OR1 
c  ap1 ,..., ap n     ap1 ,..., ap m   
 Rn 
OR m 

(3)

or
n

m

i 1

j 1

c   ap i Ri   ap j OR j

(4)

Where i  1,...n indicates adjustable quantities (R), j  1,... n
quantities (OR) and their unit price vectors api and apj.1
1

indicates non-adjustable

Formally the apj should be seen as a constant ad not a vector as it is fixed after the procurement.
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Thus, the cost-plus contract (2) can be modified by inserting (4), which gives
n

m

i 1

j 1

p   ap i Ri   ap j OR j

(5)

The introduction of adjustable quantities also rejects extreme version of fixed price
contracts described in (1), as the bid, b, is no longer fixed, but can be specified as follows,





b´ b  ap i Ri^  ap i Ri ,

(6)

Where is the original adjustable quantities from tender specifications and b' is the adjusted
bid i.e. the ex post outcome.
Introducing adjustable quantities also changes the fixed price contract, as the bid function
(6) is changed. Applying (6) to the fixed-price contract (1) gives this expression,
p  (b  ( ap i * Ri´`  ap * Ri )

(7)

Including OR and R to these models improves the connection to reality and enables a
better understanding of how these contracts work in order to make better projections of
outcome. Hence if all of the quantities are R, the contract coincides with a cost plus contract
and the other way around, with a hundred percent OR for a fixed price contract.2 The
extended model opens up for extended analysis such as ex post adaptation (Bajari et al 2012)
and unbalanced bidding (Mandell and Nyström, 2013).
Also, breaking down the contracts allows empirical testing of the contracting form’s effect
on final cost. Instead of portraying the difference between the contracts in a binary manner, it
can now be analyzed as continuum.
3 DEFINING CONTRACTING FORMS: EXAMPLE FROM ROAD
MAINTENANACE
The refined model of contracts enables a quantitative way of defining the payment
schemes. This is done by relating the ex ante value of the all the adjustable quantities to the
contracting sum. Such a calculation will result in a percentage figure, indicating how much of
the contracting sum is made up out of adjustable quantities. The measure can be interpreted
as a proxy for quantifying and separating cost-plus and fixed price contracting. If all
quantities are adjustable, we get a figure of 100 percent, which also constitute a pure costplus contract.
An example can be taken in Swedish road maintenance contracts. The market for road
maintenance was deregulated in 1992, allowing private contractors to perform the tasks
previously carried out in-house by The Swedish Transport Administration (Trafikverket). The
2

We have chosen to interpret a cost plus contract as a contract with all quantities being adjustable. Another
definition used by Bajari et al 2012 is that all of the clients cost are forwarded to the client, i.e. just forward all
invoices from the subcontractors plus the contracts own costs.
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Swedish road network is broken down into 123 maintenance areas, each one corresponding to
a unique contract. On average the maintenance areas cover 750 kilometers of road and the
duration of the contracts are usually four years. The maintenance contracts consists of winter
maintenance (snow-ploughing, salting and sanding), washing of signs, fixing potholes,
cutting vegetation on the side of the road etc. Winter maintenance makes up the largest part
of the contract sum. All these contracts use unit price contracting, with an opportunity at
regional level (Trafikverket is organized in five regions) to decide on the amount of
adjustable quantities ex ante. The final quantity of an adjustable item is decided by the client,
but in discussion with the contractor during the contract. Asphalting is not included in these
maintenance contracts but procured separately.
Data for the following example is taken from a dataset of final cost per year for 137 road
maintenance contracts between 2004-2009. This is not the procured ex ante cost but the final
ex ante payment per year to the contractor. Deviations between these are due to the adjustable
quantities in the contract. Data come from Trafikverket’s own accounting system (VERA).
However, Trafikverket could only provide detailed data on adjustable and unadjustable
quantities for 16 contracts. Out of these 16 contracts, the average value of the adjustable
quantities amounts to 70 per cent as seen in table 1.
Table 1 : Percentage of adjustable quantities in road maintenance contracts
Mean
70%

Median
71%

Max
79%

Min
57%

Number of contracts
16

The descriptive statistics indicate that most of the road maintenance contracts are closer to
cost-plus design than a fixed price, hence the client takes all the risk.
Having defined a way to quantify the continuum of contracting form, the next step is to
analyze how it affects final cost and quality.
4 THE CONTRACTING FORMS EFFECT ON FINAL COST – A FIRST
EMPIRICAL GLANCE
At a first glance it might be easy to predict that cost plus contracts, with no high-powered
incentive to hold back cost, will be more expensive. However, this is not that obvious. One
can expect the cost plus contract to be cheaper ex ante in the procurement stage, due to the
fact that fixed price contracts include a risk-premium. As the contractor takes on more risk,
he wants compensation. But as the contract starts, the contractor has no incentive to hold
back cost. This reasoning is based on the realistic assumptions that the contractor is risk
averse and that the client does not have full information about the project ex ante. Hence,
there are two opposing mechanisms at play and it is hard to predict which one is of most
importance i.e. which contract form is most cost effective.
A first step towards this empirical question can be taken in our limited example of road
maintenance. Figure 1. plots cost per km and contracting form, the latter as defined as above.
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Figure 1: Final cost/km vs contracting form for 16 maintenance contracts

No conclusion of the contracting forms effect on final cost can be drawn from the
descriptive data presented in figure 1. The sample is too small and figures needs control
variables such as quality indicators and geographical differences in order to conclude on the
unique effect of the contracting form.
However, this small sample indicates that the client takes most of the risk and all the
studied contracts can be categorized as cost plus. The spread of contracting forms is not very
extensive.
4 CONCLUSIONS
Empirical studies regarding contracting forms’ effect on productivity is absent in
construction. This can be explained by a lack of data but also that the definitions of
contracting forms do not capture the complexity of the real contracts.
This paper takes an initial step towards empirically evaluating different contracting forms
in construction. The traditional way of modeling, without including adjustable and nonadjustable quantities, does not coincide with how the contracts are used in practice. There are
no clear cut versions of cost plus and fixed price contracts as the model describe. A refined
model is presented in this paper. It uses vectors of adjustable and non-adjustable quantities
that represent the real contracts in an improved way. This enables a way to define cost-plus
and fixed price contracting in a quantitative manner, by relating the value of the adjustable
quantities to the ex ante contract sum.
A small sample of Swedish road maintenance contracts exemplifies this definition. All of
the 16 contracts in the sample can be categorized as cost plus.
The contribution of this paper in an improved and more detailed definition of contracting
forms is necessary step towards evaluating the cost effectiveness.
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Abstract. The purpose is to analyse how supply chain planning in construction can be better
coordinated, both concerning the supply chain as such and concerning activities on-site. A literature
review and a case study identify a number of problems that occur due to poor coordination. To
mitigate these problems it is suggested that a structured framework, like the Supply Chain Operations
Reference (SCOR) model, can facilitate the implementation of supply chain management so as to
enhance coordination and supply chain performance in the construction industry. The use of a
structured model is argued to improve the integration of subcontractors and suppliers in the main
contractor’s planning process. The focus is on the so called “Plan” process in the SCOR model,
which is the process that is used to coordinate supply chain activities in all parts of the supply chain,
including site activities. The findings identify which parts of the SCOR Plan process that need to be
adjusted to fit the construction industry and how it can facilitate the synchronisation between the
main contractor and its subcontractors. The main contribution is the development of a model for
mapping and managing the construction planning process, so as to enhance coordination and the
performance of the construction supply chain.

KEYWORDS: BSCOR, Construction logistics, Construction planning, Planning framework,
SCOR, Supply chain management
1 INTRODUCTION
Since the mid 1990’s there has been an increasing interest in the construction industry to
adopt supply chain management (SCM) principles to improve the planning and management
of construction projects (Vrijhoef & Koskela, 2000). Together with concepts like JIT,
partnering, and lean thinking, SCM has since then been believed to improve construction
performance and provide better customer value. Although construction companies view SCM
as a tool to improve coordination with suppliers and subcontractors involved in construction
projects (Segerstedt & Olofsson, 2010), the construction industry is still lagging behind in
terms of implementing supply chain practices and reap the benefits from better managed
supply chains (Bankvall et al., 2010). The construction industry is not unique in this respect,
but in other industries the difficulties and complexities inherent in SCM implementation have
led to the development of structured frameworks to facilitate the implementation, e.g. the
SCOR (Supply Chain Operations Reference) model (Power, 2005). To our knowledge, a
comprehensive framework is still lacking in the construction industry.
One of the keys to successfully implement SCM is the effective coordination and planning
of materials and resources. This is especially difficult in the construction industry since
supply chains typically are temporary and project based, and since there are many different
resources and organisations that have to be coordinated on-site (Titus & Bröchner, 2005).
Supply chain planning in construction must thus focus both on coordinating the fragmented
sourcing of materials and resources to the construction site, as well as coordinating materials
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and resources on the construction site itself. Typically, the many subcontractors, suppliers,
logistics service providers, etc., conduct their own planning, but the responsibility to plan and
coordinate the supply chain and construction site as a whole still resides with the main
contractor (Azambuja & O´Brien, 2009). As such, the main contractor faces the challenge of
managing a network of multiple supply chains delivering different materials, products, and
resources to the construction site. On the construction site, the main contractor faces similar
challenges during the production phase; many different supply chains, actors, and resources
that need to be managed and coordinated.
As for other industries (see e.g. Power, 2005), previous research (Persson et al., 2009;
Johansson & Persson, 2011; Persson & Thunberg, 2012) has shown that the SCOR model can
be appropriate also for the construction industry. The use of the SCOR model in construction
indicates that many of the challenges and problems facing the management of construction
supply chains can be remedied. The SCOR (SCC, 2012) model is a structured framework,
with predefined process and metric definitions, suitable for mapping and measuring supply
chains and supply chain activities. The SCOR model was originally developed for the
manufacturing industry, and when applying it to other industries adjustments to the model
have shown necessary. Examples of adjustments have been documented for after-sales
(Legnani, 2011) and healthcare (di Martinelly et al., 2009). Currently, a version of the SCOR
model for the construction industry, named the Builder’s SCOR (BSCOR), is being
developed and documented (BSCOR, 2012). The SCOR model includes five major process
groups; Plan, Source, Make, Deliver, and Return and so far, Source and Deliver have been
analysed in Persson and Thunberg (2012) leading to some adjustments to the process building
blocks and metrics. In this paper we take the BSCOR model one step further and focus on the
Plan process, which is the process that is used to coordinate supply chain activities in all parts
of the supply chain. The purpose is to analyse how supply chain planning in construction can
be better coordinated, both concerning the supply chain as such and concerning activities onsite. In analysing this purpose we also address two research questions;
RQ1:
RQ2:

Which are the most common planning problems identified in the construction
supply chain and on the construction site, respectively?
Can the SCOR Plan process facilitate the implementation of effective supply
chain planning principles in the construction industry?

The first research question will be analysed through a literature review and a case study.
The second research question uses the results from the first research question to investigate
how the identified problems can be mitigated by the aid of the SCOR Plan process and
whether the SCOR Plan process needs to be adjusted to fit the construction industry. As the
focus is on the supply chain to construction site and the work on-site we only concern the
planning of procurement and construction and exclude the planning of returns and the
handover process.
2 METHODOLGY
The study consists of two phases, analogous to the two research questions. The first phase
is descriptive and involves identifying problems commonly occurring in the construction
industry. This was done both by a literature review and by a case study. The case study was
partly used to verify the findings from the literature review, but also to gain an understanding
of the practical problems that occur and their practical effects. The case study was a single
case at a large contractor where two projects have been analysed as embedded units of
analysis (Yin, 2009). Based on company data, the contractor in the case study was considered
representative for large contractors in the construction industry, making it suitable for this
type of study (Yin, 2009). The selection of projects was based on that: the projects should be
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in the framework supplement phase; the budgeted cost should be in the interval of €1–10
million; and the sites should be within geographical proximity for the researchers. From a
short-list of ten possible projects, two were selected to be a part of the study. The reasons for
selecting these two projects were that they had similar managerial settings and that both sites
were involved in logistics improvement projects run by the contractor, thus leading to easy
access to data, personnel, and participating companies. In collecting data, three main methods
have been utilized; a short questionnaire, semi-structured interviews, and direct observations
(including attending production meetings). The observations enabled us to identify the
commonly occurring problems while the interviews and the questionnaire were used to
investigate the root cause of the problems and how they affected the construction project.
Case study reports have been written for each of the two projects and the findings have been
verified by key personnel at the construction company and on-site. The problems identified in
the literature and the case study were thereafter analysed in combination and clustered in
order to address the second research question.
The second phase of the research is more normative and includes a conceptual modelling
approach. With support from the results from answering RQ1, we analysed if the SCOR Plan
process is possible to implement in the construction industry, and whether it mitigates the
identified planning problems. The analysis also revealed strengths and weaknesses with
applying the standard SCOR Plan process in construction industry settings, and whether
SCOR Plan needs to be adjusted. The result of the second phase was a proposition of how the
SCOR Plan process should be designed in order to avoid, or minimize the effects from, the
identified problems. As such, we also provide suggestions on how the SCOR Plan process
can be used to better coordinate supply chain planning in the construction industry.
3 LITERATURE REVIEW: PLANNING IN CONSTRUCTION
3.1 Production and supply chain planning
Planning in construction can typically be separated in two planning processes, often
entitled pre-construction and on-site planning (Johansen & Wilson, 2006). The preconstruction planning process is more strategic and tactical, and consists of: selection of
project team; creation of the project documentation system; initiating the purchasing of
materials; development of the schedule and milestones; and other pre-project-execution
activities (Menches et al., 2008). The on-site planning is, on the other hand, more operational
and focuses on (Johansen & Wilson, 2006): ensuring that planned activities can be fulfilled;
schedule adherence; material procurement; weekly meetings; etc.
Previous research has typically focused on the technical part of planning (Laufer &
Tucker, 1987), especially when it comes to on-site planning. By studying contemporary
literature one can still see a focus on the development of advanced mathematical models for
improving scheduling techniques (e.g. Arditi et al., 2002; González et al., 2009; Soekov &
Lill, 2011). These techniques are, however, of limited use if not the underlying structural
planning problems that exist in the construction industry are first solved (Laufer & Tucker,
1987). SCM can be a facilitator for effective planning, and the inclusion of subcontractors
and suppliers in construction planning is stressed by many authors (e.g. Wickramatillake et
al., 2007; Bankvall, et al., 2010; Vidalakis et al., 2011). Agapiou et al. (1998), for example,
argue that the productivity of construction projects would increase if logistic issues (like
scheduling of materials) were given greater attention in the planning process. Fellows (2009)
also discuss that another important part of planning is to coordinate the work with other
project participants, like confirming that all participants share the same view of the project
goals.
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The on-site planning process is also affected by the decisions made in the pre-construction
planning phase, especially when it comes to SCM and logistics issues (Laufer & Tucker,
1987; Johansen & Wilson, 2006; Menches et al., 2008). This as SCM is mainly about
coordination and involvement of subcontractors, suppliers, and consultants in the project.
Yet, Fellows (2009) describes that coordination is most often absent in construction projects,
which leads to unshared goals between participants and unsuccessful projects. This and other,
similar, problems in construction planning are described in the following section.
3.2 Planning problems
In 2006 Johansen and Wilson reported on problems with non-mutual perspectives on the
planning process among project participants and that the amount of rework will increase
since the plans are continuously changed . Menches et al. (2008) emphasize that the lack of
incorporating long-term agreements with subcontractors must be mitigated in order to reduce
the amount of rework. Another possible way to reduce the amount of rework is to recognise
the input from subcontractors in the planning process as an important factor for performance
success, which is typically lacking in the industry (Gidado, 2004).
Except from excluding subcontractor information when planning, frequently appearing
problems concerning information management reported in the literature are lack of
information (Laufer & Tucker, 1987; Kelsey et al., 2001), not considering the handover
process between activities (Ballard & Howell, 2003), and not understanding the technical
aspects of the project (Soekov & Lill, 2011). The first one can result in misallocation of
materials but it can also mean, according to Kelsey et al. (2001), that information on solutions
to problems is not shared between projects. This issue and the problem with having planners
that do not understand the technical situations on-site can affect the development of the plans
and consequently increasing the amount of rework (Kelsey et al., 2001; Soekov & Lill, 2011).
These information problems and others are often forgotten when plans are developed
which have an impact on time-overruns, quality, conflicts, and safety (Laufer & Tucker,
1987; Gidado, 2004; Menches et al., 2008). Another complex factor to consider is the many
uncertainties projects face which result in schedule variance and overruns according to
González et al. (2009). Variance in the material flows also affects the reliability of the plan
(Ballard & Howell, 2003). Gonzaléz et al. (2009) also pinpoint the dynamic nature of projects
as a complex problem causing potential lack of resources, poor decision-making, and nonrealistic outputs. Furthermore, plans tend to be developed according to as-is and not to-be and
are often developed in hastiness (Gidado, 2004). This might result in conflicts as not all
aspects are reflected upon in the planning phase.
Other problems mentioned in the literature refer to different kinds of flows (material flow,
resource flow, etc). Flaws in planning the workflow, for example, is postulated to have an
impact on conflicts as several different teams might be planned to execute their work at the
same place (Arditi et al., 2002; Ballard & Howell, 2003). Arditi et al. (2002) not only
emphasize that workflow should be included in the planning phase, but also the production
rate and the repetitiveness nature of the project in order to surmount any risk of time-overruns
and wastes. Another type of flow that is often tainted with flaws as it is not considered in the
planning phase is material flows and inventories (Kelsey et al., 2001). This often results in a
great deal of materials on-site, affecting the accessibility for the craftsmen.
The problems could after this review be listed as: non-mutual perspective on planning; not
incorporating long-term agreements with subcontractors; lacking subcontractor engagement
in planning; lack of information; not considering the handover process between activities; not
understanding the technical aspects of the project; lack of continuous improvements and
learning; not considering the many uncertainties and the dynamic situation; and not planning
the flow of materials and resources.
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4 CASE STUDY
The case study was conducted in the Swedish construction industry and the case consisted
of two embedded projects. Both were building projects run by a large construction company.
The first project was a nursing home for senior citizens consisting of a larger building
containing many small apartments and large common areas. The project started in August
2009 and ended in August 2010 with a budget of € 7 million. The second project was a
condominium building with 28 apartments. The building project started in July 2011 and the
building was finished in October 2012 with a budget of € 10 million. Both these projects
were carried out with a special focus on logistic activities and represented “state of the art”
logistics in the construction company. During both projects, researchers were present at the
project sites for data collection and observations for three to four months of the project
duration.
4.1 Project Nursing Home
The nursing home project was a first pilot where the construction company used a
distribution centre that temporarily stored material and delivered material to the construction
site in a just-in-time manner. Materials were delivered to a terminal and stored, repacked,
marked with position for mounting in the building, and delivered in smaller portions to the
construction site. On the construction site, materials were directly delivered to a holding area
in close proximity to the place of usage. In this project, the only types of material that were
shipped through the distribution centre were of make-to-order (MTO) type, such as doors and
windows, that historically proved to be difficult to handle with traditional logistics. Other
types of material were delivered as usual, with a direct transport from the supplier to the
construction site. The internal logistics concerning materials that were shipped through the
distribution centre worked well, but problems occurred for other materials with a resulting
abundance of internal material movements since temporarily stored material often was
obstructing work.
The construction site utilized a goods-reception function that was staffed with three
workers that where authorized to sign the deliveries. This function could easily control the
inflow of materials to the construction site. This was the first time that this role was clearly
identified. Traditionally, a worker that happened to be close to the unloading area signed for
the delivery. The use of a special function for goods-reception also provided an opportunity
to coordinate transports from different suppliers and from the distribution centre. All
deliveries except from suppliers linked to subcontractors were coordinated in this way. The
subcontractors ordered their own materials and did not coordinate deliveries with the rest of
the deliveries to the site. This caused problems when several deliveries arrived to the site at
the same time, which was a problem since the unloading area on the construction site was
very restricted in space. Resources for unloading could not be shared on those occasions,
which increased the disturbances of uncoordinated deliveries. Coordination of deliveries
would minimise the problems and allow for faster and safer unloading. Furthermore, the
drawings were inadequate and left many calculations of material usage to crude estimations,
which caused further problems in planning deliveries.

4.2 Project Condominium Building
The condominium-building project was part of a second larger pilot study for the use of a
distribution centre for certain materials for the construction. In this project, deliveries of
doors, windows, kitchen interior, and ironwork were included in the distribution centre
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solution, all MTO type of materials. The materials were (just as in the previous project)
repacked and marked for easier handling on-site. All other material types followed the
ordinary delivery from supplier to site as described for project Nursing Home. As in the first
project, the deliveries were handled by a goods-reception function on the construction site.
All deliveries were reported to the goods-receptions function, but still no coordination
between contractor and subcontractor was established which caused problems.
At this project, several problems occurred based on insufficient drawings and
specifications. There were also some problems with calculations of materials usage that in all
led to several activities of rework and material movements. These problems would have been
solved with a better communication between subcontractor and main contractor, and more
important, between architect and main contractor. By sharing information during the planning
activity, using a standardised process and coordination, overall planning could be facilitated.
4.3 Case Summary
As both building projects were part of a logistics project where the use of a distribution
centre was evaluated, the logistics performance was for some parts excellent compared to
previous building projects. Nevertheless, there were many identified problems at both
projects and those are summarised in the following shortlist.
Excess materials ordered and stored on-site. Material usage is sometimes
miscalculated, resulting in too much material ordered to site.
Many movements of stored materials. Too much material on-site causes problems
when material is stored at locations where it is obstructing work and has to be
moved.
No coordination between contractor’s and subcontractors’ deliveries to site.
Subcontractor deliveries are planned by the subcontractors and not coordinated with
the main contractor. This causes overcrowding at the unloading area and excessive
waiting times for unloading.
No coordination of resource usage on the construction site, especially for unloading
deliveries. Since deliveries are not coordinated, resources for unloading are
sometimes scarce on-site and can act as a bottleneck for the unloading activity,
causing delays for the transporters.
Insufficient documentation of building object. If drawings and building documents
are insufficiently detailed, crude estimates need to be done of e.g. material usage.
Also, inaccuracies in detailed construction solutions are easy to overlook when the
documentation is insufficient, sometimes causing extensive rework.
5 COMMON PLANNING PROBLEMS IN CONSTRUCTION
In answering RQ1, we have analysed the literature and a case study to identify the most
common planning problems related to the supply chain and the construction site, which are
summarized in Table 1 below. In line with Johansen & Wilson (2006), we have divided the
problems in pre-construction and on-site planning. For the former group of problems it was
also possible to categorize the problems as subcontractor, supplier, and general issues. What
is evident from analysing these pre-construction planning issues is that they all stem from
poor coordination of the supply chain. That is, poor coordination of the actors affecting the
performance of the supply chain such as: the main contractor, subcontractors, suppliers,
architects, consultants, etc. Also the lack of information sharing affects the performance of
the construction project, one example of this is to inform all involved actors when changes
happen to the master schedule or if there is a delay in the supply chain. Turning to the latter
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group, the on-site planning phase, it is possible to identify problems related to synchronizing
resources and more general issues. Also here our analysis indicates that many of the problems
stem from poor coordination. That is, poor coordination of the use of common resources (like
cranes, wheel loaders, etc.), team of craftsmen, etc. Lack of information is also a problem and
there is no structured means advocating continuous improvement or learning between actors
or projects.
Table 1 : Identified planning problems in the literature review and case study.

On-site
planning

Pre-construction planning

Problem area
Subcontractor issues

Supplier issues

General issues

Synchronisation
issues

General issues

Literature review
Subcontractors’ low engagement
in planning
Not incorporating long-term
agreements with subcontractors
Poor planning of the flow of
materials

Poor understanding of the
technical aspects of the project
Not considering uncertainties and
dynamic nature of projects
Lack of information*
Poor planning of common
resources (utilisation)
Poor consideration of the
handover between activities
Lack of information*
Lack of continuous
improvements and learning

Case study
No coordination between
contractors’ deliveries to site

Excess material ordered and
stored on -site.
Many (unnecessary) movements
of stored materials
Insufficient documentation of
building object.

No coordination of resource,
especially for unloading.

* Identified for both pre-construction and on-site planning

The problems with lack of coordination in both the pre-construction and on-site planning
demonstrate that someone needs to take control of the planning process, and the most suitable
actor to do that is the main contractor. Yet, the literature review and our case study expose
that the contractors lack a proper methodology and a tool to take control of the supply chain
and its coordination. Therefore, the second phase of our research, focusing on RQ2, proposes
the use of a structured model that can facilitate coordination both of the actors in the supply
chain and of activities on-site.
6 A FRAMEWORK FOR MANAGING THE PLANNING PROCESS
The SCOR model (SCC, 2012) is a structured framework, with predefined process and
metric definitions, suitable for mapping and measuring supply chains. It includes five major
process groups; Plan, Source, Make, Deliver, and Return. The aggregated macro-level
processes are denoted as level 1 processes in the SCOR model and set the scope of action for
the company. The Plan process, studied in this research, describes the activities associated
with developing plans to operate the supply chain and includes level 2 sub-processes for
planning the acquisition, production, distribution, and returns in the company, but also a
process for planning the whole supply chain.
In the SCOR model, planning the supply chain consists of identifying the necessary
resources, and the potential lack of thereof, for effectively meeting supply chain
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requirements. Any needs for new suppliers to support existing acquisition strategies are
identified. This does to some extent resemble what is called the pre-construction planning
within the construction planning literature; building up the project team with suppliers,
subcontractors, and other supply chain-necessary resources and activities. Planning the
acquisition and production (Plan Source and Plan Make in SCOR) processes, on the other
hand, bear a resemblance to the on-site planning with tasks like identifying
product/production requirements, identifying product/production resources, and balancing the
needs with the resources. These activeties are in the SCOR model called level 3 processes (or
activities).
6.1 Mapping the SCOR-planning process against the construction problems
What is evident when studying the SCOR Plan process and the identified problem areas in
Table 1 is that a great deal of the focus is situated at the focal company. No part of the SCOR
Plan process encompasses the situation where several companies share the same production
facility for producing the final product and managing their own sourcing, production, and
planning processes. Problems like subcontractors’ low engagement in planning and no
coordination between contractor and subcontractors’ deliveries to site cannot be mitigated by
the SCOR model as it anticipates a single-company planning process. This lack of
synchronisation issue in the SCOR Plan process also affects problem areas like poor planning
of the flow of materials and excess materials ordered and stored on-site as these often are
results of not synchronizing acquisition plans among contractors on-site. What is inevitable is
a synchronisation process between the many existing companies on-site. Another issue with
the current state of the SCOR Plan process is its static view of a production site. Construction
sites are often more of a dynamic characteristic (due to the many uncertainties). These issues
suggest a change in the SCOR planning process.
6.2 BSCOR as an adapted SCOR model
In order to meet the need for integrating the subcontractors, the SCOR model has to be
adapted, in accordance with the work by Persson and Thunberg (2012). We thereby propose a
change in the planning process in the SCOR model, as it does not contain any process that
focuses on integrating the subcontractors and their plans. Figure 1 depicts our suggestion on
how the plan process for procuring materials should look like. The reason for only depicting
the procurement process is to show the structure of the planning system, where main
contractor and subcontractors individually develop their plan and balance them later on. The
structure of the planning process shown in Figure 1 is also valid for how the planning of the
construction process should look like, but with the corresponding level 3 processes Establish
production plan (one for the main contractor and one for the subcontractor), Balance
contractor and subcontractor production plans, and Establish master production plan, see
(BSCOR, 2012) for more information.

Figure 1 : The integration of main contractor and subcontractor sourcing plans.
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It is important to keep the separation between main contractor and subcontractor plans in
the beginning of the planning process as they are regarded as independent companies acting
based on their own sales and operations plans. This also allows each contractor to develop
their own procurement and production plans without conflicting with their other projects and
risking to over-utilising their resources. However, to be able to handover a building object
that meets the customer’s requirements, in terms of completion time and costs, the
contractors must be able to synchronise and balance their plans, a responsibility of which
should reside with the main contractor. Not doing so might lead to sub-optimization of plans
and not meeting customer requirements. The balancing process consists of reconciling each
contractor’s procurement plan/production plan to ensure a feasible plan that meets the project
requirements. After this iterative process, a master plan, where all potential conflicts are
eliminated, is established and distributed. As the balancing process is an iterative process it
also means that it should be continuously updated over time due to the dynamic nature of a
construction site. This need of a synchronisation process is also emphasised in the literature,
even though it is not clarified exactly where in the planning process it should appear.
7 CONCLUSIONS
The research in this paper has focused on production and supply chain planning in
construction. The purpose was to analyse how supply chain planning in construction can be
better coordinated, both concerning the supply chain as such and concerning activities onsite. By analysing the planning literature in construction we identified that many of the
planning problems concern subcontractor, supplier, and general issues for the preconstruction planning; and synchronisation and general issues for the on-site planning. All
identified planning problems concern various aspects of coordination, information sharing,
and lack of a structured model for planning. Hence, the problem areas presented in Table 1
are considered the most severe planning problems, thereby answering RQ1.
In order to mitigate these problems, coordination of the supply chain and the planning
process is essential. The SCOR model can help to address the structural planning problems
that exist in the construction industry. However, in the construction setting, also the SCOR
model is limited since it has a sequential structure built around a focal company. The
structural differences between the manufacturing and the construction industries, where
construction sites house many different companies at the same time, make it difficult to adopt
the SCOR model’s planning process as it is. In order to meet this characteristic the Plan
process in the SCOR model needs to be adjusted so the plans of the main contractor and the
subcontractors are balanced and a master plan can be established that is accepted by all
participating actors. Thereby, in response to RQ2, the SCOR model can be a facilitator for
implementation of effective supply chain planning but not in its current form. The adjusted
SCOR Plan process (i.e. the Plan process in the BSCOR model partly presented in Figure 1)
offers a structure to implement effective supply chain planning principles in the construction
industry, mainly by focusing on means to coordinate the plans of all involved participants.
The main result is a structured tool for how to plan the procurement and production
processes and that indicates how and where the integration between the main and
subcontractors should be made. For academics the main contribution is a method for
balancing plans and integrating the subcontractors in the planning phase. For practitioners,
the main contribution can be summarised as a structured model and tool for planning and
mitigate the problems of coordination and synchronisation. An appropriate subject for future
research could be how the division of the planning process in pre-construction and on-site
affect how the plan process should look like. This study indicates that the pre-construction
planning process more resembles the supply chain planning process in the SCOR model,
whilst the suggested model concerns on-site planning which in turn bears a resemblance to
554

Micael Thunberg, Fredrik Persson, and Martin Rudberg

the production planning process. Further work is also needed in order to verify the suggested
plan process and to adapt the rest of the SCOR model to the construction industry settings.
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Abstract. The performance of construction projects exist within a multitude of constraints of temporal, financial, or other nature that their managers must consider and satisfy. The interdependent
nature of constraints has made it difficult to efficiently explore different options during planning and
execution so that the desired performance is reached and maintained. There exists a strong need to
develop a new comprehensive numeric modeling approach for such managerial aspects of construction projects. Singularity functions have the ability to provide the desired integrated model. They are
unique in that they are defined as range-based case distinctions, so that they can be ‘switched on and
off’ as needed, but will remain continuous. This class of mathematical functions, known by the names
of their inventors, Macaulay and Föppl, was first used in structural engineering analysis to calculate
the effects of variable load profiles on structural members. This transformational research can newly
apply singularity functions to problems in construction engineering and management. Various types
of temporal and financial constraints are reviewed, including the timing and duration of activities on
the one hand, and costs and payments on the other. Conditional constraints, e.g. cash discounts for
early payments, the cost of capital from retained earnings or financing interest, and bonuses or penalties for performance deviations, are of special interest. Such components are vital to achieve realism
in a mathematical model. An example of a small construction project with several different types of
constraints illustrates its new application. The paper concludes with recommendations to broaden this
innovative modeling scheme to other yet even more complex constraints. This can also enhance constraint satisfaction with optimization and increase the efficiency of future construction management.

KEYWORDS: Construction project; constraints; scheduling; finance; singularity functions.
1 INTRODUCTION
All construction projects are subject to constraints, and the final project can be considered
to be a single valid solution to a constrained system of interacting parameters from among the
various ‘dimensions’ of project management, i.e. its well known and often cited aspects time,
cost, scope (Kerzner, 2009), resources, safety, quality, sustainability, etc. Therefore project
managers must be keenly aware of which specific constraints exist, what values they have,
and how they impact the particular project. Based on such analysis, they must find efficient
and effective ways of steering their projects to remain not only within the region of feasible
solutions, but also within it to minimize some parameters and maximize others, depending on
their nature. Project management thus can be seen as a multi-objective optimization problem.
The question of how to model constraints becomes a significant challenge if one considers
that they have very different behaviors, may interact with positive or negative correlation but
are not necessarily directly proportional, may be absolute or variable in terms of how strictly
they must be followed, and their values may be fixed points or distributed ranges in form of
discrete or continuous numbers. Together these factors complicate an accurate and detailed
yet intuitive and flexible modeling and analyzing different types of constraints in construction
management. Existing approaches for this non-trivial task suffer from being disjointed and
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unnecessarily complex. This paper therefore presents a novel approach toward modeling such
temporal and financial constraints in an integrated manner by using singularity functions.
2 IMPORTANCE OF CONSTRAINTS
Constraints establish limitations to the feasible states of a system, e.g. a project schedule.
They are expressed mathematically as a set of inequality or equality conditions for individual
values or ranges of permissible inputs or outputs. Constraints can affect any independent (input) or dependent (output) variable of such system. Together, they create the boundaries
within which all solutions of the system must remain to be considered valid in the analysis.
Without identifying and obeying all or most constraints it would be impossible to perform
any mathematically based planning of construction projects. In other words, all project plans
can be viewed as a set of constraints, which often are interrelated. In general, constraints must
be quantifiable numerically, i.e. measurable in binary values (i.e. for yes/no statuses), integers
(e.g. time resolution in full workdays), rational numbers (if derived as a ratio of two integers,
e.g. levels of crew productivity), or real numbers to be usable in an analysis or optimization.
Additionally, constraints can be treated as either ‘hard’ or ‘soft’ in terms of their relative
importance. Hard constraints are inviolable and must be obeyed under all circumstances.
Reasons for such a classification include that they are technically impossible to circumvent
(due to laws of nature or currently available technology), legally required by governing laws,
carry a significant financial penalty, or will create actual harm to participants (that may range
from physical damages to intangibles such as the professional reputation of a company) if
they are not followed. From this one end of a spectrum extends the range of soft constraints,
which in practice include negotiable terms or conditions, desirable features, and a plethora of
other items, which can be thought of as having a hierarchical order according to which they
can be disobeyed if necessary to still meet project performance objectives. Besides the fact
that some constraints may be disobeyed under special circumstances lies the additional area
of constraints whose values are not fixed but random to a certain degree, i.e. are probabilistic
in nature. Such constraints can arise when being uncertain about a realistic value (e.g. activity
duration), modeling unforeseen site conditions (e.g. soil types that require specific treatment),
or exploring future options that are yet to be decided (e.g. installation of different possible
finishes). For brevity, the issues of hard versus soft and of deterministic versus probabilistic
constraints are not treated in detail in this paper but left to be explored under future research.
3 TYPES OF CONSTRAINTS
3.1 Temporal constraints
Temporal constraints, beyond the trivial point or range for a single value, arise primarily
as acyclic dependencies between activities in project management. Event refers to a single
point in time; activity refers to a work process that occurs during a range across time. Events
and activities can be combined, e.g. to model a milestone when an ongoing process must have
produced a specific intermediate quantity of work product, or a deadline when it must have
finished. The general case of two activities will be examined in this paper, which can always
be reduced to the case of activity and event by setting the start and finish of the latter equal.
Exactly three temporal relationships exist between two events, A < B, A = B, and B < A,
but a significantly larger number of possible temporal interval relationships, due to the many
ways in which they can overlap to varying degrees. It is therefore necessary to explore how
many different relationships can theoretically exist. Consider two uninterrupted activities A
and B. Their complete possible array of permutations is obtained by shifting two intervals
along each other until any element within an equality or inequality expression will change.
The durations of two intervals can be such that dur(A) < dur(B), dur(A) = dur(B), or dur(A) >
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dur(B). For all possible relationships it holds that AS < AF and BS < BF. Moreover, A can occur
before, during, or after B. If A exactly touches B (either before or after it), a finish-to-start
relationship exists. The most variety of cases arises from concurrency of A and B: They can
partially overlap with different scenarios as to whether or not pairs of starts or finishes are
unequal or equal; they can be exactly concurrent; or one can encase the other. Tables 1 and 2
together list all thirteen possible permutations that exist for exactly two activities, which were
originally explored by Allen (1983) to create an interval-based algebra for computer science,
after initially identifying only nine types (Allen, 1981) of A < B, A = B, A > B, A meets B, A
met-by B, A overlaps B, A overlapped-by B, A during B, and A contains B. A and B are not
treated interchangeably and A = B creates the uneven total count in the otherwise symmetric
constellations. These thirteen types require that the relationships are broadened from merely
reviewing the intervals A and B themselves to establishing equality or inequality relationships
between their starts and finishes, AS, AF, BS, and BF. This refinement of interval logic already
arises in most such cases, e.g. A meets B (equal to AF = BS) or A met-by B (equal to AS = BF).
Table 1 : Types of point-based temporal constraints (adapted from Freksa, 1992)

Constraint AF < BS
AF = BS
AS = BF
AS > BF
Description A before B A meets B A met-by B A after B
Table 2 : Types of interval-based temporal constraints (adapted from Freksa, 1992)

Constraint
AF > BF
AF = BF
AF < BF

AS < BS
A contains B
A finished-by B
A overlaps B

AS = BS
A started-by B
A equals B
A starts B

AS > BS
A overlapped-by B
A finishes B
A during B

The traditional scheduling technique that is widely used for construction projects in North
America, the critical path method (CPM) (Galloway, 2006), is based originally upon a single
link type, finish-to-start. Allowing that any start or finish of A can be linked with any start or
finish of B in the precedence diagramming method (Fondahl, 1964) extends this to four types:
Finish-to-start (F-S), start-to-start (S-S), start-to-finish (S-F), and finish-to-finish (F-F). This
obviously significantly increases the number of possible permutations like a ‘combinatorial
explosion’ of options. It suffices for complete sequencing and schedule calculations if a pair
of activities is linked by at least one link of any type. Moreover, permutations increase if one
considers that activities can be linked with not just one but multiple links between their starts
and finishes; for example S-S and F-F links are commonly combined to enforce concurrency
between the two activities. It is assumed that no truly redundant links exist (e.g. connecting
activities A and C, which are already connected via B), or that they have been removed via a
redundancy identification algorithm (Bashir, 2010). Furthermore, the permutations increase
when allowing durations on the links themselves, which specify a (minimum) temporal offset
to always be maintained between origin and terminus of said links. Such durations often are
called lead or lag (Crandall, 1973), which indicates a delay or overlap between the two points
in time. Specifically, lead refers to a positive value for the temporal offset from predecessor
to successor activity, while lad refers to a negative offset. Crandall (1973) noted that the S-F
link is rarely used in practice, even more so with a lead or lag, but it will be still listed in the
following discussion. Recall also that relative activities durations can be equal or unequal per
the conditions dur(A) < dur(B), dur(A) = dur(B), or dur(A) > dur(B). Combining all of these
factors generates a plethora of possible permutations already for just one pair of activities.
Note that even further constellations would be possible in two additional cases that would
add more realism to a schedule, but are excluded here for brevity: (1) Allowing relationships
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to originate and terminate at any point in time during ongoing activities, not just their starts
and finishes. And (2) that each activity can be composed of multiple segments with different
durations. In general, both cases can be reduced via activity splitting (Son and Mattila, 2004)
into the already discussed ones – in the former case, converting it into two sub-activities A1
and A2 with a F-S link, from whose connection the link to B emerges; and in the latter case,
dividing it into n segments Ai with a F-S link, where the counting index i is from 1 to n. Yet
even this seemingly increasingly complex perspective of temporal constraints is still limited
in that it only considers point-to-point relationships, not range-based relationships. As will be
seen in the following model based on singularity functions, activities in reality relate to each
other throughout their execution, and interact on an ongoing basis. Under such productivityoriented view, their starts and finishes merely function as markers of their 0% and 100%, but
by themselves are insufficient to plan, control, and manage the detailed progress over time.
Naturally, unless activities must be executed strictly sequentially for technical reasons, due
to limited resource availability, or because they would create a physical interference or spatial
conflict, they should be scheduled with maximum concurrency to minimize the total project
duration and achieve an efficient productive process. Therefore the major question arises for
project planners: Which one of this bewildering array of possible overlap options to chose?
The following diagrams systematically group possible interval relationships for the three
relative activity durations, four link types, and durations on said links as lead, lag, or zero. Its
notation is that links always originate at the predecessor A and terminate at its successor B.
Figure 1 shows the permutations for all four different link types, assuming equal durations of
A and B. Applying an approach similar to Allen (1983), the seven different types of overlaps
of the nine from Table 2 that apply (A during B, and A contains B require unequal durations)
create 4 · 7 = 28 permutations. They are arranged in the diagram in rows by link type and in
columns by temporal interval relationships. Note that each of the four link types can create
identical overlaps between the two activities, but obviously requires different leads or lags.
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Figure 1: Permutations for four link types and equal durations
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Figure 2 shows the remaining permutations, now assuming unequal durations of A and B.
For brevity, the middle row combines two cases within each diagram. Note that none of the
permutations of Figure 1 are repeated: For A before B, A after B, A meets B, A met-by B, A
overlaps B, and A overlapped-by B it is irrelevant whether dur(A) < dur(B), dur(A) = dur(B),
or dur(A) > dur(B); and A equals B obviously assumes equal durations. They have the factors
2 for A > B or A < B; 3 for the left, left-right, or right overlap as denoted by A finished-by B,
A contains B, or A started-by B (for A > B columns in the left half of Figure 2), or A finishes
B, A during B, or A starts B (for A < B columns in the right half of Figure 2) of Allen’s (1983)
classification; and 4 for the four link types. This generates 2 · 3 · 4 = 24 permutations, for a
total of 52. Of course, the seven columns in Figure 1 plus the six columns in Figure 2 yield
the thirteen original temporal interval relationships. This discussion has extended them with
all four link types and allowing leads and lags. Comparing the verbal notation with these diagrams, it is found that the former only captures the temporal interval relationship, not its reason in form of the underlying constraints from one or multiple links with leads or lags.
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Figure 2: Permutations for four link types and unequal durations

Reviewing the many permutations, a major disconnect exists between the area of computer
science and its abstract software-oriented concepts, and the area of construction management,
where project managers must plan, schedule, and control their projects to satisfy the goals of
remaining on schedule, within budget, and delivering the facility safely and at quality. But it
is a major challenge for schedulers to select the appropriate link type for each relationship in
a schedule, because defaulting to F-S links precludes any overlap and thus is very inefficient
in many cases. Despite their technical or administrative sequencing constraints, in practice
many activities can and should be performed at least partially concurrently. This minimizes
the total project duration, down to the value when any interference or conflict will occur on
the construction site. Selecting the proper link type for pairwise activities of known durations
is often guided by information about the means and methods. Yet this challenge is attenuated
by the fact that for each link type there exist thirteen possible temporal interval relationships,
not including that appropriate leads or lags must still be chosen for the specific final overlap.
Multiplying this with the number of activities in typical construction projects, which range
from the hundreds to the thousands, yields an enormous amount of possible schedules for the
particular project. Considering further that a baseline schedule will be regularly updated at a
monthly if not weekly frequency with as-built progress or modified with as-needed mitigation
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of changes, interruptions, or delays, network schedules suffer from an exponential explosion
of permutations. This creates significant potential for inefficiencies and even errors to be built
into networks, because it is difficult if not virtually impossible to select the optimum option
for a project when linking its many interacting activities. Network schedules have inherent
conceptual drawbacks due to their representation of temporal interval relationships, which
limit how one can reason about, understand, and influence their realized behavior in practice.
3.2 Financial constraints
Financial constraints on the surface list only monetary values, but upon closer examination
cannot easily be separated from an underlying time component. For example, depending on a
user’s perspective, a budget can be treated as an absolute value or a target to be achieved by a
certain date or maintained during a certain duration. Considering inflation on costs, assessing
interest on financing, and other Time Value of Money concepts illustrate this issue. Whether
or not financial constraints also act in a temporal manner is not an matter of formal definition
but of practical use. Same as all constraints, they establish minimum, equality, or maximum
conditions for individual values or ranges of values. Financial phenomena are best analyzed
in chronological sequence in which they occur in business transactions. This sequence of cash
outflows and inflows generates a cash flow profile, which – in somewhat of an analogy to the
point-to-point representation of temporal constraints – had been labeled “difficult to model”
(Kenley 2003, p. 168). Examples of financial transactions are payments (inflows) or costs
(outflows) at a point in time, or costs that are accrue across a range of time, as is a commonly
assumed in modeling cash flows at the project and program levels (Abido & Elazouni, 2011).
Their sequence start with costs, accumulating them into bills, paying them less a retainage
that is withheld, assessing interest, determining bonuses or penalties, releasing the retainage,
and calculating the final profit (Lucko, 2011). Contractors may analyze financial implications
of different options to schedule activities and minimize their overhead, inventory costs, and
exposure to internal and external risk factors while maximizing production of billable goods
and services. They may use a mixture of debt financing (subject to terms and conditions) and
retained earnings, consider whether or not to pay their suppliers early if a discount is offered,
and seek to be paid quickly by the owner, all in support of the goal to maximize their profit or
net present value (if options exist for durations or interest rates) within the overall constraint
framework (Smith-Daniels & Smith-Daniels, 1987). Owners seek to minimize their project
duration and cost, using similar analyses, but from the payer’s view instead of the payee’s.
Broadening the view beyond mere project activities, a plethora of economic phenomena
emerges at the micro and macro levels. Financial markets with their valuation based on future
revenue potential represent an enormously complex system of constraints within the overall
economy. Issues on such scale may arise from e.g. financing mechanisms that may be subject
to liquidity constraints due to variable interest rates, purchasing options or futures to hedge
against risks such as undesirable upswings in commodity prices for construction materials
and supplies, or offering performance-based incentive payment and remunerations. Another
consideration is how the legal structure of the various project participants impacts financial
constraints, e.g. a public owner using bonds to finance a major new infrastructure project.
Construction projects encounter a multitude of different types of constraints, which cover
all of their aforementioned managerial ‘dimensions’ of time, cost, scope, resources, safety,
quality, sustainability, etc. For brevity, only temporal and financial constraints are discussed;
the mathematical model of in this paper can already express other types insofar as their direct
impacts on time and costs are concerned by treating them similar to non-productive activities.
Many real-world phenomena still exceed the presented modeling assumptions and analytical
capabilities and require future research. Any model of reasonable size and complexity that is
suitable for practical use will thus necessarily include only a limited set of factors to simplify
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reality, of which the extrinsic ones, i.e. those that have little or no relationship with the nature
and performance of the construction project, are especially difficult to capture appropriately.
4 SINGULARITY FUNCTIONS
Singularity functions are capable of expressing different types of constraints with just one
functional operator. They were used in structural engineering (Föppl, 1924; Macaulay, 1919)
based on an analytical approach to simplify differential equations by Clebsch (1862). Yet it
was noted that even in that area “its use has not been as widespread as one would expect...
Perhaps the reason is that it makes use of a rather special representation of the Macauley [sic]
and the singularity functions” (Chicurel-Uziel, 1999, p. 281). Equation 1 is referred to as the
basic term, using the notation by Wittrick (1965), which provides a simple case distinction
between two ranges on a continuous horizontal x-axis, one from –  to just before the cutoff
a, the other from including a to + . In the former, the value of the term is defined as exactly
zero; in the latter the term takes on a value from evaluating its brackets normally. The factor s
(for strength) designates the intensity of the term once it has become active. Its meaning depends on the value of the exponent n: For n = 0 the basic term describes a step of the constant
height s; for n = 1 it is a ramp of the linear slope s; and for n = 2 a parabola. Any higher order
terms are possible, yet in practical applications it often suffices to only use basic terms of
zero and first order, i.e. modeling the phenomena of interest as piecewise segmental.
y  x basic term  s  x  a

n

0


n
s   x  a 

if x  a
if x  a

(1)

A singularity function, as the name indicates, describes singularities, i.e. points of interest
along the x-axis where the behavior of the phenomenon changes in any of its aspects, whether
they are value, growth rate, curvature, or other. All that is necessary is creating a customized
basic term for each change, specifying an appropriate a to ‘switch it on’ at its location on the
x-axis, and adding all of them into the complete singularity function. Since it encompasses a
theoretically unlimited number of basic terms acting together per Equation 2, it can describe
any complicated behavior, provided that it remains a true function that uniquely maps x onto
y(x). Changes can be continuous or discontinuous in their nature, i.e. impact the value of y(x)
with vertical steps or mere slope changes. The basic term itself is defined as right-continuous.
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The case distinctions in singularity functions creates conditionally varying values y(x) that
can be modeled as a series of IF commands in software programming languages. Singularity
functions can be added and subtracted, multiplied (which combines multiple conditions) and
divided, integrated and differentiated, and scaled like regular functions. Extending Equation 1
by e.g. replacing x with a function f(x) such as a rounding operator   or   (Iverson 1962)
to create stepped or repeating patterns, incorporating non-polynomial functions, or inverting
the case distinction to s · a – xn so that it changes from active to inactive at its cutoff, can be
done with relative ease, but is not explored here for brevity. Practical use of Equations 1 and
2, e.g. manual evaluation, should follow three principles (Lucko and Peña Orozco 2009):
 Sorting: Multiple terms within Equation 2 should be sorted by their cutoff a, exponent n,
and strength s from left to right as is common in regular polynomial function for clarity;
 Simplification: If multiple terms within Equation 2 have identical a and n, their s should
be added to minimize the number of basic terms that are required in a singularity function;
 Superposition: Complex behaviors y(x) can be modeled by additively overlapping multiple
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basic terms within a single singularity function, whose length is theoretically unlimited.
5 MODELING CONSTRAINTS
5.1 Temporal constraints with singularity functions
All of the previously discussed temporal interval relationships as shown in Figures 1 and 2
can be modeled with singularity functions. Consider two activities A and B, each containing a
single segment of known slope, i.e. constant productivity, per Equation 3. Their intercepts s0
are listed first to indicate that their curves can be plotted by first locating their y-values and
installing slope s1 from that coordinate. They must have a sequence {A, B} and produce four
units of work each. A time buffer of 1.5 workdays is required after A throughout its duration.

y  x act  s 0  x  0  s1  x  0
0

1

(3)

Assuming a productivity of 4 work units per 3 workdays for A, its slope s1 is 3/4 in Figures
3a through 3d due to the vertical time axis. This axis configuration is used because the linear
scheduling analysis minimizes the output y(x), i.e. the total project duration. A ‘stacking and
consolidation’ algorithm (Lucko 2009) can perform the desired scheduling using two steps:
 Stacking: Determine the maximum y(x) for any x of the predecessor singularity function,
use this value as the intercept for successor singularity function to remain on the safe side;
 Consolidation: Subtract successor minus predecessor singularity functions, determine its
minimum Δy(x) = min{y(x)B – y(x)buffer A}, and subtract it from the successor intercept s1.
In this example, the singularity function for the buffer of A must be used for the predecessor.
Equation 4 performs the stacking by calculating a tentative intercept of s0 = 4.5 for B, keeping
its slope unchanged at 4/4, which Equation 5 then consolidates to the final intercept of s0 = 1.5
for B as shown in Figure 3a. This algorithm guarantees the minimum total project duration.



maxy  x buffer A  max 1.5  x  0  3 4  x  0
0

1

 4.5  yx

 4.5  x  0  ...
0

stack B

miny  x stack B  y  x buffer A  4.5 1.5 x  0  4 4  3 4 x  0  3 at x  0
0

1

 y  x consolidate B  4.5  3 x  0  4 4  x  0 1.5  x  0  4 4  x  0
0

(4)

1

0

1

(5)

Importantly, only two inputs are required to generate a complete linear schedule. Inputs
are user-selected productivities for A and B (or equivalently durations and quantities of work
product) and their sequence {A, B}. Temporal constraints by links are marked as dotted lines
in Figures 3a through 3d. Note that a S-S link has automatically emerged in Figure 3a, as can
be proven by setting equal the final singularity functions for B and buffer of A and solving for
the unknown x, here x = 0. Concurrency of A and B exists between the minimum y-value of B
and maximum y-value of A, here yoverlap = {1.5, 3}. The lead on the S-S link is the intercept of
B minus the intercept of A, S-S = 1.5 – 0 = 1.5. In other words, the detailed type of temporal
interval relationship that emerges is A overlaps B created by a S-S link of lead 1.5 workdays.
An analogous calculation can be performed for Figure 3b to yield its F-F relationship. To
complete this comparison of the four link types, Figure 3c shows how the most common type
and de facto default in network schedules, a F-S link, is actually an inefficient link type with
zero overlap in linear scheduling. To occur automatically it either has to strictly enforce its
constraint as shown by the horizontal dotted line (as if performing stacking only, but omitting
consolidation), or in the case the workface of B moving into the opposite direction than A,
marked as a dashed line. The final link type, S-F, is admittedly rare in network schedules
already and downright unusual when shown in the linear schedule of Figure 3d. Importantly,
the exact link type and its lead or lag duration per the 52 possible permutations of Figures 1
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and 2 are generated as the output of the linear schedule analysis with singularity functions.
Two other insights emerge from Figures 3a through 3d: The activities in optimally efficient
schedules have parallel slopes, i.e. identical productivities, and develop range relationships
(Lucko 2008), not point-to-point ones that are the only possible ones in network scheduling.
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Figure 3a: Start-to-start
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Figure 3b: Finish-to-finish
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5.2 Financial constraints with singularity functions

The complete sequence of financial phenomena and their constraints can be modeled with
singularity functions. Time is assigned to the y-axis, which takes on the role of independent
(input) variable, while money is the dependent (output) variable on the z-axis. The individual
steps – cost, bill, pay, etc. – are modeled, here for a single activity, as a set of transformations
starting with Equation 6. It adds the cost per period as a slope c at the start of an activity and
subtracts it at its finish. For brevity, billing and payment that are separated by a time delay b
in practice are combined into Equation 7, which thus performs the following transformations:
Increasing the cost c by a factor (1 + p) for the profit margin, aggregates growing costs into
stepped payments by applying the aforementioned rounddown operator   to y, decreasing
the payment by a factor (1 – r) for the retainage, and shifting the payment by b after billing.
Individual cost items, e.g. mobilization, can simply be modeled as basic term of order n = 0,
as can bonuses, penalties, or released retainage, which are subject to conditions of whether or
not a specific project duration ydur or balance zbal is exceeded. The former temporal constraint
activates at ydur, for the latter financial constraint its basic term is multiplied with another one
that checks the balance condition per Equation 8. Equation 9 models a discount e for early
payment, which modifies the amount due depending on how soon after invoicing it is paid.



z  y cost  c  y  a start

1

 y  a finish



1



(6)

z  y bill pay  1  r  1  p  c   y   astart  b   y   a finish  b
1

z  y cond cost  z  y   zbal  c  y  a
0

0

z  y discount  c  1  e  y  0  e  y  a discount
0

1



(7)

(8)
0

(9)

Starts and finishes of activities are variables and can be updated during planning to model
different options or during execution to model various delays. These can be external delays of
predecessors (which impact both astart and afinish) or internal delays of the activity itself (which
impacts only afinish). Adding cash outflows per Equations 6 and 8 and inflows per Equation 7
provides a plain cash flow profile before financing. Financing fees are added at each period
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end, here using a common approximation (Abido & Elazouni, 2011) of assessing interest on
the balance at the previous period end plus one half of the additional debt, if any, during the
current period, and only if the balance is negative. A more comprehensive model has been
derived by Lucko & Thompson (2010), but is omitted for simplicity. It is assumed that the
financing has one source at a fixed interest rate. Assume a small example of Figure 4, which
consists of an activity from astart = 0.25 time units to afinish = 2.75 time units, creates $50 cost
per period, assumes that retainage r and profit p are zero, has a billing-to-payment delay b = 1
period, and an interest rate i = 5% per period. Its principal can be simplified from z(y – 1) + ½
· [z(y) – z(y – 1)] to ½ · [z(y – 1) + z(y)]. This yields the cost function z(y)cost = $50 / period ·
[y – 0.751 – y – 2.751] and the payment function z(y)pay = $50 / period · [y – 1.751 –
y – 3.751]. Their difference creates the cash flow profile shown in Figure 4, which has a
non-trivial shape due to its partial start and finish date. Equations 6 and 7 model its respective
partial costs and payments correctly. Calculating its interest fees at each period end directly
yields the following values: z(1)int = 5% · ½ · (0 – 12.5) = – $0.3125; z(2)int = 5% · ½ · (–
12.5 – 62.5) = – $1.875; z(3)int = 5% · ½ · (– 50 – 87.5) = – $3.4375; and z(4)int = 5% · ½ · (–
37.5 – 37.5) = – $1.875. Their sum is - $7.50. However, this approach creates the problem of
an extra required calculation step; if balances are changing sign during any period, the exact
location of such crossing would have to be identified so that interest would only be charged
on actual negative balances. Decomposing interest into separate charges on activity costs and
earnings on progress payments (at the same interest rate) eliminates this potential problem.
Equation 10 can be used for both the negative and positive interest. The rounddown operator
ensures that the interest only changes at period ends, and  is an infinitesimally small value to
ensure that the value just prior to a period end is used, because singularity functions are rightcontinuous. Applying Equation 9 to Equation 6 yields the respective values of – $0.3125, –
$1.875, – $4.0625, and – $5.00 at times y = {1, 2, 3, 4} for charges of – $11.25 on activity
costs; and to Equation 7 it yields $0.00, $0.00, $0.625, and $3.125 for earnings of $3.75 on
progress payments, and an overall interest of – $7.50, which verifies the previous result. Note
that Equation 9 provides direct interest per period only, which must be added to yield its total.
z  y in t  i 1 2  z  y      z  y  1
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Figure 4b: Payments
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Figure 4c: Balance

Singularity functions can thus model various financial constraints and create equations for
all steps in financial transactions, at single points in time or for ranges across time. The costs,
bills, retainage, payments, released retainage, and financing, as well as bonuses or penalties,
liquidated damages, credit limit (z(y) of a constant negative value), and other phenomena can
all be expressed with the same integrated mathematical expression (Lucko, 2011). This has a
number of significant advantages, including that (a) all elements can be directly derived from
a minimum amount of input values, (b) if needed they can be conditional with multiplicative
terms per Equation 1 that activate only if a condition is fulfilled, and (c) essential variables
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and their constraints, i.e. time, work quantity, resources, etc., can be linked seamlessly so that
construction project managers can plan, measure, and control them in a single holistic model.
5.3 Opportunities for integrated and automated constraint modeling

While computational effort to calculate starts and finishes is proportional to the number of
activities and links in a schedule, evaluating its possible permutations will create a significant
computational complexity. This may negatively affect the speed of running algorithms on the
software side, e.g. for scheduling, and consume energy on the hardware side, e.g. in modern
mobile computing devices. Singularity functions provide an integrated model wherein time,
work, and cost can all be written as the same type of mathematical expression. This provides
opportunities toward seamless conversions and transformations between them, modeling and
studying their interactions in sensitivity analysis, and serves as inspiration for treating other
variables in an analogous manner. Singularity functions can easily be computerized as IF
statements. The approach presented in this paper reduces the number of temporal constraints
that are required as scheduling input and simplifies them to sequence information, as exact
link types and lead or lag durations emerge as output in the linear schedule analysis. This is a
step toward automating the creation of constraints in computer representation of construction
projects. It can also allow streamlining algorithms that perform solution or optimization tasks.
6 CONCLUSIONS

Temporal and financial constraints reside at the core of the planning and control tasks that
construction project managers must perform. It is therefore very desirable to reduce or even
eliminate the effort in creating and handling them. Singularity functions applied to the linear
scheduling method are providing a novel approach to efficiently model constraints. Such a
representation can to some degree reduce the combinatorial explosion that would be caused
by (a) using an unsuitable representation that leads to an excess of constraints that have to be
included, and (b) evaluating the multitude of permutations how the project can be performed
in practice. This approach could also support novel computational strategies. Future research
should therefore explore if and how computational efficiency can be improved by integrating
singularity functions that can express different types of constraints with modern algorithms.
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Abstract. Planning and scheduling are considered as one of the most difficult but most important
processes from perspectives of project management. These processes involve implementation of a widerange of planning methods used by different organizations with various levels of planning knowledge. The
planning methods for scheduling can be classified as traditional methods (e.g. line of balance, Gantt
chart and critical path) and modern methods (e.g. last planner and critical chain). Over time these
methods had advanced from paper based to computer based. However, some project planners still prefer
using the traditional methods despite other new alternatives. Users of those methods have different
perspectives about the efficiency and effectiveness of the different planning methods used to manage
different projects. Evidences from the secondary data found from extensive literatures have been used to
assess the planning and scheduling methods mentioned above. A taxonomy describing each of the method
in terms of their theories, key features, application areas, benefits and limitations is presented. The
preliminary outcome of this paper may provide a tool to aid organizations in selecting and prioritizing
the most appropriate methods to be developed and implemented in planning and scheduling of their
projects. It also initializes a theoretical base for more rapid taxonomy studies on the use of different
planning and scheduling approaches. As an overall, the present paper reminds practitioners of common
ground about its important insights on how such taxonomy studies have potential to make scope of those
methods and tools clearer, especially when they compare among them within the same application
contexts.
KEY WORDS: construction process; planning methods; scheduling; taxonomy; project planners;
planning knowledge

1 INTRODUCTION
Planning and scheduling of construction projects is one of the most important tasks in
engineering projects. Planning is defined as a set of ideas and visions that sets all the project
inputs and requirements and factors that may affect the course of actions of the project in
execution relation to each other (Haugan, 2002; Kerzner, 2009). It is advocated that insufficient
resource coordination in the planning process leads to inaccurate schedules (Mikulakova, König,
Tauscher, & Beucke, 2010) . Scheduling is a complementary process to the planning process and
it is being as a major task in construction projects (Bin, 2007; Project Management Institute,
2004). Additionally, planning methods and tools are also used in the implementation and control
of the scheduled plans established in the operational planning process. The planning and
scheduling tools used in the development of construction schedules may vary from traditional
approaches-based non-deterministic networks to modern approaches-based statistical software
models. In this regard, It has been argued that modern project management has involved the
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arrival of professional schedulers as well as integration of traditional methods into available
computer software (Azzopardi, 2006; Weaver, 2006).
The planning and scheduling tools and methods both within traditional and new approaches
are proposed to aid project planners in targeting their projects to make better optimizations of
their decision making (Harris, McCaffer, & Edum-Fotwe, 2006) . However, it can be argued that
implementation of planning methods might be limited by both knowledge and philosophy of the
organization where those methods are adopted.
Despite new planning and scheduling tools and methods such as critical chain project
management (CCPM) and last planner system (LPS) are already developed and integrated into
the market of construction industry, practitioners and planners of those tools still have different
viewpoints on the continued use of other traditional tools and methods such as Gantt chart (GC)
and CPM/PERT. This because they may find the applicability of traditional tools and methods is
more suitable for certain construction projects and production processes; in terms of ease of use
as well as in monitoring and control of the schedule (Yang, 2005). In this respect, projects
managers and schedulers have been requested to adapt to required changes in their projects
schedules based on base-line situations of previous executed projects (Mikulakova et al., 2010).
Moreover, it can be argued that without knowing much about the merits of the chosen methods
and tools many projects will fail in achieving timeliness of delivery in accordance with the
original planned schedule (Shash, 2006).
Based on the arguments above, a taxonomical framework of the current tools and methods
used in the planning and scheduling of construction projects, both traditional and new methods,
would be beneficial. In the essence of previous literature by Bin (2007), investigations of
available scheduling methods and techniques could enhance their practical performance.
The research presented aims to provide a taxonomy framework on the current practice of
commonly adopted methods in the project planning and scheduling process. This study may also
aid all parties involved in the process of construction planning and scheduling having adequate
perception about the key merits and pitfalls of the planning tools and methods and thus allow for
more in-depth understanding of those tools and methods.
2 SIGNIFICANCE AND BENEFITS OF THE STUDY
An in-depth study of previous research revealed that no comprehensive management literature
found on the taxonomy of these methods in terms of their methodologies, key features, benefits
and limitations. Therefore, a taxonomy study on the current practice of planning and scheduling
tools and methods may achieve the following benefits.
 Description of the key characteristics of the different planning scheduling tools
 Highlighting current shortcomings and potentials of underlying concepts for each planning
tool and hence makes scope of their implementation clearer
 Initialize a conceptualization theme for more rapid studies on the taxonomy of planning and
scheduling processes.
3 RESEARCH METHODOLOGY
This research study is conducted based on review and analysis of previous research, both
theoretical and empirical. It is argued that little attention was given on the use of secondary data
of previous studies as a beneficial method in resolving difficulties that have been encountered by
researchers in gathering of primary data (Cowton, 1998). Moreover, knowledge map search
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methodology-based construction scheduling found in Bin (2007) is used as a guideline in
gathering of the data. The methodology of this study is shown in figure 1.

Figure 1: Methodology of the study

4 TAXONOMY OF PLANNING AND SCHEDULING METHODS: THEORIES AND
METHODOLOGIES
4.1 Overview of the taxonomy
Taxonomy was initially defined as the science of species identification and classification from
the biological point of view (Du Rietz, 1930; Fox, 1988). Thereafter it was adopted for some
specific needs, for instance, Bloom (1956) introduced a cognitive taxonomy of educational
learning domains which was categorized the six main stages: knowledge, comprehension,
application, analysis, synthesis, and evaluation. In its entirety, mastery of these categories in a
hierarchical frame from the simple one to the more complex one would allow most frequent
users to realize the lacks in their breadth, hence allow them to recognize them better (Anderson
& Sosniak, 1994; Krathwohl, 2002). Nevertheless, in general context of the management theory,
an early perspective defined the term taxonomy consisted of three major components (Laufer,
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1968): (1) classification,(2) nomenclature, and (3) identification. And things were classified on
two bases: (1) contiguity, and (2) similarities. In addition, Tsui, Wang, Cheung, and Lau (2010)
advocated the taxonomy as the initial step or modal allowing for an organization to make their
information available in an efficient and understandable way to its customers as well as its
employees. Nowadays, apart from the original core subjects and sub-subjects of the taxonomy
term, it can be argued that there are various definitions of the term taxonomy based on the nature
of source where it is utilized.
In the context of construction management, there was no indication or presence of previous
studies concerned with the classification or taxonomy of the major components of construction
processes, in particular the planning and scheduling theories and methods. Only few researchers
have initiated the concept of the taxonomy, and then to identify problems in construction
industry practice such as change orders causes and effects (Sun & Meng, 2009). Thus, it can be
increasingly argued that taxonomy of the construction processes have the potential to be used as
a tool for mapping all inputs of construction projects.
Evidences of the literature used in the study clearly indicated that there were significant
variations among different scheduling approaches in terms of their capacity, input resources and
statistical aspects in handling different projects of specific nature with varying properties of
activities. The planning and scheduling methods covered by this research were studied
taxonomically based on the following criteria:
- Theoretical background (historical and conceptual view)
- Key features (opportunities of underlying concepts and implementation theories)
- Application areas (adoption and suitability)
- Benefits and limitations (potentials and drawbacks)
Underline fundamentals of (Laufer, 1968) taxonomy frame was considered as a guidelines base
used to design taxonomy of this study in which the planning methods were classified into two
categories as traditional and modern approaches; Underlying theories of planning methods were
identified based on aforementioned criteria and also their contiguity and similarities were
distinguished.
5 APPLICATION OF THE TAXONOMY-FRAME USED IN THE STUDY
The planning and scheduling methods used in the study are evaluated based on the taxonomy
framework illustrated above. Those tools and methods were selected as they are commonly
adopted by the construction industry as articulated in many publications.
5.1 Gantt chart (GC)
Since its first inception by the mid-1920s, Gantt chart has been introduced as a production
planning tool, but it was not adopted for wide spreads use in managing construction projects until
1980s (James, 2003). GC network is formulated by a horizontal bar representing a time-scale of
the project activities showing start, end and duration of each activity based on either absolute
time or relative time to the beginning of the whole project (Whitty & Maylor, 2009) . GC is now
integrated into standard software (i.e.MS, Spreadsheet) and combined with milestones for
remodeling of large projects, for example, health care systems (Centre, 2010). On the other hand,
there was no clear indication about unique features of this tool, however, GC was proposed as a
good visualization tool to reassess the project planning phase prior to the activities scheduling
(Wennink & Savelsbergh, 1996). Beside this, GC has showed some benefits and limitations.
Gantt chart was credited as a good tool for monitoring small projects in-progress schedule (Wei,
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Liu, & Tsai, 2002) and it was used as a simple graphic aid tool for stochastic CPM/PERT
approaches . In contrast, two of its main reported limitations were: (1) Gantt charts are
insufficient and unsuitable in multi-elements projects because it was not able to identify logical
dependencies nor recognize delayed elements from un-delayed ones (Centre, 2010; Harvey,
2001; Nicholas & Steyn, 2012a; Whitty & Maylor, 2009) and (2) It does not show intensities of
activities nor their resource and performance (Bokor, Kocsis, & Szenik, 2011).
5.2 Line -of- Balance (LOB)
LOB was invented by the manufacturing industry in 1940 and then developed by the US
navy in 1942 for diagramming their projects with repetitive tasks (Neale, 1994). It has been
mainly used to monitor the operational time and the schedule of resource relationship of a set of
activities in linear sequences (Georgy, 2008). On the other hand, no unique features are
accredited with the use of this tool, however, it has been argued that underlying theories of LOB
have potential to be developed and integrated into large construction projects especially those
based on the concept of lean ideas (Arditi, Tokdemir, & Suh, 2001). Previous research has found
LOB to have some benefits: (1) it is much better for planning multi-story buildings with
repetitive tasks even better than CPM (Mendez & Heineck, 1998), and (2) it combines duration
rate and production rate in the same graphical format (Arditi, Tokdemir, & Suh, 2002) that allow
even flow of the schedule activities balanced with speed of efforts needed to be compatible with
the objectives of the project plans. On the other hand, one of the predominated limitations with
current concepts of LOB is its inefficiency in the planning for non-linear activities in large
construction projects as it does not take into account the activities resource leveling (Al Sarraj,
1990). In the latest developments on LOB, practitioners have proposed algorithmic models for
resolving conflicts of resources leveling and relationships in small-sized schedules (Agrama,
2011; Long & Ohsato, 2009).
5.3 Critical Path Method (CPM)
Since its initial introduction in 1957, CPM has been classified as traditional scheduling tool
providing a theoretical master schedule for the progress of the project activities (Kelley Jr &
Walker, 1959; O'Brien & Plotnick, 1999). Recently, it used as a tool for predicting the activity
time-cost trade-off particularly those with critical or longest paths (Nicholas & Steyn, 2012a).
CPM has been developed based on PERT concepts and both methods have developed in parallel
and they both shared the same planning theory (Wei et al., 2002). Nevertheless, the main
distinction among the two techniques is that PERT has converted CPM single time estimate into
three time estimates based on probabilistic-distribution (Main, 1989). In this respect,
combination of CPM with PERT could make the best statistical computation for the project
completion time (Yamín & Harmelink, 2001). Furthermore, CPM has used the management by
exception theory that allow the project manager to focus more on deviation of activities from the
original plan (Main, 1989). As a result, this leads to limit the project management focus on
critical things only, therefore, may allow non-critical activities to become critical (Nicholas &
Steyn, 2012b) .
CPM has been found to have following benefits: (1) CPM shows the logic of interrelated
activities with critical paths which to be resolved first in the project network diagram (Nicholas
& Steyn, 2012a) and (2) in small projects-based resource constraints, CPM is found a good
heuristic method that implements priority rules for activities with minimum total floats (Ming
2003) . In contrast, CPM limitations are: (1) CPM does not focus on time resource allocation and
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consumption of non-critical activities (Nicholas & Steyn, 2012a) and (2) CPM does not focus on
the inherent uncertainty of the project activity duration and hence it is not suitable for multitasking projects (Winch & Kelsey, 2005); new heuristics tools or algorithms have, though, been
developed for overcoming CPM activity-based time constraints (Guerriero & Talarico, 2010).
5.4 Program Evaluation and Review Technique (PERT)
PERT was invented in parallel with CPM, however, it was produced as a computational
method to estimate time of critical activities based on probabilistic randomness (Mongalo & Lee,
1990). In addition, it was advocated that the initial PERT did not take into consideration any
project cost issue (Azzopardi, 2006), however, it is a powerful technique to understand the
critical paths of any project-based CPM network (Zhu & Heady, 1994). PERT uses three time
estimates for computing and predicting of project time uncertainty based normal distribution, and
then PERT is integrated into network simulation techniques such as Monte Carlo that allow to
avoid uncertainty with PERT assumptions estimates (Nicholas & Steyn, 2012b). Latter
applications of PERT are adapted by other organizations-based project management such as
operational management, production and engineering management (Zhu & Heady, 1994).
PERT key features may fall into its potential to be used as a network model for scheduling and
control of any project as well as to make a trade-off between its time and cost (PERT, 2010).
PERT´s main benefit is its conceptual use of the term management by exception in which PERT
data applied by different means can be applied in schedule planning and execution (Jun-yan,
2012; PERT, 2010). This means that PERT classical parameters (i.e. variance, mean) are still
displayed by popular research domains such as operations research (van Dorp, 2011). However,
this is limited with its concepts-based biased assumptions for estimating the completion time of
the project activity that are not based on actual distribution, moreover, PERT assumes that
activities are independent which do not allow for any transfer and share of resources from noncritical activities to critical ones (Nicholas & Steyn, 2012b).
5.5 Last Planner System (LPS)
LPS has been adopted as a lean production–based project management planning and
production control tool. It is proposed as a lean control tool for justifying the reliability of works
flow in the construction project (Ballard, 2000). In the context of construction projects, LPS is
mainly used to manage the planning phase of the construction sites as it involves many inputs
and deliverables (Harris et al., 2006). Current LPS is used as a collaborative and processesoriented tool for managing and promoting inputs and commitments in the delivery of design and
production of construction projects (LPS, 2012). In this regard, the key feature of LPS is its lookahead planning principle that make LPS system concentrates on the works flow toward the
closing phase of the projects taking into account all internal and external inputs (Ballard, 2000).
This feature can make LPS easily combined with other techniques such as critical space and
critical path method for the assignment of the schedule quality planning in the project process
(Winch & Kelsey, 2005).
LPS has received some benefits throughout its applications that are: (1) it is found to be a
good collaborative tool for managing project objectives, commitments and adding value to the
project work flow (Hicks, 2007) , (2) LPS helps in-site managers or the project team to organize
their own workloads plan and hence it minimize the potential for unsuccessful completion of
assigned activities (Harris et al., 2006) , (3) LPS reduces uncertainties and enables accurate
prediction for the resources allocation; and it improves staff learning process and training
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through its multi-communication channels among high skilled stakeholders (Kenley &
Seppanen, 2009). Despite these benefits, LPS has been found to have some potential limitations:
LPS is a lengthy approval procedure as well as a short term vision system that may lead to
inadequate project planning among a wide range of stakeholders inputs (LPS, 2012). It has some
difficulties with different commitments nature such as contractors, sub-contractors, suppliers,
designers and clients involved in the approval of project process plan (Lean Construction
Institute, 2003). Moreover, LPS look-ahead principle that mainly focus at the tracking phase
might report a late delay in the delivery schedule of the project production; LPS may not be
implemented properly when there is a loss in transferring of information among management
levels, especially during short-term planning of construction sites (Harris et al., 2006; Hicks,
2007) .
5.6 Critical Chain Project Management (CCPM)
Underlying theories of CCPM has been used widely by organizations-based project
management. And, it has been chosen to denote departure from the conventional method of
critical path (CPM). CCPM implementation is driven by the theory of constraints (TOC)
produced by (Goldratt & Cox, 1984). Network formulation of CCPM is represented by a longest
set of interrelated tasks in the project with leveled resources set of tasks through a network
activity by using buffer management (Leach, 2005), for the estimation of expected lower limit or
lead possible completion time of the project (Cerveny & Galup, 2002). In this regards, buffers
are used to protect any variability in the activity duration that found in traditional methods such
as CPM/PERT (Nicholas & Steyn, 2012b). CCPM is a holistic solution as it is used to look at the
project as a whole not on every individual task in isolation (Cerveny & Galup, 2002). In this
regard, CCPM holistic approach was used for recovering resource contentions and also for
managing and allocating buffers for scheduling both critical and non-critical project network
activities (Trietsch, 2005). CCPM was found to be a combined approach because it was
integrated from traditional methods (CPM), it was used to manage traditional project-based
constrained resources and it has potential to use as a project management tool in other disciplines
(Ming & Wuliang, 2009); this unique feature could make CCPM a management strategy
approach rather than a planning tool. Furthermore, CCPM has included tasks with resource
dependencies but not necessarily to be logical dependencies unlike CPM (Kendall, Pitagorsky, &
Hulett, 2001).
CCPM main benefits are: (1) CCPM eliminates traditional methods deficiencies by mitigating
and rearranging excessive resources or safety time with use of buffer management (Leach,
2011), (2) CCPM intends to plan buffers for time, capacity, cost, and scope by its practical
theory (Trietsch, 2005), (3) CCPM minimizes multi-tasking by setting priorities and avoiding
unintended behaviors such as work activities padding and synchronization (Herroelen, Leus, &
Demeulemeester, 2002). In regard to CCPM limitations, recent studies mainly concentrate on
inaccuracy and inadequacy of CCPM statistical theories in estimating buffers sizing, for
examples in studies by Gao, Feng, Wang, Feng, and Wang (2010) and Herroelen et al. (2002).
There are, though, some attempts for resolving buffer conflicts by integrating CCPM underlying
assumptions into new computer simulation models and algorithms see for example Xie, Yang,
and Lin (2010).
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6 CRITIQUE OF THE TAXONOMY FINDINGS
Findings from the study have highlighted good pointers on how different planning and
scheduling methods and techniques can be distinguished for more suitable applications. Clearly
argued that graphical characteristics of traditional methods (GC, LOB, CPM/PERT) make them
more applicable for managing projects schedule in its class using classical or standard software
embodied in organizations. In contrast, new methods (CCPM, LPS) have potential to get adopted
in more complex construction systems; they have been used as management approaches to
manage projects schedule-based constrained-resources. In the essence of the literature (Harvey,
2001), it was found that underlying theories of new methods are more suitable to be expanded
and developed, although, they may need cross-sectional experienced evaluation of their planning
and scheduling. Conversely, the study pointed out that traditional methods do not require any indepth understanding of their concepts; however, they are not capable for resolving beyond smallsized schedule problems. With regard to other aspects such as methods planning process and role
and control, it can be increasingly argued that traditional methods tend to focus more on the
execution stage of scheduling processes, indicating progression of the schedule in terms of
activity precedence’s relationships and its probabilistic time delivery. Moreover, performance of
operational plans using traditional methods have been controlled based on conformance
measures of schedules output to original schedules. On the other hand, new methods tend to
focus on all stages of the scheduling processes taking into account all project inputs and
deliverables from both internal and external projects environments. In addition, they have
intended to deliver schedules with correct consumption of resources and efforts.
Outcomes of the taxonomy demonstrated some potential and not the less some drawbacks
associated with applications of the planning and scheduling methods analyzed in the study. It has
been recognized that implementation concepts using traditional methods was much easier to be
understood by majority involved in the project planning and scheduling whereas that using more
modern methods was much stressing as they may be required more practical effort and qualified
team in both approval and implementation of their scheduling plans.
With regard to accuracy of the schedule estimate, project managers and planners tend to
assume low project risk over the schedule duration and hence lead to less precise estimates when
they use traditional methods. This may be due to less concern given by project managers about
resources leveling and contentions using traditional methods. As a result, those methods and
techniques were found not suitable for managing large and complex projects with high
probability of risks. Opposed to this, underlying theories of new methods assume high project
risk over the schedule duration and thus lead to more precise estimates as they take into
consideration all constraints and unintended efforts to be identified and mitigated prior to the
schedule development using those new methods. Consequently, they were viewed as more
sufficient tools in minimizing activities duration uncertainty, especially in multitasking projects
involving myriads activities and collaborative commitments.
7 CONCLUSION AND RECOMMENDATION FOR FURTHER STUDY
The objective of this paper was to try to clarify what was significance with underlying
theories of planning and scheduling methods investigated in the study. To achieve this objective,
a taxonomy-frame was conceptualized and implemented based on surveying of the extensive
literature. From the perspectives of the authors of this study, implementation of the taxonomy
frame makes and can make understanding and comprehension of planning and scheduling using
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the different methods more achievable. Moreover, the study has generated a theoretical base that
will be valuable for more rapid taxonomy studies, especially in areas of similar contexts.
Although this generated taxonomy may not add any significant contribution to the
enhancement of implementation processes of planning and scheduling using the different
planning methods, it initializes a good conceptualization tool for learning, investigating and
acknowledging the most appropriate planning and scheduling methods intended to be adopted in
different nature of construction projects. Based on the taxonomy outcomes demonstrated in the
study, some good lessons were learned.
 The use of planning and scheduling methods in their current manners cannot always
guarantee the success of the projects schedule. Projects planners and schedulers should
have cross-sectional knowledge on understanding, classification and prioritization of the
different planning methods. Because this will allow them to better assess suitability and
efficiency of those methods being used in their projects and thus place and implement
them better them in the most appropriate contexts.
 Despite that the study was limited to surveying exact literature; the outcome reminds
audiences of common ground research about its important insights into how different
practices of planning and scheduling methods are viewed in front of each other when
generating the taxonomy study.
 In a scenario of fast expansion and innovation of more planning and scheduling methods,
a taxonomy frame might be a demanding trend for all construction industries; exploring
suitability and reliability of different scheduling approaches that can allow for more
functional and dynamic projects.
Findings of this study were to be considered as preliminary in terms of its contribution to the
development context of planning and scheduling methods and techniques. Therefore, an
empirical study on the investigation of real practitioners’ perspectives and philosophies using
different planning and scheduling methods could be an amiable topic of further studies.
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Abstract. Designers in construction projects may not always able to meet their final delivery of
drawings for release to construction. The current practice in most construction projects is a due-date
scheme for all drawings, which is at risk of being plagued with late deliveries and quality below par
seen from the construction site. To manage this situation with the continuing use of traditional
planning and scheduling tools seems futile. This is the rationale for presenting a new idea with a
corresponding tool captured during action research on design management and the use of
performance measurement as a tool for the design manager. The research is based on qualitative
studies and action research in five projects. During the research, the need to manage the
implementation of the buildability in combination with the completion and quality work required for
drawings was addressed. This resulted in a procedure combined with measurement of each action and
is described in this paper.

KEYWORDS: design management, performance measurement, concurrent engineering,
design-construction interface
1 INTRODUCTION
The issue addressed in this paper is the general issue of designers in construction projects
not being able to meet their final delivery of drawings for release to construction. The current
practice is a due-date scheme for all drawings, which is often plagued with late deliveries and
burdened with a quality below par. The former problem stems according to Reinertsen (1997)
from the misconception of a stochastic distribution of the design deliveries around the
delivery date. He continues to discuss the situation in real life, where the designers spend all
resources prior to the release date, hence leading to a systematic lateness in the completion
date. Reinertsen (1997) emphasises that this leads to quality issues in regards of late arrival of
drawings to the construction, lack of integration, and errors or poor buildability. The latter
problem of quality below par, is described by Alarcón and Mardones (1998) as:



Poor design quality in the design material, leaving those that should carry out the work
without the necessary information or are provided wrong information to do the job.
Lack of design standards, causing loss of efficiency in the construction phase
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Lack of constructability embedded in the design material, causing loss of efficiency in the
construction and potential building faults embedded in the building.

These issues was confirmed as a part of the findings in the research covered in Kristensen,
Andersen and Torp (2013), where the development of a performance measurement system for
the building design manager was central. This research developed a comprehensive tool
enabling the design manager to control and govern the design process in a more proactive
way than merely using traditional project management methods. The research resulted in
testing of parts of the system, focusing on the final stage of the design process which ends
with the hand over of design deliveries into the construction process. Three indicators were of
particular interest, and are presented in Figure 1.
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Figure 1 - Three indicators tested (Kristensen, Andersen and Torp, 2013)

The findings indicated a low ability to react on the low percent plan complete (PPC)
measurement of the fulfilling of design issues, leading to a low ability to deliver drawings
according to the due-date schema (as shown by the timeliness schema), ending in high scores
in the request for information (RFI) schema. The performance indicator system was
confirmed as functional, however the design mangers did not react on the early warnings the
system provided. The results of this research represents parts of the answer to Ballard and
Koskela’s (1998) call for a more transparent design process. The results do further address
how to effectively satisfy one of the seven preconditions for construction (here design
material) as described by Koskela (1999). It is clear the critical transition phase between the
design process and the construction process is not efficiently handled by traditional tools and
early attempts of only measuring the performance of the process in general. To manage this
situation with the continuing use of traditional planning and scheduling tools and only
lagging indicators in this senses, seems futile.
This is the rationale for presenting a new idea with a corresponding tool. Authors such as
Vanegas and Opdenbosh (1994), Staub-French and Khanzode (2007), Chen, Reichard and
Beliveau (2008) and Khanzode, Fisher and Reed (2008) approaches these problems with the
use of virtual design and construction technologies and find clear benefits by the
implementation of these tools. However the dimension of the design deliveries (2D, 3D to
xD), the design and construction industry has to understand the basic process of finalizing
traditional design material (drawings) in order of evolving into more sophisticated tools. This
is in line with the advice of Davis (2006), who states that without the solid ground of
understanding your basic procedures, you are guaranteed to stumble in your ascent on the
evolution ladder.
This paper seeks to present a new idea addressing the basic procedures in the designconstruction interface. The idea was captured during and after the action research presented
in Kristensen et al. (2013). The research of this idea is based on qualitative studies and action
research. During the action research in the projects, the need to manage the implementation
of the buildability in combination with the completion and quality work required for
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drawings resulted in a procedure combined with measurement of each action. The paper
seeks to describe these procedures and report on the findings from their initial testing.
Having described the problem area as a backdrop, discussions in literature is necessary to
present, adding the findings in previous published literature and unresolved issues to the tools
and methods presented in this paper.
The due-date problem described in literature
Drawings, or construction design, are one of the seven preconditions for a construction
task (Koskela, 1999) and thusly one of the key stones to lean construction Traditionally, and
reported as a problem in many projects, the drawings occur as a delivery at the end of the
design phase, and are in general late, error-prone, and not implemented in the construction
team that uses the drawings as a production utility (see Alarcón and Mardones, 1998; Pulaski
and Horman, 2005; and Assaf and Al-Hejji, 2006) . The overall reason for the due-date
delivery problem is explained by Reinertsen (1997) as having its roots in the general
variability of the design process. The design process described by the ‘Eureka model’ in
Male, Bower and Aritua (2007) or by the ‘the waterfall’ by Conklin and Weil (1998) is in its
presentation a linear, smooth and logical process. The problem with variability is eloquently
explained in Conklin and Weil (1998) ‘earthquake’, and is a representation of how designers
fluctuate between problems and solutions.
The fluctuations of the real problem/solving design process represents the variability of
design, and generates waste in the design process, as explained by Koskela (1992). In
addition to the inherit variability of design, Reinertsen (1997) argues that the way that the
nature of design is described does not fit with the practical world. He refers to the classical
interpretation of design where design continues its search for design solutions that is
satisfactory, while admitting that this probably is not the perfect solution for the client.
Adding to the confusion, there are differences between incremental design and radical design
(e.g. Verganti, 2008). Whereas incremental design describes design tasks performed with
known components in a new but traditional assembly, radical design is concerned with the
innovation of products, process, and function. Most design assignments consist of elements
of both incremental and radical design, adding to the variability of the overall outcome. In
addition, there are inherit problems in the design, which Conklin and Weil (1998) have
named ‘wicked problems’, that also contribute to waste in the design process. One of Conklin
and Weil’s descriptions of a ‘wicked problems’ is where the problem-solving process ends
when you run out of resources. Reinertsen (1997) states as well that in the real world the
design efforts stop when the designers run out of time and results in delivery problems.
Reinertsen (1997) explains the difference between the theoretical and presumed behaviour
of deliveries from the designers, and a representation of what in most cases is the actual
delivery behaviour. The theoretical completion date has its roots in planning, and the purpose
of planning is to analyse and determine the duration of the project. This is basically solved by
the use of various network models with internal dependencies (Vatn, 2008). Vatn states that
the duration of the activities in the plans should be described by probability distribution
functions. This leads to the argument that the end result of the described activities is
dependent on the actual duration of the tasks. These arguments support the theory that the
design deliveries should have a stochastic distribution around the agreed due-date. However,
in real life, the deliveries are seldom on time but are rather late (and with quality defects).
Reinertsen (1997) explains this by citing the experience of engineers and architects, who stop
designing when they run out of time. This leads to further delays and the decay of the time
schedule.
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As mentioned in the inception of this paper, Alarcón and Mardones (1998) effort to
address the three main problems in the design-construction interface, describes the quality
issues brought forward in our research. Alarcón and Mardones (1998) presented a
methodology to improve the design quality, and states:
 Supervision of the design process by construction companies
 Coordination of design through a logic sequence of information transfer
 Standardization of design information to avoid emissions, errors and continuous changes
 Control of the flow of information.
These suggestions have overarching consequences of the entire building process.
Supervision requires a integration of the contractor during the design, (preferably after the
recommendations of Pulaski and Horman, 2005). Coordination is a part of all design
activities, but the problem of the clients volatile requirements (a problem described by
Conklin and Weil, 1998), and the difficulty of managing the clients brief (See Blyth and
Worthington, 2010), the internal coordination of the design team is affected by the external
coordination, starting with the client, and continued with the contractors. Standardization of
design information is a fundamental challenge in a fragmented and decentralized building
industry. The control of the information flow is imperative, and is confirmed as a success
factor by Tribelsky and Sachs (2010), Sachs, Koskela, Dave and Owen (2010) and Manzione,
Wuse, Sachs, Berlo and Melhado (2011). The efforts described by the latter authors’, require
extensive recourses. These are normally not available for the ordinary project, or design
manager. We think it is safe to say that the recommendations of Alarcón and Mardones
(1998) has not permeated the building industry, and the troubles of a poor designconstruction interface still exists.
The question to pursue in this research
The probable cause and the appurtenant challenges of late deliveries and quality
deficiencies have its basis in literature, and were initiated in previous mentioned research by
the authors. The challenge was met during the action research process deployed to solve these
issues, by developing a system and procedure for controlling the due-date problematic. This
new idea requires a specific research question in order to give rigour to the research: What
procedures are sufficient to address and redeem the delivery due-date problem, and what
effects will their use have on the quality, timeliness, and implementation into production?
METHOD
To address this research question with a suitable research methodology, it is important to
identify the nature of this research. The basis of the question is theory building, but has its
point of departure in applied research methodology. According to Easterby-Smith, Thorpe
and Jackson (2008), theory building may lead to the notion of pure research which in its
nature neglects practical implication. This is not the case in this research. Morrison and
Morgan (1999) do however argue that models (the procedures in this sense) are supposed to
‘mediate’ between theory and experience. The ultimate building of theory requires close
collaboration with the study subjects, and in return requires an action research approach. The
approach followed in this research, is explained by Greenwood and Levin (2007) as
consisting of action, research and participation. They further argue that action research is not
applied research, as it does not distinguish between the pure or applied directions of research.
Greenwood and Levin’s position is that action research is the only way to generate and test
new knowledge. The research following the presented research question was conducted in
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close collaboration with stakeholders, and thus falls into the category of action research. The
development process of the research and its action research process are shown in Figure 2.

Inital test project
- development of
performance
measurement
system
- discovering
communication
deficiency in the
transition between
design and
construction

Second test
project

Action research process

Input
- development of
the initial
incremental duedate schema
- initial testing and
feedback

Transformation

- refinement of the
IDDS
- planning
- implementation in
three projects
- initial testing
- feedback

Output
- results
- changes in
behaviour
-data gathering
- measurement

- action
- learning process

Feedback
loop A

Feedback
loop B
Feedback loop C

Figure 2 - The research process, parts based on Lewin (1958)

The first process-box Figure 2 indicates the inception of this paper, where performance
measurements were introduced as a tool for the design manager. The initial research initiative
was performed in the Norwegian project ‘Kunnskapsparken’ in Trondheim, Norway. The
project was part of a hospital, approximately 15,000 m² with procurement system inspired by
Integrated Project Delivery. The general contractor had the responsibility for design in a
traditional Design-Build contract, and the project had two design managers. When we entered
the project, it was at the inception of the detailed phase of design. The case was selected
partly because of its complexity, partly due to its progress in the design process and most
importantly; the design managers were willing to undertake testing of the performance
measurement system. The performance measurement system was confirmed as functional,
however an unintentional phenomenon were discovered during its use. The phenomenon was
in general quality issues in regards of late design deliveries which were partly perceived as
erroneous and unsuited for construction. This indicated a lack of communication in the
transition between the designers and the construction and constituted the inception of this
particular research.
To proceed this research initiative of a dysfunctional design-construction interface, we
selected additional test projects which performed ‘cooperative design’ (see Dumas and
Mintzberg, 1991) and ‘concurrent design and construction principles (see Bogus, Diekmann
and Molenaad, 2002) to develop tools, test and undertake research to projects facing these
problems in real life.
The second process-box indicates the analysis of the results and the creative work of
developing and testing the incremental due-date schema (IDDS) in the second project. The
results from ‘Kunnskapsparken’ project were presented for the project organisation in ‘Statoil
Sandsli’. The latter project was the expansion of the headquarters of Statoil, and consisted of
offices and on-shore control units for the off-shore platforms. The contractor had the
responsibility for design in a traditional Design-Build contract. When we entered the project,
it was at the inception of the detailed phase of design and the time available to finalize the
design before the construction start up was considered very short. The design managers called
upon our help, and were willing to develop new procedures and test these out in their project.
The case was selected on our part partly because of its complexity, partly due to its progress
in the design process and most importantly as in the ‘Kunnskapsparken’ project; the design
managers were willing to undertake development and testing of the new procedures in the
final stages of the design process. The development of the initial IDDS was developed in one
creative workshop where the design managers, the procurement manager, the project
manager and the researchers were present. The consensus of this workshop was that the
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defined procedure was a logic description of what should be done in order of finalizing the
drawings and implementing them into construction prior to its release. The challenge which
was addressed was the initial acid-test of the system, namely the response of the designers in
the project. In the aftermath of the workshop, the procedures were described in detail, and the
proper forms and schemas attributed to the IDDS-system were finalized. The next step of the
development was the development of the first version of the actual IDDS with the design
deliveries of the designers in the project. The feedback from the designers was a unanimous
acceptance of the system, and the only feedback and comment on the initial version of the
IDDS, was related to the dates which were presented. This response led to unison and agreed
upon development of a consistent IDDS, confirmed by both designers and the construction
team. This version did not implement measurements as a part of the system.
The third process-box indicates the action research process in the three final test projects.
Prior to its implementation, the incremental due-date schema was enhanced by the three
design managers in the projects with implementing measurement points for all deliveries in
the schema. The general whish was to improve the reliability of each delivery with the use of
performance measurements as a motivational factor. The three projects was all design and
build-projects where Skanska Norway had the responsibility from the detailed design phase
until hand over of the building. The three projects was a fire-station, commercial store and a
residential building. Their size spanned from 2270m² to 4500m². The advantage of selecting
three projects in Skanska was the fact that the general procedures, the practice and the
training of the projects participants is similar, leaving the little room for variation of systems
and expectations over the three projects. A potential pitfall of selecting four projects from the
same company (Skanska) is the potential lack of generalizability across the building industry.
As a part of the action research process, Yin’s (2009) guidelines for validating quality has
been used to verify our findings and meet the challenge of generalizability. All projects were
motivated by the research initiative, and were open to undertake the additional work of
participating in action research. As Figure 2 indicates, the action research process was
performed in all three projects, with implementation meetings, observations and feedback
sessions. At the end of the projects, interviews of the design managers were performed to
document their perception of the benefits of the IDDS and challenges which remains to be
solved.
RESULTS
The following subsections will show the results in the order indicated in Figure 2, starting
from the stage understanding the problem – leading to the development of a new tool. The
final subchapter presents the results from testing the incremental due-date schema in three
projects.
Understanding the problem
The results presented the pilot project documented in Kristensen et al. (2013) showed
primarily the outer layer of the problems disclosed by the performance measurement system.
The unstructured flow in the PPC schema combined with its low score was an early warning
on the troubles which emerged at the end of the design process. The troubles emerged in the
low ability to deliver on-time and the high score on the request for information. The low
scores on the timeliness and the troubles that emerge from this need no further explanation.
However, the information behind the presented scoreboard on the RFI contains more
information which is worth presenting. The actual registration on each total score on the RFI
score was sorted after the categories presented in Figure 3.
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Figure 3 - Distribution over five categories of RFI

The feedback from the scoreboards resulted in meetings between the designers, design
managers and the foremen from the construction site in the project ‘Kunnskapssenteret’. The
discussion in these meetings revealed that the two prominent RFI-issues, missing material
and design errors, represented in reality other problems than what the measurements said.
The registered missing material was only in a few cases a negligence of the designer. The
cause behind the registration of missing material was more that the construction site had not
found the needed information or they presented need in the design material which was not a
part of the requirements of the designers. Continuing into investigating design errors, a few
errors were found. However, the majority of the registrations were due to the situation that
the construction site preferred another production method than what the design material
indicated. The conclusion in this aftermath was that the design material was not as deficient
as initially perceived, but the culprit of the situation was missing communication between the
designers and the construction site. All in all, all RFI’s registered represents a hinder for one
or more progress front. This in the combination of the notorious problem of late design
deliveries constitutes the development of a new tool focusing on the transition between the
design process and the construction process.
The development of a new tool
The tool which was developed in the second project ‘Statoil Sandsli’ had the intention of
controlling the information flow at the last stage of design, the intention of securing the
proper quality checks of the design material, implementation into the construction teams,
combined with the timeliness of each design delivery. The concept of quality was in this
sense challenged in the sense of presenting and emphasising the interdisciplinary
responsibility of the process of finalizing the design material into a proper production
prerequisite. The final procedure was developed and combined with the traditional due-date
schema.
Table 1 shows the principal system of the incremental due-date schema and the procedural
steps are explained Table 2. Due to the wide format of the schema, the example only shows
the first two steps of the procedure.
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Table 1 - Example of a due-date delivery schema

Table 2 - The procedural steps of the incremental due-date schema
Steps

Responsible
person

Actions

Necessary
clarifications

The designer

Designers shall, at this point, highlight all clarifications needed from the client,
contractors, and suppliers to develop finished drawings

Deadline for
information input

The design
manager

The design manager shall provide clarifications that have been notified as required
by designer

Production
material draft

The designer

The designer shall produce a draft of the production material subject to contract –
where all clarifications are addressed

Quality control

The design
manager

The designers shall control the design material according to the agreed level of
control. This includes a quality check performed by the contractor. The design
manager has the overall responsibility.

Production
material ready

The designer

The designers should modify and adapt their design material as a result of the
quality control performed by the contractor

Start of
construction

The design
manager

The design manager will ensure that production starts with the right production
drawings, and follow-up of RFIs

The results from testing the initial incremental due-date schema
The procedure developed in the project ‘Statoil Sandsli’ was followed, and the delivery of
design output was according to plan over the whole concurrent process. This implies that the
procedure contributes to higher quality and higher reliance on delivery on the due date. The
tracking of RFIs resulted in an efficient process whereby the construction site collaborated
with the designers, leading to a quick solving of discrepancies found at the construction site
prior to the critical path for efficient production.
The results from testing the incremental due-date schema in three projects while
performing action research
The three projects showed a various ability to deliver after the consensual IDDS. The
overall numbers are presented in Table 3, and do show the quantitative results of each
measurement point.
Table 3 - The qualitative scores for the three projects
Project

Necessary
clarifications

Project B-8
Project TRBT
Project Rema

100%*
N/A**

Deadline for
information
input
100%*
N/A**

Production
material draft
96%
68%

Quality
control
Designer
44%
N/A

Quality
control
Construction
99%
100%

Production
material
ready
71%
26%

59%*
43%*
83%
5%
2%
68%
* Only a few design deliveries were subject to measurement, hence the value of these measurements is not comparable for
the rest of the results which measured the total set of deliveries
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** The clarifications was solved as a list of issues and not a part of the IDDS

The ability to deliver timely did in addition vary over each participant in each project, but
is omitted here since the learning from using the tool provides the valuable information over
unsuccessful attempts at reaching the delivery dates.
The results in Table 3 require further explanation. The rest of this subsection presents the
lessons learned from analysing the process parameters from the various steps in the procedure
(described in Table 2), and is presented in Table 4.
Table 4 -Process parameters of the action research
Tool:
Ability to predict
information needs for the
designers upfront
Resolving the need for
information
Ability to deliver drawings
for control
Interdisciplinary control
performed by the
designers
Quality meetings: duration
and participation
Ability to deliver
production drawings
according to plan
Control over planned
revisions
RFI from production

Lessons learned
The findings varied. The design managers identified this as a necessary precondition for
achieving complete drawings.
The necessary information was generated quickly and addressed efficiently.
The performances varied between the projects. Most designers met the expectations, but two
projects were troubled with late deliveries.
The level of interdisciplinary control and the control of the design manager showed
disappointing results.
Two projects performed quality control meetings satisfactory, but not the Rema project.
The performances varied between the projects. B-8 was an ideal project to learn from. TBRT
had difficulties stemming from the change of designers, affecting the ability to deliver, which
in turn affected the overall performance. Rema was not able to deliver. These results were
predicted from the early warnings about the ability to deliver control drawings.
Given the need for planned revision, tight control seems obvious but is difficult to govern.
The level of RFIs on these three projects was low. However, they related to the production
teams’ ability to solve problems, since not all errors were eliminated.

In addition to the findings documented in the process parameters in Table 4, the additional
cost of employing the tool was evaluated. The design managers reported additional effort to
develop the plans, and deal with dates and the general implementation of the system initially.
Another additional cost was the time spent following the system up. However, after using the
system the design managers reported that this additional cost was worth wile since it has
saved time and increased the probability of due-date deliveries. The general comment after
using the tool was registered. The design managers claimed that the tool was a missing link in
the knowledge and toolkit of the design manager. All of them planned to continue using the
system. The use of this system would result in extra effort at the inception of the project, but
would be more than compensated by a more stable design management process and a more
stable production process. The final summary of the findings are presented in Table 5.
Table 5 - Results and efficiency of the action research
Parameter
Cost of quality (defects and
deficiencies)
Efficiency of the production

Change in cost/time to answer
questions from production

Lessons learned
The structured control of the contractor proved efficient and reduced the cost of quality;
neglecting this leads to increased costs.
The three projects had three different outcomes. Drawings delivered on time contributed
to successful procurement and production. Lateness might not have affected construction
but at least affected procurement and ultimately the contractor’s profit. Lateness and the
neglect in finishing the design process led to inefficient and costly production.
The quality checks of the three projects seem to have been efficient and did not generate
grave mistakes leading to cost overruns.
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DISCUSSION
The end of the action research process left us with a lot of impressions to consider. To
evaluate the effectiveness of the IDDS is difficult, since we did not observe or document how
the construction teams met their challenges. In addition, other obstacles than the design and
the timely and correct deliveries affect the efficiency of the construction site. We did not in
this research effort measure how late the various late deliveries were. Since it is normal to
plan a certain amount of time between the delivery of drawings and the start up of
construction, a time-buffer is introduced. We believe that the late deliveries documented in
the final IDDS, did not induce significant problems into the construction, due to this buffer.
However, this indicates a potential time and cost savings given a full score on the IDDS.
Accepting the complexity of evaluating the effectiveness of the IDDS, it is more easily to
evaluate the efficiency of the system. The two initial procedural steps of the IDDS presented
weak results. We believe the reason of this points to it’s rather novelty in the ordinary design
process. This seems like an odd situation. The procedure requires that the designers perform a
self-evaluation of their own production and requires that they identify what information they
need form others to finalize their drawings. It is clear that designers in general need to focus
on this part of their responsibility. The feeble attempts performed did however present
interesting and positive results. All issues raised were solved efficiently, which indicates that
this part of the procedure might provide easy to grasp benefits.
Quality controls by both the designers and the contractors proved efficient. Failing to
deliver interdisciplinary control reports, increased the focus from the design manager, forcing
the designers to do this important part of the design process. By including the contractors into
the final quality checks, improved the quality of the design deliveries and started the
implementation of the design material into the construction teams. The focus of the total set
of procedures increased the awareness of the final due-date of the design deliveries. However
the result according to the IDDS scoreboard, the designers were motivated to deliver flawless
design material. We find this motivation and its combination with the integrating efforts of
the contractors at an early stage, a significant contribution to the low score of RFI in all three
projects.
The process of ending the design and implementing buildability became transparent during
the use of the system. In general, the system improved the ability to deliver drawings at the
due-date and their quality level increased. The system does however have potential for
improvement which points to the need to improve ways of generating information and
resolving incoming needs. In addition, procedures to deal with quality issues should be
developed. As of most new initiatives and tools, implementation of the system is critical for
its level of success. Our reflections in this regard are that the implementation of the IDDS is
imperative and needs clarification as to what it involves and the consequences of not
honouring commitments.
Our main research effort has been tested in four projects performed by Skanska Norway.
This fact might jeopardize the generalizability of our findings; however, the four projects
were all performed in different regions of Norway and with different project teams. This
construct should amend the potential lack of validity and generalizability due to this cause.
Based on our findings (and recognising the potential pitfalls), we here presents our answer to
the research question of this paper: We believe that our research efforts have defined
sufficient overall procedures (as described in Table 2) to meet the main challenges of the
delivery due-date problem. We further believe that by following the various procedures
combined with the measurement of timeliness, the overall quality of the design deliveries
increases and ensure a better implementation of the design intent into production.
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CONCLUSION
The testing of these procedures was performed in four projects:
 Preliminary test project ‘Statoil Sandsli’. Feedback from the projects indicated a fertile
procedure, leading to high quality drawings ‘just-in-time’ for construction.
 Three projects were subject to testing under an action research umbrella. The three
projects had three different approaches to the use of the schema, and this resulted in three
different achievement levels of the ‘score’ of the due-delivery schema. The overall
conclusion reached by all three design managers indicates that the presented tool served
as the missing link in their design manager’s knowledge and toolkit. The use of this
system led to extra effort at the inception of the project, but the effort would be more
than compensated by a more stable design management process and a more stable
production process.
The presented system and its results indicates an ability to induce more transparency in the
final phase of design (see Ballard and Koskela, 1998), stretching into the implementing of
constructability, and the takeover of the construction team. The system points to critical
aspects of the final phase of design and serves as a tool for the design manager to govern the
finalizing of the design material in more constructive way, compared to old tools.
The value of the incremental due-date schema was tested in four projects and found
beneficial to handle the design-construction interface. The introduction of a structured
procedure where the designers focused on their final information needs for finishing their
work, the implementation of the production site’s needs, and a structured ending to the
quality work resulted in a higher level of predictability of the transfer of design material into
the construction process. The initiative, under its premises for testing, proved to satisfy one of
the seven necessities of a lean production system (see Koskela, 1999), where the design
material is ready for production.
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