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Abstract III
ABSTRACT
The position taken in this thesis is that a small and medium sized
supplier makes a strategic choice to integrate their supply chain with
industrialized house-building companies in order to deliver customer
value and sustain competitive advantage. Customer values for
industrialized house-building means delivery reliability, product
quality, supply chain and market flexibility. Supply chain integration is
the means for understanding customer requirements and to use supply
chain resources efficiently through collaboration.
The purpose of this thesis is to explore a small sawmill transition
from single-minded focus on raw material optimization and increased
production efficiency towards supply chain integration and customer
focus in the industrialized house-building context.
The thesis basis is a systematic literature review and five appended
papers, based on a longitudinal case study at a small Swedish sawmill.
Data has been collected through interviews, participant observations,
and archival data during the period of 2010-2012.
The theoretical gap is formed by the lack of consensus on supply
chain integration. Viewing the criticism it is not clear how the
constructs that constitute supply chain integration affect the possibility
of succeeding with integration, how the integration should be
measured, or how it affects the performance. Hence this thesis makes a
holistic approach and collect empirical data trough method
development on a strategic (business models, supply chain
management), tactical (supply chain planning, sales and operations
planning) and operational (value stream mapping, lean value delivery,
simulation) supply chain integration process within industrialized
house-building context.
However, the findings do not conclusively prove or disprove the
position. Findings indicate that small sawmills with limited resources
and capabilities can employ methods of sales and operations planning,
business model decomposition and value stream mapping enhanced
decision making.
The main contribution is the empirical data on supply chain
integration divided and analyzed from strategic, tactical and operational
process levels synthesized that with understanding of the importance of
integrating these three levels dual perspective. Thus contribute with
theoretical enhancement and reduction of the still-identifiable
fragmentation of supply chain integration theory.

Sammanfattning V
SAMMANFATTNING
I denna avhandling är ståndpunkten att små och medelstora
leverantörer fattar ett strategiskt beslut om att integrera framåt i
värdekedjan med industriella byggare i syfte att leverera kundvärde och
upprätthålla konkurrenskraft. Kundvärden inom det industriella
byggandet är leveranssäkerhet, produktkvalitet, flexibilitet i
värdekedjan och produktkonfiguration. Integration inom värdekedjan
är ett medel för att förstå kundens behov och en möjliggörare för att
kunna använda hela värdekedjans resurser på ett effektivt sätt.
Syftet med avhandlingen är att utforska ett sågverks
förändringprocess från ensidig fokus på råmaterial optimering och
produktionseffektivitet mot en ökad kundfokus genom integration i
värdekedjan.
Avhandlingen är baserad på en systematisk litteraturgranskning och
fem bifogade vetenskapliga artiklar från en longitudinell fallstudie på ett
svenskt litet sågverk. Data har samlats in genom intervjuer,
fältobservationer och genomgång av arkivmaterial under perioden
2010-2012.
Det teoretiska gapet består av att det saknas konsensus inom
teorifältet för integration i värdekedjor. Med utgångspunkt från
kritiken är det oklart hur de begrepp som bildar integration påverkar
möjligheten med att lyckas med integrationen, hur integration kan
mätas eller hur den påverkar företagets resultat. Därför tar denna
avhandling ett helhetsperspektiv genom att samla data främst genom
metodutveckling.
Strategisk
(affärsmodeller,
logistik
i
försörjningskedjor), taktisk (planering, sälj och verksamhetsplanering)
och operativ (värdeflödesanalys, simulering) metodutveckling av
integrationsprocessen inom det industriella byggandet.
Resultaten visar, men utan avgörande evidens, på att små och
medelstora sågverk med begränsade resurser och förmågor kan använda
sälj och verksamhetsplanering, affärsmodellen som analysverktyg och
beslutsstöd med värdeflödeasanalys och simulering för att utveckla
integration.
Bidraget från avhandlingen är främst empirisk data, delad och
analyserad från strategiskt, taktiskt och operativt perspektiv och
syntetiserad av att delarna ska ses som en helhet och en process.
Därigenom bidrar avhandlingen till teoriutökning och viss reduktion
av fragmenteringen inom teorifältet.
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INTRODUCTION

The Introduction chapter outlines the motivation for this thesis followed by the
purpose and the research questions.
Small and medium sized (hereafter denoted small) sawmills, when
supplying the Swedish industrialized house-building sector, need to
move from a production perspective to a supply chain integration
perspective. Industrialized house-building means that a contractor
follows repetitive processes in sales, design, off-site production and onsite assembly (Brege et al. 2014). These repetitive processes are used to
control the planning and execution of the supply chain, in order to
deliver their products (Lu et al. 2011b). This view of the supply chain
extends that of the contractors from on-site all the way down to the
supplier’s suppliers. Supply chain integration, by the supplier, requires a
focus within and beyond the company’s boundaries in order to deliver
customer value and sustain competitive advantage through the efficient
use of resources. Small sawmills, with limited resources and capabilities,
need to be able to develop products and processes in order to deliver
future customer value (Bush et al. 1991, Nord 2005, Lahtinen 2007).
Supply chain integration is a strategic choice made by the sawmill in
order to find a way of understanding customer requirements regarding
products and processes through interaction and communication, and to
use resources efficiently through collaboration (Frohlich and
Westbrook 2001). Supply chain integration has been suggested to be of
strategic, as well as operational, importance in order to deliver
customer value (Childerhouse and Towill 2011). However, it cannot
be seen as a separate function from supply, production and distribution
but it needs to incorporate collaboration at operational, tactical and
strategic levels (Bagchi et al. 2005).
Industrialized house-building companies can have different market
positions, offerings and operational platforms as described by Brege et
al. (2014), but are considered in this thesis as a homogenous market
segment with similar needs. Brege et al. (2014) carried out multiple
case studies involving five major Swedish companies that produce
prefabricated timber building systems and revealed that this market has
homogenous requirements: reliable delivery for individual items justin-time and high product quality with zero defects, along with supply
chain flexibility (Gunasekaran et al. 2008) and market flexibility
(Duclos et al. 2003).
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All these requirements demand continuous product development
from the supplier. In contrast, the traditional markets for sawmills view
customer value as being product and supplier interchangeability as well
as low cost deliveries of bulk goods, with a large tolerance variance,
and little new product development or product customization over
time (Stendahl 2009). The main strategy for sawmills has been
economies of scale, where high volume gives low cost through
production utilization, raw material optimization and high transport
efficiency (Roos 2001, Hugosson and McCluskey 2009). A transition
to a supply chain integration perspective permeates through the whole
organization since the interaction with customers affects long-range
strategies, tactical planning and daily operations, referred to hereafter as
the strategic, tactical and operational levels.

Figure 1. Schematic visualization of industrialized house-building
production process based on Meiling (2010).
In construction supply chain literature, it is quite common for the
focus to be on the contractor-client perspective and not on the
supplier-contractor perspective (Briscoe and Dainty 2005),
corresponding to the contractor focus on-site rather than the whole
supply chain. In industrialized house-building, where a large amount of
the production is off-site, supplier performance directly affects the
whole project performance. In on-site production, the supply chain is
managed through contracts that protect the builders from any problems
at the supplier and their resultant effect on project performance
(Vrijhoef and Koskela 2000). Purchasing strategies, used by many
construction companies for controlling the supply chain, may not be
applicable to industrialized house-building because long-term supply
Supply Chain Integration for Small Sawmills in Industrialized House-Building

Introduction 3
chain relationships are preferred in industrialized house-building
(Erikshammar 2013).
The repetitive supply chain processes in industrialized housebuilding are illustrated in Figure 1. This engineer-to-order supply chain
strategy (Johnsson 2013) enables the industrialized house-building
contractor to operate within a specific area where infinite market
flexibility is replaced with a pre-engineering or product configuration.
The product configuration i.e. a combination of product and supply
chain information is managed using platforms (Jansson 2013). The
conclusion drawn by Jansson (2013) from the multiple case studies
comparing two industrialized house-building contractors is that the
systematic re-use of components and processes created when using a
platform concept enables mass-customization of house-building, but it
requires supply chain integration in the design phase and during
production (Figure 1). This indicates that the suppliers must possess
resources that can be used for the collaboration, and that their business
model would have to be adapted correspondingly towards supply chain
integration in order to be able to take such a strategic position.
Not only do the industrialized house-building companies need to
invest in platforms and in supply chain capacity, but they need to
constantly develop their offering to meet customer needs.
Industrialized house-building does not only require supply chain
integration, but also catalyze it to happen through the use of platforms
and repetitive off-site production. Further, since the suppliers must be
able to develop their products and processes to work with the
contractors’ platforms whilst sharing the same kind of risk, a crucial
joint capability is the planning of internal and external resources, in
order to share development resources and to meet customer demand
(Lu et al. 2011b). Integration, between independent firms, serves a
purpose when it delivers customer value and lowers the logistics costs
for the whole supply chain (Lambert and Cooper 2000). The benefits
of supply chain integration are the sharing of risk, resources and
information through collaboration (Cohen and Roussel 2005).
In research, and in practice, integration is often discussed from the
point of view of “the more integration, the better” (Cagliano et al.
2006, Gimenez et al. 2012). However, criticisms found in literature
examining supply chain integration include the lack of evidence that
supply chain integration actually improves the performance (FabbeCostes and Jahre 2008). Another criticism is that such integration is not
really happening: if supply chain integration is such a viable strategy,
why is it not taking place on a broader scale (Fawcett and Magnan
2002)? The supply chain integration idea has met similar criticism from
Supply Chain Integration for Small Sawmills in Industrialized House-Building
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the construction sector where it has not been viewed as a viable
strategy, mostly because of its reduction of market flexibility and the
need for investments in a highly volatile market. It is a market that
experiences large variations during economic recession and growth
periods (Briscoe and Dainty 2005), especially affecting small and
medium sized companies (Dainty et al. 2001).
A first theoretical gap is the lack of consensus on, or a theoretical
framework for, supply chain integration. Despite the large volume of
literature, supply chain integration theory is still fragmented (Bagchi et
al. 2005, Alfalla-Luque et al. 2013) with different insights from
practices, methods, and theoretical developments (Bagchi and SkjøttLarsen 2002). Examining the criticism, it is not clear how the
constructs that constitute supply chain integration affect the chances for
successful integration (Neuman and Samuels 1996, Stuart 1997), how
the integration should be carried out and measured (Chen et al. 2007),
or how it affects the performance of the companies involved (FabbeCostes and Jahre 2008). A second theoretical gap stems from attempts
to define supply chain integration as an entity, with components and
interrelationships with direct dependencies (Sahin and Robinson 2002,
Augier and Teece 2009, Power 2005). Such a definition only tells part
of the story and the entity view has been criticized for lack of evidence
(Fabbe-Costes and Jahre 2007). One explanation for this lack of
evidence might be that the contextual variables, such as industry or
company setting, are difficult to separate from the entity view of
components when trying to find effects of supply chain integration.
This explanation has concluded that supply chain integration is an
intertwined, ongoing process within and between organizations,
influenced by the contextual setting and at the same time
conceptualized by components with direct dependencies.
Due to the lack of consensus on a theoretical framework, and the
dual nature of supply chain integration as an entity and a process, it is
reasonable to provide more empirical data regarding the supply chain
integration phenomenon. Since the context consists of so many data
points and the environment is constantly changing, rich process data
(Langley 1999) from a longitudinal case study is presented in order to
increase the understanding of the phenomenon itself. The process data
are mainly collected through method development on strategic, tactical
and operational processes, and therefore from a wide range within a
supply chain integration process. Data are analyzed from a dual
perspective and thus contribute theoretical enhancement and reduction
of the still-identifiable fragmentation of supply chain integration
theory.
Supply Chain Integration for Small Sawmills in Industrialized House-Building
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1.1 Purpose

The position taken is that a small supplier makes a strategic choice
to integrate their supply chain with industrialized house-building
companies in order to deliver customer value and sustain competitive
advantage. The choice itself has not been analyzed and does not
contribute to theory development. The purpose of this thesis is to
explore sawmills’ transition, from a focus on raw material optimization
and increased production efficiency towards a focus on supply chain
integration with industrialized house-building companies, in order to
contribute empirical data regarding the supply chain integration on
strategic, tactical and operational levels. An analysis of appended papers
has been carried out using a supply chain integration framework,
derived from a literature review and presented in the chapter
‘Theoretical Framework’, as the model for analysis. The conceptual
framework is examined through a longitudinal case study of a small
Swedish sawmill that is a supplier to industrialized house-building
sector.
Based on this purpose, four research questions are asked:
1. How does the contextual setting of industrialized
house-building affect supply chain integration?
It is reasonable to assume that contextual variables have an effect on
supply chain integration. Contextual variables in industrialized
house-building, such as customer requirements, and supply chain
and market flexibility demanding continuous product development,
differ from a contextual setting defined by traditional sawmill
markets.
2. How can supply chain integration be supported with
the business model concept as a strategic process
tool?
The position taken is that a sawmill aims to sustain its competitive
advantage through supply chain integration because of an
intentional choice. The business model concept is examined as a
support for the strategic processes during a sawmill’s deliberate
transition.
3. How can supply chain integration be supported with
sales and operations planning as a tactical process
tool?
The tactical planning process at the small sawmill helps to balance
demand and supply capabilities of procurement, production and
distribution. The sawmill tactical process needs a plan for steering
and control of the performance of the supply chain integration.
Supply Chain Integration for Small Sawmills in Industrialized House-Building
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Sales and operations planning are treated as supporting the
transition.
4. How can supply chain integration be supported with
decision-making support as an operational process
tool?
The operational processes carry out the decisions made at the
strategic and tactical levels. Decision-making support tools are
investigated for guiding operational processes at the small sawmill
transition.

Supply Chain Integration for Small Sawmills in Industrialized House-Building
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1.2 Author’s Contribution to Appended Papers I – V:

Paper I: Characteristics of Supply Chain Management in Systems Building
and Implications for Small Business
The writing and formulation of fundamental ideas, planning and
execution of the study were carried out by Jarkko Erikshammar.
Paper II: Components in a Value-Added Business Model: a Small Sawmill
Longitudinal Case Study
The paper was written by Jarkko Erikshammar, Tomas Nord, Lars
Stehn and Staffan Brege. Jarkko’s contribution was the formulation of
the fundamental ideas together with Tomas, Lars and Staffan. Jarkko
carried out the study. The writing was divided between all the authors,
with Jarkko as the main writer and coordinator of the whole writing
process.
Paper III: Integrating the Supply Chain using Sales and Operations
Planning: A case study of a Swedish SME Sawmill
The paper was written by Jarkko Erikshammar, Martin Rudberg and
Lars Stehn. Jarkko’s contribution was the formulation of the
fundamental ideas together with Martin and Lars. Jarkko carried out
the study; however, the theoretical review was carried out by Martin
Rudberg. The writing was divided between all the authors, with
Jarkko as the main writer and the coordinator of the whole writing
process.
Paper IV: Discrete Event Simulation Enhanced Value Stream Mapping: An
Industrialized Construction Case Study
The paper was written by Jarkko Erikshammar, Weizhuo Lu, Lars
Stehn, and Thomas Olofsson. Jarkko’s contribution was the
formulation of the fundamental ideas together with Lu and Lars. Jarkko
carried out the study; however, the simulation was carried out by Lu.
The writing was divided between all the authors, with Jarkko as the
main writer and the coordinator of the whole writing process.
Paper V: Parametric Value Stream Mapping Framework: A case Study of a
Small Swedish Industrialized house-building supplier
The paper was written by Jarkko Erikshammar, Erik Alestig and
Weizhuo Lu. Jarkko’s contribution was the formulation of the
fundamental ideas together with Lu and Erik. Jarkko carried out the
study; however, the empirical data were collected by Erik. Jarkko
wrote the paper, but the analysis was divided between all the authors,
with Jarkko as the coordinator of the whole process.
Supply Chain Integration for Small Sawmills in Industrialized House-Building
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2 METHODOLOGY
The Methodology chapter describes the research strategy, design and process by
explaining the methods used.
This chapter is written from a first person perspective and is a mixture
of active and passive voices. I do acknowledge that I have affected
many aspects of my research, from the selection of the research
approach to the design of the study, but also through interpreting the
results from the case studies presented. Therefore, I start this chapter
with a discussion of my own background and impact, and thereafter
describe the research strategy, design, process and the data collection
methods, finally reflecting on the research quality.
2.1 Me as a Research Instrument

I consider myself, as a researcher, to be an instrument in the
research, a view that has been supported by Denzin and Lincoln (1994)
and Miles and Huberman (1984). Therefore, it is important for the
reader to know and understand my background, in order to be able to
judge my interpretations in this study.
I have an industrial background where, for the last three years prior
to starting my PhD studies, I was a managing director at a housebuilding company selling, manufacturing and delivering prefabricated
single-family houses in Sweden. That specific background has, of
course, given me, besides an understanding of the vocabulary, an
opportunity to create an understanding of the context. It has also
directed my studies towards the relevant empirical data, for example to
be able to make a strategic selection of the case study object. On the
other hand, it has also produced a possible bias, since I have a potential
answer, or explanation, for the phenomenon studied (Voss et al. 2002).
Me and my supervisors have, of course, been aware of this increased
likelihood of bias in the design of interviews, interpretation of results
and analysis of the case studies. We have discussed these issues
throughout these doctoral studies and tried to minimize the bias,
mainly through supervisor meetings, whilst maximizing transparency,
mainly through presenting data collection methods and planned studies
to colleagues within the research group and during conferences.
The actual actions taken are discussed in detail in the data
collection methods section, but on a strategic level, the choice of coauthors for the papers has also given me an opportunity to compare my
interpretations with other researchers in the research group
Supply Chain Integration for Small Sawmills in Industrialized House-Building
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Construction Engineering at Luleå University of Technology, at
Linköping University (Linköping and Norrköping campuses) and
within certain theoretical fields (Marketing, Logistics and Simulation).
First of all, it has given me an opportunity to present and collect
feedback on my studies from my colleagues in other research groups
within not only our university but also other universities. Second, it
has also given me an opportunity to reflect on my results from my
colleagues’ viewpoints, which has helped me to consider the
conclusions and implications from a wider perspective.
My theoretical perspective, influenced by the construction
engineering research group, is from a method-supporting and
positivistic view, where method development of operations, such as
simulation, has contributed to theoretical development within my own
studies. My theoretical perspective has also been affected by the system
view, which has influenced me to look beyond the single constructs
within supply chain integration and to see patterns connecting these
entities. The interaction with colleagues from Linköping has also
contributed to my considering the case study company from an
outsider’s perspective, where strategic influences from the market and
surrounding world have affected my interpretation of the change
processes in the longitudinal case study. This is relevant, since my
research has been trans-disciplinary, meaning that I was aiming to
create further understanding of the supplier’s situation in the
industrialized house-building context, not only from the viewpoint of
supply chain integration, but also through several theoretical
perspectives and practical methodologies (Nowotny et al. 2003).
These perspectives, business models, supply chain management and
operations, have been examined in the papers appended to this thesis,
and through the theoretical framework presented in this thesis.
Therefore, it has been beneficial to have access to specialists in each
field (organizational theory, business models, logistics, simulation), in
order to compare our interpretations of the empirical material, and
because I would not have had the possibility to acquire as deep a
knowledge of each of these areas and subjects within my doctoral
studies. It is not only the time aspect of acquiring knowledge in all
these theoretical fields, but also the different backgrounds of the coauthors that probably makes them judge the body of knowledge
differently to myself. The research material in each paper has also been
judged differently depending on the actual authors, which has given
me an opportunity to reflect on my own interpretations by comparing
them with those of my co-authors.
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My background as an engineer, with an M.Sc. in industrial
engineering, has strongly influenced my tendency for a positivistic and
objective ontology on research. During the PhD process, that
perspective has changed to acknowledging a subjective perspective,
since the research focus was about understanding and meaning rather
than cause-effect relationships and statistical generalizability. Even
though the perspective leant towards subjectivism, I still believe that a
researcher creates models of an objective reality. These models are less
rich in their description than the reality, otherwise they would not be
models. It means that we, as researchers, collect empirical data with all
our human weaknesses, have to interpret the results from models,
make assumptions regarding the models: this is where our subjectivity
selection comes into play. I have also taken a holistic approach to the
study, meaning that I am interested in the whole rather than the sum
of individual elements in a system. The positivistic side of me firmly
believes that the material and information flows found in supply chains
and productions systems can be modeled using interconnected
elements within a defined system. A deep understanding of the
supplier’s situation in the industrialized house-building context
demands the understanding of the outside influences, real people and
organizations, or human elements (Drejer et al. 2000, Näslund 2002)
that cannot be solely described with charts and diagrams, even though
the structures can be described with elements, arrows and boxes.
Further, it is relevant for the reader to understand that, throughout
the entire research project, I have been involved in the research
programs TräIN and Lean-Wood-Engineering (LWE). TräIN is a
regional program for developing industrialized timber frame housebuilding. The program is a joint venture between municipalities,
industry, Luleå University of Technology and a regional development
company (IUC). The idea of TräIN is to catalyze and encourage small
supplier networks in the region. LWE is a joint venture between three
universities: Luleå University of Technology, the Institute of
Technology at Linköping University and the Faculty of Engineering at
Lund University, in collaboration with industry partners from the
wood-producing and manufacturing sectors as well as the building and
construction sector. The LWE knowledge center involves about 30
senior researchers and PhD students. The LWE involvement was
financed by BAC Såg och Hyvleri AB, a small Swedish sawmill, which
I have also studied for my thesis. My involvement in these programs
has consisted of participation in workshops, conferences and PhD
courses and has enabled me to develop the theoretical framework as
well as gain access to company networks. I have also been given the
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opportunity to present my research progress to academics and industry
practitioners. During these presentations, the audiences have asked me
questions and sought clarifications, and, by carefully noting or
recording these discussions, I have been able to validate my selection of
theoretical fields, findings from the case studies and the relevance of
the research.
2.2 Research Strategy

In the field of supply chain integration, which is a subset of supply
chain management, mainstream research is based on rationalist research
methods, primarily statistical survey analysis and mathematical
modeling. However, since the theories in supply chain integration
have not been widely reported within the context of industrialized
house-building and the theory development within the field has been
criticized for lacking empirical data, I have chosen to study the supply
chain integration framework from a holistic perspective and develop
my understanding. Therefore, it was a strategic choice to select an
explorative and mainly qualitative research strategy. Meredith and
Vineyard (1993) supported the notion that explanation of quantitative
findings and construction of theory should be based on qualitative
understanding. The purpose is to establish an understanding of the
supply chain integration phenomenon, contextual variables and the
implications; thus, a qualitative research strategy based on a case study
approach was preferred, not only because it was suitable for answering
“how” and “why” questions (Yin 2003), but also because it was
suitable for developing new theories and ideas (Voss et al. 2002).
However, my main research contribution is empirical data and the
analysis of that data to extend the theory development of the supply
chain integration framework. Yin (2003) supported the idea that the
case study research strategy serves a purpose when the studied
phenomenon is contemporary, in a real-life context and where it is
hard to distinguish between the phenomenon itself and the contextual
setting. In practical terms, this means that it is virtually impossible for
the researcher to capture daily life at a company and, since this study
handled more variables than data points by using multiple sources of
evidence and benefited from previous development of the research
area, the case study strategy was advantageous. From this perspective,
the case study is a strategy, not just a way to collect data or a research
design feature.
The research strategy with a contextual setting of an application,
the supply chain integration at SME sawmills, coupled with the transdisciplinary research approach indicates that the research strategy is
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Mode 2 according to Nowotny et al. (2003). The research questions
described in the introduction chapter show that the purpose of this
work is to create knowledge within a context of application, as
compared to a Mode 1 research strategy, where knowledge is created
in theoretical or experimental environments and then transferred to an
application, as described by Nowotny et al. (2003).
2.3 Research Design

Research design is defined as an action plan that describes, in a
logical sequence, how to connect empirical data to the study’s initial
research questions (Yin 2003) as discussed in the previous section
‘Research strategy’. By examining the theory development of supply
chain integration, a framework is derived from the identified gaps and
used as a model for analyzing the case study, contributing to and
extending the theory of supply chain integration (Figure 2).

Figure 2. Conceptual research design on supply chain integration (SCI).
The longitudinal case study of a Swedish SME sawmill, a supplier
to the industrialized house-building industry, is analyzed using the
supply chain integration framework. This gives the potential for
reflection on theoretical constructs within the field of supply chain
integration, but also gives a direction as to where to look for evidence
regarding the process. Since the purpose is to explore the sawmill’s
transition towards supply chain integration in order to increase
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understanding and uncover areas for further research, an in-depth
longitudinal field study design was selected as the basis.
The rationale behind the selection of an appropriate case study is
vital to allow the relevance of the study to be judged (Miles and
Huberman 1984). The benefit of selecting a case study at a small
sawmill is that it is not only a fairly common supplier to industrialized
house-building companies, but also because the environment in which
they trade is highly competitive in Sweden. The sector has excess
capacity, a low degree of product development with long life cycles,
and increasing international competition (Nord 2005). These
contextual variables are of increasing importance for all small suppliers
in the construction sector in general, but especially in industrialized
house-building. Therefore, it is interesting to set the study in this
context, since this context could serve as an “extreme case”(Eisenhardt
1989). Extreme cases are useful in theory building since the dynamics
under investigation are often better defined and more easily
documented than in other scenarios. The drawback of selecting a single
case is that there is a danger that peculiarities of the sawmill sector are
interpreted as contextual variables in this rich dataset and a danger of
misjudging a single event, with the risk of exaggerating available data
ever present (Leonard-Barton 1990). Another drawback of choosing a
material supplier is the risk of missing the sub-contractor perspective.
Future research should therefore be directed towards developing a
framework involving sub-contractors.
The longitudinal case study was chosen because of the access to the
companies in the LWE and TräIn networks, and especially the daily
access to BAC Såg och Hyvleri AB over a long time. At the sawmill,
supply chain integration was an ongoing process and therefore an
appropriate selection for the case study. I was granted access to all data
stored and archival documents at the sawmill, and also access to all
management meetings over a two year period (Table 1).
The strength of a longitudinal case study is that the researcher has
access to rich data through active participation and observing
organizational change data denied to other approaches, such as
retrospective case studies (Voss et al. 2002). However, this also
pinpoints the problem of describing the rich dataset so it is possible for
the researcher, as well as the reader, to validate the proposed cause and
effect relationships. The rich dataset, or process data as Langley (1998)
described it, is difficult to analyze and manipulate, since it often deals
with unfamiliar conceptual objects, involves multiple levels and units of
analysis, has issues in terms of data precision and is prone to a variety of
eclectic interpretations.
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A unit of analysis is defined as a component related to the
fundamental description of the case and will have an impact on the
research design (Yin, 2003). The research design involved following
one company as it developed its integration in the supply chain, with
the unit of analysis being defined as supply chain integration transition
processes. After presenting the findings from the appended papers, the
data are linked to conclusions based on the theoretical framework. The
findings are not statistically tested, and data must be judged based on
the researcher’s holistic knowledge.
2.4 Research Process

The research design for the thesis included a process with a
literature review that resulted in a supply chain integration framework
and an analysis of the five appended papers I – V. The model of
analysis was used to examine the supply chain integration transition in
the appended papers, described in detail later, and the findings from the
five papers were synthesized in theoretical contributions and practical
implications. However, the research process began much earlier and, in
total, five studies and one pre-study were conducted, resulting in five
papers. Each of the corresponding papers has developed the
understanding of supply chain integration and the contextual setting of
industrialized building and small business (Table 1); the research designs
are described in detail in each paper.
The research started with the supposition that increased
collaboration among supply networks could be advantageous for the
whole supply chain. Therefore, the pre-study focused on a small
industrialized building company that collaborated with its suppliers in
order to design and manufacture products. The research addressing
these questions is presented in three papers not appended to this thesis:
Erikshammar et al (2010), Björnfot et al. (2011) and Simonsson et al.
(2012) whilst some data have been published in technical reports
(Erikshammar et al. 2010, Erikshammar 2011, Erikshammar et al.
2013, Erikshammar et al. 2014), working paper presented at a
workshop (Erikshammar and Lassinantti 2010) and results presented at
a conference (Lu et al. 2011a). Theories regarding ‘collaborative
product development’, ’small business development’, and ‘Lean’ were
used for the cross-analysis of findings in my licentiate thesis
(Erikshammar 2011).
A re-analysis of the findings from a supply chain management
perspective (study 1) was carried out using the data from my licentiate
thesis. This analysis helped me to understand that choosing another
theoretical approach other than ‘collaborative product development’
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expanded the study but also gave me the tools to analyze the events
connected to the transition process.
Table 1. Overview of the research design, data collection methods and
studies.
Research
Design

Data Collection Methods

Prestudy

Eight (8) semi-structured interviews with key Licentiate
personnel at a contractor and its suppliers. thesis
Participant observations at Workshop meetings.
Archival documentation.

Case
study

Data
published

Dates: March 2009 – October 2011
Study
1

Case
study

Re-analyzing the secondary archival data from Paper I
the case study examined in the pre-study and
presented in the licentiate thesis.

Study
2

Case
study A

Seven (7) semi-structured face-to-face interviews, Paper II
recorded and transcribed with owners, CEO,
production manager, sales manager, sales
representatives at the sawmill. Field notes of
participant observations during the whole period.
Archival documents such as minutes of meetings.
Dates: November 2009 – September 2012

Study
3

Case
study B

Four (4) semi-structured face-to-face interviews, Paper III
recorded and transcribed with the CEO,
production manager, sales manager, sales
representatives at the sawmill. Field notes of
participant observations during the whole period.
Archival documents such as minutes of meetings.
Dates: January 2011 – September 2012

Study
4

Case
study C
&
Simulati
on

Four (4) semi-structured face-to-face interviews, Paper IV
recorded and transcribed with the managing
director, production manager and marketing
manager at a window manufacturer. 1000
Simulation runs. Participant observations at
Workshop meetings. Archival documentation.
Dates: May 2009 – September 2013

Study
5

Case
study D

Six (6) semi-structured face-to-face interviews Paper V
recorded and transcribed with three people with
purchasing roles, and three people from on-site
production Two (2) on-site video-recorded
participant observations. Field notes.
Dates: May 2011 – December 2012
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Therefore, the studies 2, 3, 4 and 5 were based on supply chain
integration. During these studies and the literature review, I learned
that the supply chain integration theory development is a fragmented
collection of practices, methods and theories and the frameworks
presented previously had been criticized for a lack of evidence (Figure
2).
2.5 Literature review

My perspective of literature reviews has changed over the PhD
process from one of being ad hoc and well-documented to one that is
a rigorous perspective, with a focus on traceability and transparency.
The literature review in itself is an important part of the research
process. I adopted a systematic review methodology (Tranfield et al.
2003) in order to categorize the heterogeneous body of research on
supply chain integration. Systematic reviews of social science journals
in the construction context are relatively new, as opposed to other
fields such as medical studies. My idea is to make the literature review
replicable, and transparent in order to frame the search and present the
findings. My idea is not, however, to present a quantitative analysis of
the articles but rather to collect, examine and frame the supply chain
integration framework useful for the construction context and thereby
reveal research gaps. I have processed the material in the course of the
systematic review as a set of concepts, characteristics that frame supply
chain integration. In this way, my review builds on a conceptual
synthesis but with transparency regarding the sources and the articles.
The reason to take this approach to supply chain integration is that
this area is newer for the construction context compared to other fields
and, consequently, lacks consensus among scholars regarding the
definitions and the evidence regarding supply chain integration (FabbeCostes and Jahre 2007). Supply chain integration and its components
are defined and used in the literature in several ways, but there is also a
variety of quantitative survey-based research and qualitative case-based
research, making it difficult to identify relevant constructs.
First, 20 seminal papers about supply chain integration from the
field of supply chain management (SCM), as recommended by an
expert colleague and my opponent at my licentiate thesis defense, were
reviewed. The initial analysis helped to establish the focus for the
following stages. At this point, I found that literature focused on the
construction context was rare and, therefore, the review should not
focus on papers with a construction context but rather include all
sectors. Industrialized building is considered to be a part of houseSupply Chain Integration for Small Sawmills in Industrialized House-Building
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building and construction so that, although it is an area in its own
right, any findings can be generalized and put in the context of
construction.

Figure 3. Schematic process description of paper selection for the systematic
review. The number in the brackets shows the number of papers after the
activity
The second step (Figure 3) was the database search. The databases
used were Web of Science, Scopus and Science Direct, consistent with
other reviews in the management field. I limited the research period to
1985 – 2014. This period was selected because, prior to the explosion
of interest in supply chain management during the 1990s and the early
2000s resulting in the majority of relevant literature on supply chain
management and supply chain integration being written, there was
some relevant literature available from around 1985 onwards. The
search terms used were: ‘supply chain integration’, ‘network
integration’, ‘logistics integration’ and ‘Process Integration’ in title,
keywords or abstract. Only peer-reviewed journal papers were
selected. Six (6) texts that predated 1985 in the review were handpicked or found through citation tracking (Figure 3), but also seven (7)
books were selected using citation tracking.
The database searches, plus key journal searches (Table 2) and
citation tracking resulted in 812 initial references after duplicates had
been removed. To be included, the paper had to describe a component
or a framework connected to supply chain integration. The decision to
include a paper was based on reading the abstracts, in the case of
journals, and the preface and/or index, in the case of books. Purely
descriptive papers were excluded from further study, since the aim was
Supply Chain Integration for Small Sawmills in Industrialized House-Building

Methodology 19
to find journal papers showing evidence for supply chain integration. A
large proportion of papers on supply chain integration fell into this
latter category and were therefore excluded.
At this stage, 92 texts were analyzed for the next stage in the
process. Data from the full papers were collected and compiled into a
worksheet; the books and book sections (11) were excluded from the
review and only used for conceptualization. They included details of
the publication, aims of the research, research design, definitions of key
words, whether the paper was theoretical or empirical, and results and
conclusions. The worksheet supported reading, analysis and synthesis,
and also provided an additional quality control stage. Following the
data extraction process, 80 texts were included in the systematic review
(Appendix II). Papers were usually excluded because they described a
specialized industry application or lacked either a strong theoretical or
empirical basis.
From the 80 texts eight (8) reviews within the field (Fabbe-Costes
and Jahre 2008, Alfalla-Luque et al. 2013, Sahin and Robinson 2002,
Power 2005, Fabbe-Costes and Jahre 2007, Cooper et al. 1997, Kanda
and Deshmukh 2008, van der Vaart and van Donk 2008) was selected.
From these eight (8) review papers key supply chain integration
constructs were synthesized and after that the remaining 72 texts were
analyzed.
Table 2. Relevant journals in the field of supply chain integration.
Journal

Impact
Factor

JCR

Industrial marketing Management

0.885

1.530

International Journal of Logistics Management

0.841

0.841

and 0.991

1.127

International Journal of
production management

Operations

International Journal of Physical Distribution
and Logistics management

0.912

1.038

Journal of Business Logistics

2.532

Supply Chain Management: An International 0.935
Journal

1.535

Transportation Journal

0.230

0.458

Transportation Research

1.649

1.648
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2.6 Data Collection Methods

The data collection methods in the different papers were mainly
interviews, either of individuals or interviews in a group (Table 1).
During the research process, I have come to appreciate recorded and
transcribed methods rather than taking notes, especially as there is then
the opportunity to go back and verify what was said. Other data
collection methods included participant observations, and studying
archival documents and collection of artifacts in the form of documents
such as agendas, minutes of meetings, drawings and photos.
2.6.1

Interviews

All interviews lasted one to two hours, and were recorded semistructured, face-to-face interviews, where the respondents had the
opportunity to verify a summary written by the interviewer afterwards.
The interviews were then transcribed by the researcher and stored in
the case database. The interviews for the pre-study and the
corresponding papers were a mix of recorded sessions and notes made
by the interviewer. However, for studies 2 – 5 all the interviews were
recorded except for two workshops presented in paper II. The
interview guides are presented in Appendix 1.
2.6.2

Case Database

All data collected are stored electronically in a case database. In this
database, there are sub-folders that have been created for each group of
empirical data collected, named according to the date of collection and
the activity. However, the use of folders makes cross-referencing timeconsuming and a strategy for using the data from the papers needed to
be developed. The procedure was to back up the original data, before
it was analyzed, into a different folder so that it would be possible to
compare data that had been processed for a paper with the original
data.
2.6.3

Archival Documentation

The first study (paper I) solely re-analyzed the data from the prestudy and my licentiate thesis and involved investigating all filed
documents on a server or in hard copy form. During the second study,
archival data regarding process times were extracted by the case
company representatives; however, in the later studies (3, 4 and 5), the
researcher had full access to all documentation such as production data,
product data and financial information. This made it possible to secure
the right data without having anyone else examining the material
before handing it over to the researcher.
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2.6.4

Participant observations

The observations of participants contribute to the researcher’s
general knowledge and understanding of the case study without
generating any formal documentation other than field notes and, in
some cases, recordings. Participant observations have been used in
workshops and meetings. This provided the researcher with ways to
correlate interview results and information from archived documents
and interviews. The field notes were stored electronically in the case
database using a word processor between 2009 and 2011 and
Evernote® software from 2012 to 2014.
2.6.5

Case Analysis

The conceptual framework, research questions and empirical data
from the papers were used as input to the data analysis. The output of
the analysis of answers to the research questions and the rich empirical
data is the theoretical development of the framework but also an
understanding of the mutual dependencies of integration entities and
the transition processes on strategic, tactical and operational levels. The
analysis process was not straightforward. Preliminary analyses were
carried out during the years of data collection, resulting in several
iterations in which new literature and empirical data were collected
and reported in the appended papers (I – V). These are the main steps
of data analysis carried out for the thesis:
1. Re-visit the written case descriptions. The different case descriptions
from the studies were summarized in a single draft description using
the themes identified in the literature review.
2. Identifying and grouping texts connected to each of the research questions
(RQ1 – RQ4), using color marking, thus generating a cross-list.
Thereafter, the relationships between the themes and the research
questions were identified and suggested answers to the research
questions. These relationships were developed in an iterative way.
3. After summarizing the answers, it became evident that the
conceptualization itself had become problematic, since this shielded
the integration per se into research questions and corresponding
findings. Therefore, strategic, tactical and operational processes for
the transition towards supply chain integration were examined. By
comparing the flow charts from the cases (papers II – V), another
cross-list of events and activities was derived, one that visualized
processes on strategic, tactical and operational levels. The final list
was reached after a couple of iterations. According to Langley
(1999), the closing of the gap between data and theory can be based
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on induction, deduction or both, and abduction. The latter involves
the research process iterating between theory and data.
4. The conclusions and thesis discussion were validated through discussion
with my supervisor and the research group in a seminar. The case
description was validated with the help of a company
representative.
2.7 Research Quality

The longitudinal case study approach, the data collection ranging
from 2009 (Paper I) to 2012 (Paper V), and the conclusions are
dependent on the research quality. Several authors have stated that it is
particularly important to pay attention to reliability and validity in case
study research (Voss et al. 2002, Yin 2003, Leonard-Barton 1990). The
research aim, as mentioned earlier, is to create understanding and
contribute with empirical data to the theoretical field.
Construct validity; that is the establishment of the correct
operational measures (Voss, 2002), might have been strengthened by
the use of multiple sources of information such as interviews,
observational data and archival documentation, to correlate the results
of the study and create a chain of evidence. In order to strengthen the
validity of the case studies, the opportunity for respondents to verify
the accuracy of the interviews was made a priority, along with the
correlation of interviews with archival documents and website home
pages in order to obtain multiple sources of evidence. By combining
interview transcripts with archival data, and participant observation and
field notes with visual mapping (Langley, 1999), the objective was to
increase internal validity, which is a measure of the extent of causal
relationships, that is, where one set of conditions lead to others (Yin
2003).
However, during the observations from 2010 to 2012, I spent the
majority of time physically at the sawmill and one might ask how such
a degree of involvement has biased my analysis and affected the study
object, in this case the personnel, supplier and customers at the
sawmill. My presence during all the top management and budget
meetings has certainly affected the participants, especially since all
understood that the meetings were being recorded. My observation is
that over this long time, the personnel grew accustomed to me and
eventually they did not need to keep up their façade, even regarding
me as part of the management group. The latter is, however, a doubleedged sword, because my analysis, reflections and observations might
have steered their decisions in some way.
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External validity is defined as finding generalizations beyond the
data from the case study (Yin 2003), but there is recognition of the
difference between analytical and statistical generalization. The single
case study approach made it impossible to make any statistical
generalization. Reliability was strengthened by the use of protocols
applied to the case database. The use of a researcher diary to comment
on memos and empirical data also contributed to increasing the extent
to which the study’s operations can be repeated with the same results.
The framework for supply chain integration is based on a systematic
literature review but it is not based on all the literature or on the whole
body of knowledge related to supply chain integration, merely a slice
of published journals within the area. However, through transparent
selection criteria of literature and focusing on the most relevant and
cited articles, the effect of such a limited selection has been reduced.
The review indicates that there is a framework of supply chain
integration. This framework is presented in the chapter ‘Theoretical
framework’. Any review that focuses exclusively on themes will only
tell part of the story, and a simplistic model, as presented here, could
be questioned for its construct validity when using it for analysis. The
study could have been strengthened by having some other researchers,
from my research group, analyzing and judging the selection criteria
and the selection of papers. However, the research project did not have
the time or the resources to do this.
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3 THEORETICAL FRAMEWORK
The Theoretical framework presented is based on a systematic literature review
and theoretical insights from the appended papers, and is used to build a model
for analysis.
3.1 Supply Chain Integration

In this thesis, supply chain integration is considered to be a subset of
supply chain management (SCM). SCM is the theoretical field
examining the management of demand, supply and integration of the
supply chain (Forrester 1961, Ballou 1973, Houlihan 1985, Cooper
and Ellram 1993, Mentzer et al. 2001) Supply chain integration in this
thesis is regarded as the management of the integration itself of the
supply chains, whereas SCM is the management of the supply and
demand through a variety of techniques including integration.
The SCM literature does not propose a single definition of supply
chain integration. Some authors have proposed that it is functional or
internal integration (Kahn and Mentzer 1996), meaning that supply
chain integration either consists of, or is dependent on, the internal
integration of departments, functions or processes. However, the
current understanding is that successful supply chain integration is
dependent on internal integration, but that integration is a broader
concept, extending beyond the company’s borders to incorporate
external integration (Frohlich and Westbrook 2001, Childerhouse and
Towill 2011, Alfalla-Luque et al. 2013, Fawcett and Fawcett 2013).
Supply chain integration has a strategic aspect in its approach to
operations, materials and logistics management (Tan 2001). The
management of upstream and downstream relationships with customers
and suppliers attempts to deliver value at less cost to the supply chain as
a whole (Croom et al. 2000). The more independent the operations
are within the chain, the more rules and procedures are added that
strive for sub-optimization. The reason for integrating the supply chain
is to reduce total inventory (Jones and Riley 1985), increase customer
service (Heskett et al. 1964) or build a competitive advantage for the
whole supply chain (Stevens 1989). Supply chain integration is
described as the central component in creating competitive advantage
through either cost reduction (Power 2005) or increased flexibility
(Simatupang et al. 2002). Developing a transparent and integrated
supply chain entails a company changing its business model (Fawcett
and Fawcett 2013). The description of what the company does in
relation to its customers is fundamentally its business model (Magretta
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2002) and describes the relationship between the customer offering,
business position and the operational platform of the company
(Kindstrom 2010) as well as showing how value is created.

Figure 4. The scope of supply chain integration modified from Björnfot et
al. (211) and Fawcett and Magnan (2002).
Supply chain integration also has a distinct direction. It can move
either downstream towards customers or upstream towards suppliers
(Fawcett and Magnan 2002) or horizontally towards competitors or
networks and other actors within the system (Figure 4).
Supply chain integration is defined as a strategic interaction and
collaboration process upstream and downstream in order to deliver
value at less cost to the entire supply chain. Horizontal movement is
ignored in this thesis. Supply chain integration can therefore be seen as
(1) interaction between activities and entities in a supply chain
(Power 2005, Kim 2006, Narasimhan and Kim 2002, Yeung et al.
2009), (2) collaboration between supply chain partners (Holweg et al.
2005, Barratt 2004a, McCarthy and Golicic 2002, Neubert et al. 2004,
Omar et al. 2012, Skjoett-Larsen et al. 2003), and (3) a process
(Neuman and Samuels 1996, Stuart 1997, Alvarado and Kotzab 2001,
Cousins and Menguc 2006, Li et al. 2009).
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3.2 Supply Chain Integration Constructs

Despite the large amount of literature, supply chain integration theory
is still fragmented (Bagchi et al. 2005, Alfalla-Luque et al. 2013) with
different insights into practices, methods and theoretical developments
(Bagchi and Skjøtt-Larsen 2002). Problems endemic to supply chain
integration can be described as either confusion or over-simplification.
Confusion arises from combining numerous disciplines, definitions and
diverse perspectives; over-simplification can occur when concepts are
transferred between disciplines or conceptual settings when the authors
are unaware of underlying assumptions. Therefore, it is important to
define constructs and how they are used within supply chain
integration theory. There have been a number of reviews within the
field (Fabbe-Costes and Jahre 2008, Alfalla-Luque et al. 2013, Sahin
and Robinson 2002, Power 2005, Fabbe-Costes and Jahre 2007,
Cooper et al. 1997, Kanda and Deshmukh 2008, van der Vaart and van
Donk 2008); the key supply chain integration constructs from these are
summarized in Table 3. These review papers are used, as described in
the methodology section, to create key constructs for further analysis
and synthesis of the supply chain literature.
In a wide literature and management practice review, Cooper et al.
(1997) investigated the components of integration by comparing SCM
concepts with logistics concepts. The results indicated that integration
consists of a three-part framework: integrating business processes,
supply chain structures and management components. Business
processes are activities that produce an output of value to the customer.
Supply chain structure is the configuration of companies within the
supply chain. Management components are the components by which
the business processes are structured and managed.
Sahin and Robinson (2002) developed a model focusing on the
flow coordination and information sharing in supply chains from three
perspectives: information distortion, the importance of information
sharing for supply chain alignment and the role of physical flow
coordination in supply chains. The conclusion was that successful
integration is based on the coordination of the physical flow between
the companies in the supply chain.
The interdependence between integration, the strategic approach of
supply chain systems and the implementation approach was highlighted
by Power (2005). Integration itself, according to Power (2005), consists
of technological, logistics and partnership elements. The strategic
approach means that the companies are required to think and act
strategically. Implementation describes the methods and enabling
technologies that lead to a successful integration.
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Fabbe-Costes and Jahre (2007) examined the relationship between
supply chain integration and performance. However, in order to
examine the supply chain integration framework, Fabbe-Costes and
Jahre (2007) coded elements in order to be able to measure the
performance. They identified physical elements along with elements
encompassing informational and financial flows, processes and
activities, systems and technologies, and actors.
In a review Kanda and Desmukh(2008) identified mechanisms for
supply chain integration. Supply chain contracts, information
technology, information sharing and joint decision-making were all
used to define performance parameters for coordination. A supply
chain contract means coordination using contract management.
Information technology is the enabler of that coordination.
Information sharing is a construct used between supply chain members.
Joint decision-making is the collection of different methods used
within supply chain integration such as vendor-managed inventory,
collaborative planning and replenishment or the use of the so-called
SCOR (Supply Chain Operations Reference) model.
In a review of 33 survey papers, van der Vaart et al. (2008)
identified three elements: supply chain attitudes, supply chain patterns
and supply chain practices. Attitudes describe the different actors’
attitudes towards buyers, and suppliers’ attitudes towards each other or
integration. Patterns are interactions between supply chain members,
for example visits or written evaluations of suppliers. Practices are
activities or technologies that have an important role in the
collaboration.
Based on their review Alfalla-Luque et al. (2013) developed a
conceptual framework built up of information integration,
coordination and resource sharing coupled with organizational
relationship linkage. Information integration refers to sharing
information internally and between supply chain members.
Coordination and resource sharing refers to realignment of decisions
and resources intra-organizationally and inter-organizationally.
Organizational relationship linkage describes the interactions and
transparent relationships between supply chain members.
These papers indicate that there are key constructs proposed in
supply chain literature. These constructs were named differently by the
reviewers, for example Sahin and Robinson (2002) described
information sharing as a construct dependent on the relationship
between the supply chain members, but Kanda and Desmukh (2008)
described it as a management construct closely connected to methods.
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Table 3. Key constructs of supply chain integration synthesized from
previous reviews.
Reference

Alliances,
partnerships
and virtual
integration

Cooper et al.
(1997)

Flows of
material
and
information

Management
processes

Strategic
approach

Structures of
supply chain

Management
components

Business
process

Sahin and
Robinson
(2002)

Information
sharing

Physical flow
coordination

Information
management

Power (2005)

Partnership

Technology
Logistics

Implementation

Actors

Physical,
informational
Financial
flows
Processes
Systems
Technologies

Kanda and
Desmukh
(2008)

Supply chain
contracts

Information
technology

Information
sharing

van der Vaart et
al. (2008)

Supply chain
attitudes

Supply chain
patterns

Supply chain
practices

Alfalla-Luque et
al. (2013)

Organizational
relationship
linkage

Coordination
and resource
sharing

Information
integration

Fabbe-Costes
and Jahre (2007)
Fabbe-Costes
and Jahre (2008)

methods

Strategic
approach

An important conclusion is that even though the summary in Table
3 presents the key constructs as individual elements, they are
intertwined. Another important observation is that, although Power
(2005) is the only author to view the strategic approach as a construct,
all the reviews take a strategic perspective on supply chain integration.
Therefore, the selected supply chain integration literature has been
reviewed, as described in the methodology chapter, and a model of
analysis built on these constructs. In order to build a model of analysis
that does not oversimplify the fragmented literature, the following
constructs have been used for the literature review:
 The section about the alliances, partnerships and virtual
integration construct describes relationships and levels of
cooperation between organizations.
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 The section about flows of material and information describes
technology and information necessary for establishing
collaboration, how to exchange information, how to plan the
use of resources, and the process alignment of the supply chain
structure.
 The management processes section describes the management of
integration.
 The section on strategic approach emphasizes the point that
supply chain integration is a strategic approach and highlights the
importance of integrating businesses.
3.2.1

Alliances, partnerships and virtual integration

Even though it has been suggested that external integration has to start
with internal integration in order to control the processes (Kahn and
Mentzer 1996), and to cause a perspective change from a “functional
silos mentality” to processes (Romano 2003), the purpose of
integration must be to increase interaction between key partners. This
integration can be achieved through collaborative practices (Barratt
2004a) or coordination of processes, materials or information (Kanda
and Deshmukh 2008). Integration can been seen from a perspective of
acquisition or outsourcing compared to loosely-coupled interaction,
with alliances, joint ventures and partnerships as different contractual
formats for integration.
The term “virtual integration” (Magretta 1998b) describes the
situation where outsourced core competence activities are treated in
the same way as company outsourcing, meaning that the responsibility
of the outsourcing party does not change and they are willing to share
risk and rewards with their supplier (Quinn 2000). Successful
practitioners have shown a tendency towards virtual integration, in
particular Victor Fung (Magretta 1998a), and Michael Dell (Magretta
1998b), who described it as “dispersed manufacturing” The idea can
best be explained as integration based on collaborative partnerships
with suppliers, strong and direct relationships with customers and the
coordination of disparate supply chain elements; this differs from the
structured outsourcing perspective (Quinn 2000). In order for
integration to be successful, a company’s purchasing department would
need to change its perspective of keeping at arm’s length from potential
suppliers when awarding contracts based solely on price and
interchangeability, and view the supplier as a strategic resource and part
of the production process (Kaufman et al. 2000).
Mutuality is another aspect put forward by Dyer and Singh (1998),
meaning that the supplier and the customer are willing to attempt an
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integrative approach. It entails sharing information, developing mutual
trust and changing attitudes and cultures away from “silo mentality”
(Stuart 1997, Kaufman et al. 2000). The relationship between
customers and suppliers is important, regardless of the level of
integration, since coordination is needed 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 and Crum 2005) in a
defined relationship. For Hoekstra (1992) integration means that a
company must share information with its partners, since the process
outcome within a company is dependent on the outcome of the
information and material processing activities with their customers and
suppliers. This type of coordination leads to a potential reduction in
redundant inventory such as stocks at both supplier and buyer, fewer
activities such as quality control and shared, rather than duplicated,
information processing. Reducing lead times in decision-making is the
driving force for the development of coordination. Similar corporate
cultures, at the supplier and the buyer, are crucial if companies wish to
coordinate their activities and share the risks and rewards (Cohen and
Roussel 2005).
It can be concluded that alliances, partnerships and virtual
integration describe different relationships, interactions and
organizational linkages between the supply chain members, both
externally and internally.
3.2.2

Flows of material and information

The management of physical flows of material and the management of
inventories are made more difficult by factors such as decreasing
product life cycles, demand for customization, shorter delivery times
and an increase in the level of global competitiveness (Cooper and
Ellram 1993, Simatupang et al. 2002, Li et al. 2009). Levels of
inventories in the whole supply chain are directly linked to product
cycle times, and cycle times are a function of distance between supplier
and customer, demand uncertainty and the number of changes made to
products (Bowersox et al. 1999). From the perspective of moving
material and reducing inventory, an integrated supply chain offers firms
the opportunity to compete on the basis of speed and flexibility, while
minimizing the levels of inventory (Omar et al. 2012).
Supply chain integration is viewed by (Stock et al. 2000) as
management of information and material flows to tackle challenges
such as regulatory rules, inadequate intermediaries and unpredictable
variation in costs caused by the contextual setting, such as local taxes
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and duties. At the company level, the dependence is on inter-company
policies, identified by Forrester (1961) as a form of local optimization
that creates delays in the system. One possible solution to overcome
such lock-in is to enhance the SCOR model with simulation of the
dynamic effects (Persson and Araldi 2009).
Supply chain integration can produce increased market flexibility
when agility (Gosling et al. 2010) and Agile combined with Lean
(Naylor et al. 1999) are used as a materials and information flow
solution. The use of IT or internet-based communication tools as EDI
or XML (Nurmilaakso and Kotinurmi 2004) are also beneficial in this
area.
Resources planning is another vital part of managing information
and material flows (Barratt 2004b). An integrated model of resources
planning incorporates transparency and mutual trust, and even
common policies for deciding issues such as inventory levels or joint
decision-making in forecasting (Ireland and Crum 2005). For example,
Sales and Operations Planning (S&OP) is an approach to balance the
demands and supply capabilities of procurement, production and
distribution (Wallace and Stahl 2008). The S&OP approach is gaining
recognition as a process framework for supply chain (SC) planning e.g
(Lapide 2005, Jonsson 2011).
Thus, the material and information flows construct describes the
composition of different methods and theories regarding information
systems, physical flows and decision systems, such as S&OP planning.
The construct also consists of the technological aspects of supply chain
integration, such as information exchange through XML or EDI.
3.2.3

Management processes

The management practices in literature originate from a broad field of
organizational theory, including resource-based views, knowledgebased views and systems theory, among others. Management theory
about organizational structure, culture, values and behavior (Cooper
and Gardner 1993), decision-making (Sahin and Robinson Jr. 2005),
teamwork (Shi and Liao 2013), reward structure and measurement
systems (Pagell 2004) or even power issues (Stuart 1997) has its origins
in organizational theory.
Integration permeates through the whole organization and
therefore the dissection of supply chain integration and organizational
theory is carried out on three levels: strategic, tactical and operational
(Ballou 1973). They operate over different time horizons. The strategic
level deals with long-term decisions and covers a time horizon of more
than one year. The tactical level deals with medium-term decisions
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that have a planning horizon of a few to several months. Lastly, the
operational level involves short-term decisions.
Management processes describe theoretical constructs at strategic,
tactical and operational levels connected to organizational theory. In
many ways, this construct is the most difficult to define as a construct
per se since supply chain integration theory and organizational theory
have different methodological perspectives. This is always the difficulty
with an interdisciplinary approach. It has, however, been advocated
that organizational theory as a field could support development of
supply chain integration theory (Ketchen and Hult 2007).
The management approach could also incorporate Lean
Construction, which is a philosophy based on Lean Production and
focuses on delivering value through problem solving networks and
people working with continuous improvements both in production
and engineering (Pasquire 2012).
The theoretical perspectives from organizational theory forming the
framework for analysis have different ontological and epistemological
groundings than mainstream in supply chain integration field (Drejer et
al. 2000). It is important to acknowledge that the aim of the
framework for analysis with its three management process levels is not
to merge these organizational theories on supply chain integration, but
rather to use the different perspectives to illuminate different aspects of
the same empirical space. On the other hand, such ‘multimethodology’, i.e. combining different paradigms to provide a richer
understanding of relationships and their interconnectivities within
organizations, was advocated by Dainty (2008) as presenting an
alternative research design for construction researchers.
3.2.4

Strategic approach

The goal Hicks (1999) attributed to strategic supply chain planning is
to configure the most efficient, highly profitable supply chain system
that serves customers in a market. According to Hicks (1999), strategic
choices through quantitative analysis and policy optimization are
“crucial” to future strategic supply chain optimization. However
desirable it may appear to make informed planning decisions, it is a
difficult task in a dynamic competitive environment which makes the
optimized system unstable (Lummus et al. 1998).
Strategy identifies demand-focused and supply-focused processes
(Cooper and Gardner 1993). Historically, organizations have invested
in resources to develop a core differential advantage in either demandfocused or supply-focused processes, something that has often resulted
in mismatches between demand and supply (Esper et al. 2010).
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However, using a strategic approach to supply chain integration
prioritizes and ensures fulfillment of orders based on the shared
generation, dissemination, interpretation and application of real-time
customer demand as well as ongoing supply capacity constraints (Kim
2006, Narasimhan and Kim 2002).
The strategic construct therefore consists of insights regarding the
need for a strategic fit of the supply chain members, the strategic view
of supply chain integration, and the need for strategic action within the
supply chain integration process.
3.3 Criticism and a model for analysis

A salient criticism of the supply chain integration field in literature is
the lack of evidence showing that supply chain integration actually
improves performance (Fabbe-Costes and Jahre 2008, Fabbe-Costes
and Jahre 2007). Another criticism is that if supply chain integration is
such a viable strategy, then why is it not happening on a broader scale
(Fawcett and Magnan 2002, Fawcett and Fawcett 2013)? The concept
has also received criticism from the construction sector where it has
not been seen as a viable strategy, mostly because an integrated supply
chain can reduce flexibility and requires substantial investments. The
construction market is highly volatile with large variations during both
economic recession and growth periods (Briscoe and Dainty 2005)
and, in particular in reference to SMEs (Dainty et al. 2001), is
associated with high risk. The conclusion from the analysis of the
literature is that it is fragmented with many definitions that rarely build
on previous empirical knowledge, but that it is also a mix of theory,
methods and practices.
Based on the literature about supply chain integration, and its
criticisms, the standpoint in this thesis is that a supply chain integration
framework needs to adopt a more holistic approach to comprise the
different approaches, different levels and perspectives. By moving
towards an integrated supply chain framework, as described in Figure 2
in the Methodology chapter, we can identify future directions for
defining relationships between the constructs. To see direct
correlations between elements in supply chain integration is beyond
the scope of this thesis. However, incorporating constructs without
claiming or trying to find direct correlations, the model for analysis in
this thesis adopts a holistic viewpoint considering these constructs
(Figure 2). The holistic view should be viewed in contrast to
(Childerhouse and Towill 2011, Fabbe-Costes and Jahre 2008, AlfallaLuque et al. 2013, Kanda and Deshmukh 2008, van der Vaart and van
Donk 2008) who all built supply chain integration constructs using
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defined elements. To use constructs as components implies a
decomposition of the whole. The research questions in this thesis are
formulated with the purpose of creating an understanding of the
concept of integration per se, and how that need for integration affects
and supports small suppliers in industrialized house-building.

Figure 5. Supply chain integration framework based on the literature
review.
The supply chain integration framework is built up using the four
constructs (Table 3) and used for analyzing the five appended papers.
The supply chain integration is considered to consist of processes as
well as individual entities. The strategic approach has a similar effect on
the alliances, partnerships and the virtual organizations, and affects the
physical flows and information structures. Since the approach can be
either run from operational processes to strategic processes or vice
versa, it is not clear which construct precedes which. Management
processes incorporate all these constructs coupled with a theoretical
field of organizational theory, thus revealing its interdisciplinary
relationship. The constructs (Figure 5) are a mix of theoretical
constructs and methods used in the supply chain integration process.
The research questions are a conceptualization of this process view.
Constructs and supply chain integration of the events at the strategic,
tactical or operational levels are examined in the longitudinal case
study. The contextual setting, shown in Figure 5, affects the whole
integration process depending on contextual variables such as business
environment and company size.
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4 RESEARCH FINDINGS
This chapter presents the findings from the appended papers that answer the
four research questions and an analysis of the empirical data from the
longitudinal case study based on the strategic, tactical and operational levels.
4.1 How does the contextual setting of industrialized house-building

affect supply chain integration (RQ1)?
The results from Papers I – V indicate that industrialized housebuilding needs supply chain integration and at the same time the
requirements of industrialized house-building enable supply chain
integration. The industrialized house-building contractor cannot view
the supply chain as a black box, and manage the integration by only
defining the interfaces and contracts, since the suppliers’ variation in
quality, lead-time and throughput will eventually affect the project
performance (Vrijhoef and Koskela 2000). Therefore, the industrialized
house-building contractor can benefit from the extension of the supply
chain integration perspective from on-site, through off-site, to supplier
processes, in order to gain control of the whole supply chain. At the
same time, the contractor should acknowledge the need to understand
that statistical variation in the supplier processes, or unexpected events
at the supplier, become the contractors´ problem if not solved.

Figure 6. Level of integration from the on-site, off-site and supply chain
perspectives (Paper I).
Supply chain integration requires a change of perspectives from the
contractor viewpoint but also from the supplier viewpoint. The
different perspectives of on-site, off-site and supplier processes are
shown in Figure 6. This change in perspective by the contractor means
that the suppliers, willing to integrate, benefit from collaboration and
can even gain a competitive advantage. In Paper I, I argued that there
are characteristics of industrialized house-building that enable supply
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chain integration: product view, process view, long-term relationships, an
integrated view of the coordinated flow of material and information, and the
strategic perspective of supply chain integration among the actors.
Paper II concluded that the product view is central to the
integration so the supplier perspective of the product has to evolve.
The supplier perspective of the product has to change from a
production focus to a customer focus. Production focus means that the
supplier focuses on the physical attributes of the product and optimizes
the production flow using a company internal perspective in order to
increase resource utilization i.e. they have a strong resource-based view
(Barney 1991). Customer focus means that the supplier views its
products as a part of the customer’s production system. In this way, the
customer focus is not only on the physical attributes such as
dimensions, or quality, but also on the product service attributes such
as delivery time, delivery reliability and logistics configuration. An
example, from Paper II, is that the sawmill does not only consider a
delivery to be just of a beam or stud, but views the product as a part of
a disturbance-free assembly process at the industrialized house-building
contractor. This apparently simple example hides many changes and
consequences. First, this means that the sawmill has to change its focus
on quality, where previously quality has meant to meet a specification
at a statistically satisfactory level. Each pallet has a number of items
with an accepted quality and a number of items with unacceptable
quality, but at the pallet level, this is satisfactory. Normally, the
contractor would sort out the unsatisfactory items. Viewing the
product as part of a disturbance-free assembly process at the
industrialized house-building company means that a sawmill has to
understand the idea of accepting quality on an individual level,
meaning that they have to deal with fewer items that are deemed
unsatisfactory. Another aspect is the price: traditionally, it is stated in
terms of money per volume unit, SEK/m3 or €/m3. However, the
service attributes of picking and packing individual items, new quality
standards and just-in-time delivery are difficult to quantify in monetary
terms only (€/m3) and, in this case, would have to be stated in using
additional parameters.
The process view, as concluded in Paper I, means that the
business processes are integrated through information sharing, decisionmaking but also learning. The results from Paper I indicate that this
process view, where processes are considered reoccurring even though
the project or building is unique, is different from the project-based
view of industrialized house-building companies, where the processes
are considered unique. If the processes are considered unique within
Supply Chain Integration for Small Sawmills in Industrialized House-Building

Research findings 39
the project and by other organizations, then defining the processes can
be considered a waste of resources. Therefore, the conclusion from a
project-based viewpoint is to focus on defining the interface between
the project and other organizations, which is normally achieved using
purchasing and design specifications. One might argue that the need to
define the interfaces is equally wasteful. However, large organizations
have learned that organizing interfaces and managing contracts presents
an opportunity to gain economies of scale through focusing on
purchasing. Paper I concluded that a common and coherent process
view, between contractors and suppliers and internally within these
organizations, is a fundamental element of supply chain integration.
Paper II and Paper III support this finding, where the critical events
were collaborative definitions of the design, order and delivery
processes. The processes were defined and described in interorganizational teams. For example, as described in the conclusions
from Paper II, the industrialized house-building contractor and the
small sawmill undertook a joint project where they described the
process activities in detail for an order process and the information
interaction within that process. In this order process, which produced a
CAD/CAM production process, the data quality and the timing of
information sharing were crucial inputs to assure good quality, short
lead-time and a continuous flow for the product.
Paper I concluded that long-term relationships are beneficial for
the supplier since it is possible to develop products and processes in
close partnership with the industrialized house-building contractor. As
concluded in Paper IV and V, the long-term perspective creates
common ground where it is beneficial to share resources between the
supplier and the contractor, in this case to reach a common objective.
An example that illustrates the sharing of resources is illustrated in
Paper II, where a group of machines used for precutting and drilling at
the sawmill was partly dedicated to the industrialized house-building
company. If that company had not guaranteed production, the sawmill
would not have invested in the machines. Sharing of these resources
enabled the sawmill and the industrialized house-building contractor to
develop the processes and products which would not have been the
case if the companies worked separately, since neither of them had the
requirement to fully use such a resource. The focus on long-term
relationships also enables continuous communication and dialogues,
giving the supplier an opportunity to truly understand the needs and
requirements of the industrialized house-building company.
In Paper I, the coordination of the flow of information and
flow of material was found to be essential to a small supplier’s
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attempt at supply chain integration. The establishment of not only
coordinating processes and roles for handling forecasts, order
information, product data and financial transactions, but also
establishment of intercompany standardized information technology for
data exchange, enable supply chain integration according to Papers II –
V.
The findings in Paper I indicate that the characteristics of
industrialized house-building companies are beneficial for a supply
chain integration between the contractor and the supplier, yet they
have to have a strategic perspective of the supply chain integration.
A project-based purchasing supply strategy, where supplier selection is
heavily dependent on supplier interchangeability and low cost, would
probably be counter-productive. As found in Paper III, the strategic
perspective means a strategic approach to operations, materials and
logistics management, in order to deliver value at less cost to the supply
chain as a whole.
4.2 How can supply chain integration be supported with the

business model concept as a strategic process tool (RQ2)?
The findings in Paper II indicate that the small sawmill business model
needs to align internally, but also externally to the way in which the
industrialized house-building company seeks to establish contractual
relationships with suppliers. A supply chain integration strategy will not
work if the house-building company uses traditional distribution
channels. For example, if the industrialized house-building company
wants the suppliers to be able to modify or develop new products and
processes, traditional distribution channels which use commodity
products and selection normally dependent on price and flexibility, will
not work. Both the industrialized house-builder and the supplier will
start with the wrong assumptions and have preconceived attitudes
about the collaboration.
Paper II shows that the small supplier needs to integrate all the
business model components in order to be able to meet the
industrialized house-building companies’ demands and needs. The
sawmill business model components (market position, offering, operational
platform) are affected by increased customer integration. The business
model and its components have to interact and their configuration has
to fit them together. The market position needs to correlate with the
integrated operational platform in order to fit with the offering;
otherwise the business model will not be viable. However, not all
customers are from the industrialized house-building segment and may
have other needs and requirements, such as those for the export
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market, and therefore the sawmill would have to operate two parallel
business models. The market position should be such that the sawmill
can continuously receive and collect feedback regarding product and
process requirements without having to rely on third parties. For
example, the sawmill circumvented the market channel and started
direct deliveries to the contractors and industrialized house-building
companies. The offering should include integrated teams that jointly
solve problems and a pricing based on the nature of the product and
services, which could be achieved by re-formulating them and
communicating through customer visits, workshops and marketing
activities. Finally, the operational platform must be able to handle the
needs of individual items, exact lengths, and just-in-time deliveries, as
well as packing and shipping. To support the offering, development
capabilities complementing production capabilities must be built into
the operational platform through investments in new machinery and
process development.
Paper II describes the need for a consensus on the definition of the
business model by the supplier and the industrialized house-building
company, but also internally in organizations, in order to succeed with
supply chain integration. The theoretical framework shows that the
business model is a powerful tool that can be used to visualize the ‘tobe’ situation internally and externally but, for a change process to be
successful, it is important that all actors accept the new game plan.
Otherwise, it is likely that the actors will go back to the behavior of
the previous business model. For example, if the industrialized housebuilding company had not accepted that the small sawmill had changed
its offering, they would have continued to request quotations and issue
contracts based on expectations of the old business model.
In Paper II, the empirical data indicate that adding more value by
further processing (primary and secondary value-adding processes) through
developing products, services or processes requires investments in
forward integration. An acquisition strategy is not viable for the small
sawmill not only from a resources perspective, but also from a risk
perspective, which was demonstrated when the owners of the sawmill
terminated their attempt to acquire an existing wall manufacturer
business. Therefore, the forward integration for small sawmills was
either achieved through collaboration (joint projects) or partnering
(contracts). The findings from Paper II show that all the new contracts
issued to the sawmill by industrialized house-building contractors
started with joint product or process development projects. These
findings also show that there is a range of types of collaboration, from
supplier-customer relationships (builders’ merchants) and partnering
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(large contractors) to fully integrated supply chain (industrialized
house-building companies), between the sawmill and its customers.
4.3 How can supply chain integration be supported with sales and

operations planning as a tactical process tool (RQ3)?
Planning of resources and the alignment of the inter-organizational
processes between companies is a crucial capability. Paper III
concluded that the changed business model requires planning methods
at a tactical level. Sales and operations planning (S&OP) is such a
tactical planning approach, with the purpose of balancing demand with
the supply capabilities of procurement, production and distribution. It
is a planning approach that combines and mediates the different plans
and forecasts from functional units and generates a plan for steering and
control of performance. The small sawmill needed to balance the
production system performance and customer integration with further
processing products.
Data presented in Paper III indicated that the small sawmill
management had understood that a strong production focus would lead
them to make the wrong tactical decision if the business model focused
on customer integration. Symptoms included inventory levels at the
company being too high since there was never enough storage space.
Another symptom was constant disagreement between production and
the sales department, which intensified when the demand from the
new business model increased and internal policies could not support
the new business model. Hence a change was needed and, based on the
orders from the board of directors, the company implemented S&OP.
Paper III shows that S&OP improved the internal and external
supply chain integration, but also made it possible to separate
operational planning from tactical planning and thereby reduce the
reactive planning and the constant re-planning at the sawmill.
However, the obstacles were not only both cultural and human in
origin, but also related to software and data. Lack of training and
understanding of supply chain management were identified as causes of
these difficulties, but the sawmill management had also underestimated
the difficulty in changing the mindsets of the employees. This indicates
that in order to be able to integrate the supply chain, it is important
first to integrate the internal functional departments or processes with
each other, for example production and sales need to be integrated
internally before production can be integrated with the external
customer.
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4.4 How can supply chain integration be supported with decision-

making support as an operational process tool (RQ4)?
It was shown in Paper IV that operational decision-making at the small
supplier needs support using methods for assessing and supporting a
process development necessary for delivering customer values to
industrialize house-building companies. This is especially important
when integrating customer demand with production processes. The
findings from Paper IV suggest that integrating value stream mapping
and discrete event simulation into a framework gave the manager the
opportunity to verify outcomes before proceeding with improvement
strategies.
Operational decision-making regarding the product development is
also vital for the small supplier. Since the product should be integrated
in the industrialized house-building contractor’s platform, as discussed
in RQ1 and the product view, it is crucial for the small supplier to
operationalize the customer value into product development
parameters. The findings from Paper V indicate that the framework for
parametric value stream mapping gave the manager the opportunity to
verify product parameters before proceeding with further production
process development and marketing of a product. An additional benefit
of the integrated framework is that the manager had time to
understand the problem description and the suggested solution from a
customer perspective i.e. it supports decision-making based on rich
information.
Paper IV also indicates that it is reasonable to assume that the
proposed integrated framework of value stream mapping and discrete
event simulation helped the management to make decisions based on
rich information. Therefore, simulation, experimentation and
evaluation of the future behavior of a new system may help to support
the managerial decision-making process for small companies, since
decision-makers often lack important information and, consequently,
uncertainty is present throughout the decision-making process.
Paper IV also acknowledges that the need for validation before
changing production processes is important for small companies. These
companies are often economically vulnerable and more dependent on a
steady flow of transactions. In addition, ownership, management and
control are normally handled by one person, implying a simpler
decision-making process than in large enterprises. However, in smaller
organizations, ideas that reach the introduction stage without having
been first evaluated using a rigorous stage gate process can cause
uncertainty at the point when managerial decisions require validation
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of those ideas; this is often connected to monetary commitments that
are made prior to implementation.
Small businesses tend to think in the short-term, focus on
operations and react in a more intuitive way to situations rather than
using analytical data. Situations such as random variability in customer
demand are often overlooked. The integrated framework makes it
possible to validate solutions analytically and compare current state
designs with future state designs in respect of throughput, inventory or
operational costs. In general, this implies that improvement strategies
for supply chain integration would benefit from the proposed
framework in Paper V.
4.5 Strategic, tactical and operational processes

The research questions are a conceptualization of the small sawmill’s
transition towards supply chain integration at a strategic, tactical and
operational level. The conceptualization itself becomes problematic
since it divides the integration into research questions and
corresponding findings. Based on my systems perspective i.e. the view
that the studied object is the whole not just its components, this
construct does not work for three reasons. First, I categorize the
findings that could be characterized as strategic, tactical and operational
managerial decision levels, but the transition appears rather to involve
three different levels of interaction and interdependent processes.
Second, the notion of decision levels suggests a degree of managerial
awareness that tends to ignore the effect of organizational settings and
contextual settings on the transition. Finally, it is difficult to draw clean
boundaries between these three levels, due to their intertwined nature,
but also since these levels do not have exact definitions either in
literature or at the case company. In a larger organization, this might
be possible to deduce from the organizational chart or a budget
process, but with a small company, these different levels exist within
one or few roles.
I therefore propose a conceptualization of the supply chain
integration (Figure 7) that recognizes the existence of three interacting
processes, themselves interacting with other processes. They also
influence, and are influenced by, contextual variables.
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Figure 7. Conceptualization of the whole supply chain integration showing
the embedded strategic, tactical and operational processes and their mutual
dependency along with the interaction with the organizational and the
contextual settings.
4.5.1

Strategic processes

Strategic processes refer to the decisions, activities and events that, in
this case, integrate one or more new business models with customers.
As mentioned, the business model is crucial in determining whether
the organization will adopt a new perspective of supply chain
integration or not. Strategic processes are also the most difficult of the
three concepts to identify, since their tools and forms are not as easily
defined as planning or simulation tools supporting operational
processes. However, since the strategy can be a deliberate positioning
within the market (Porter 1996) or an emergence into that market,
(Magretta 2002) it will fluctuate over time in response to ongoing
events. In fact, commitment to the new business model only becomes
a reality when a contract is signed with an industrialized housebuilding contractor. However, each activity undertaken is an
investment in the new business model and a signal of commitment to
the transition. It was impossible to trace in detail the precise nature of
the work done by managers and key roles over time as their strategic
commitment to the new business model developed. However, the
interviews and participant observations enabled detection of events and
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actions that supported the strategic phenomenon of the supply chain
integration. Such events and actions were:
 Strategic alliances: Throughout the longitudinal case study,
important strategic alliances can be detected. It is remarkable
how fast the sawmill could establish relationships with two large
national contractors that had recognized relationships in the
relevant distribution channels. The case data do not reveal the
cause, be it the contractor’s strategic decision to purchase
supplies direct from the sawmill, or the sawmill being able to
offer more knowledge about timber to solve problems the
contractor had, or aggressive pricing driving demand. It may be
that there were multiple causes rather than a single one. Early,
even before the case study begun, one of the first alliances was
established with an industrialized house-building company that
started a common strategic project to outsource activities from
the off-site facility to the sawmill.
 Strategic projects: All of these alliances, observed in the case study,
started with a common process or product development project.
After the project, the integration proceeded to contractual
discussion about the production and delivery of the products
that the sawmill offered. These strategic development projects
gave the sawmill an opportunity to understand the needs of the
customer and use that advantage in knowledge in order to form
a strategic alliance.
Paper II describes how the small sawmill uses the concept of
business models, a development of the resource-based view theory, to
define the business approach as a strategic process.
4.5.2

Tactical processes

Unlike the strategic level process related to business models, the tactical
level processes are somewhat more explicit. Often the tactical events,
decisions and activities were, in the case study, carried out in one of
the departments with final decision-making often undertaken by the
CEO and therefore tangible and traceable through documents, emails
or other artifacts. The tactical process activities and events that arose
from the case study are:
 Sharing of resources and information: On a tactical level, it was
decided to share resources for development, including existing
resources but also by using consultants and sharing the costs
between the supplier and the industrialized house-building
company in specific projects. These processes were often not on
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a daily operational level but, as one example, an agreement
between the purchasing manager from the industrialized housebuilding company and the sales manager from the sawmill. Such
an approach may also include the sharing of information
supplied by the contractor about product demand and used for
the S&OP approach at the sawmill.
 Coordination resources, material and information: The tactical level
included load planning through the release of incremental orders
while reserving capacity at the sawmill for the whole building
project. Previously, the contractor had released the whole
material order, as a large batch, leaving just one or few weeks for
the material to be delivered. On a tactical level, the company
could decide to reserve capacity on a weekly basis at the sawmill
and release incremental orders at the pace that the contractor
had planned to assemble the building.
 Planning Approach: The need for sharing and coordination also
gives insight into the need for a planning approach at a tactical
level. It means that the sawmill needs to have a capacity plan for
the resources according to the demand from the industrialized
house-builders, but also that the industrialized house-building
contractor has an approach to reserve capacity rather than just
sending orders.
Paper III has further showed that the planning of resources and the
alignment of the inter-organizational processes between companies is a
crucial capability and the altered business model requires planning
methods for decision-making at a tactical level. S&OP is one such
tactical planning method (Jonsson 2011).
4.5.3

Operational processes

Operational processes are closely related to the operational platform in
the business model. Operational processes are those that carry out and
deliver the decisions made at the strategic and tactical levels. These
activities also have to co-exist with the old business model and the
process flows that deliver to the other channels. Several different
emotions, from resignation to resistance, were observed among the
operational staff, but also an individual drive to change the business
operations in order to meet the demands of the new business model.
Throughout the case study, the larger share of the total revenue was
based on the old business model, but the profitable products came from
the new business model. From the case study, four dominant features
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that support supply chain integration on an operational level are
evident:
 Material flow: The aim of industrialized house-builders is for a
continuous flow of products meaning that the emphasis is on
throughput rather than on one-sided resource utilization. This
working principal also means that incremental orders can be
released, executed and controlled incrementally at the sawmill
rather than grouped into large orders. The processes involved in
further processing, such as pre-cutting or production of simple
products such as lift-posts , changed the focus from increasing
batch size towards focusing on a continuous production rate on
a daily level. It also means that combining deliveries for other
channels, typically so-called make-to-stock (MTS) items, and
make-to-order (MTO) for industrialized house-building
products, were handled using various techniques. One such
technique was cyclical planning, where the daily incremental
orders from the industrialized house-building company (MTO)
were planned into the production schedule for the pre-cut
machines together with orders for standard assortment (MTS) or
special orders, so called engineer-to-order (ETO) on a cyclical
manner instead of planning orders according to batch sizes.
Cycles were often broken down into daily or weekly production
runs.
 Information flow: The sawmill worked with the industrialized
house-building companies to find ways of exchanging
information manually and automatically. Such information
includes forecast information about future projects planned for
industrialized house-building production, but also order
information and product information. An important role is to
break down the demand from the industrialized house-building
company into production orders at the sawmill.
 System integration: Even though there is some automatic
information exchange, there were some crucial events that
revealed an increased IT system integration between the sawmill
and the industrialized house-building company. System
integration is about exchange of product data i.e. drawings
automatically broken down into individual items describing
dimensions and quality then transferred through e-mail to the
sawmill. The system could perform an automatic quality control
of the data before loading them into the CAD/CAM system.
 Process descriptions: The need for describing different roles and
responsibilities of the actors grew as the material flow and
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information flow increased. This is demonstrated by questions
such as ‘where will quality control be performed’ (data and
material), ‘who will initiate the production’ and ‘how is the
order process carried out. The case study findings show that one
of the most developed integrated relationships involved a good
deal of time describing the interaction in some detail, in order to
secure data quality and timing. An important observation is that
simulation facilitated incremental process improvements.
Ingemansson and Bolmsjö (2004) has reported possibilities for
disturbance reduction in manufacturing systems by using discrete
event simulation, but in another contextual setting.
4.6 The mutual dependency of integration and transition

The findings from the papers that answer the research questions,
coupled with the rich empirical data, show that supply chain
integration is a complex phenomenon. However, there is another
underlying assumption that needs to be taken into account: the supply
chain integration cannot be clearly isolated from the overall
transformation process within the sawmill. Links between supply chain
integration and the actual transformation form through strategic,
tactical and operational processes. Sometimes, the supply chain
integration was an element of a deliberate strategy, typified when the
board of directors and top management agreed on the new strategy and
a five year plan. Sometimes, integration was more opportunistic, as
when an integration project was partly launched in order to win an
order issued by a large national industrialized house-bundling
company, or when the CEO investigated the possibility to acquire a
house-building factory in mid-Sweden as a joint venture with one of
the larger industrialized house-building companies. The case study
findings also showed that when integration evolved, the integration
itself affected future strategic decisions in other areas such as internal
information sharing or approach to new market segments (single-family
house-building companies).
In summary, the supply chain integration levels are also a part of
the development of other strategic areas, such as the old business model
or existing distribution channels. Individual decisions on these levels
cannot be isolated from one another, but may be represented as a series
of parallel interacting activities over time, that constitute the level of
supply chain integration as shown in the flow charts in Papers II – III.
This observation is important, not only for the study of the supply
chain integration approach, but also for the transition of the sawmill in
general.
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5 DISCUSSION
This chapter presents a discussion of the theoretical and practical implications of
the thesis along with some reflections about the research findings and research
work.
5.1 Research implications

This thesis and appended papers explore a sawmill’s transition from a
focus on raw material optimization and increased production efficiency
towards a focus on supply chain integration with industrialized housebuilding companies. The main contribution is empirical data about the
supply chain integration on strategic, tactical and operational levels
synthesized in the research findings chapter (Figure 7). There are
theoretical and practical implications derived (Figure 2) from these
findings.
5.1.1

Theoretical implications

The scientific implication is a theoretical enhancement of the
fragmented supply chain integration theory within the industrialized
house-building context (Figure 5). The theoretical enhancement is
achieved by synthesizing the literature into a theoretical framework
based on the understanding that supply chain integration has a dual
nature: a process and an entity. The supply chain integration
framework is built up using the constructs strategic approach, alliances,
partnerships and virtual organizations, physical flows and information
structures, and management processes. The latter incorporates all these
constructs with the theoretical field of organizational theory, revealing
the framework’s interdisciplinary relationships. The theoretical
framework is then expanded using findings from the study (Figure 2).
This synthesis is carried out from the perspective of the supplier. The
theoretical implications about the dual nature of integration and the
strategic approach from operational processes to strategic processes is
supported by empirical evidence from one longitudinal case study at a
small Swedish sawmill. The research captures the intertwined processes
on strategic, tactical and operational levels and the change in the focus
towards a supply chain integration approach, and explores empirical
findings in close connection to that change. The need for more
empirical data regarding supply chain integration has been described
previously (Frohlich and Westbrook 2001, Childerhouse and Towill
2011, Fabbe-Costes and Jahre 2008, Alfalla-Luque et al. 2013).
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A theoretical implication, derived from the dual nature of
integration and the interdisciplinary framework, is that the three
process levels provide insights into supply chain integration for small
suppliers in the industrialized house-building context, but none of
these process levels is a complete description of the supply chain
integration in itself. A conceptualization of the whole supply chain
integration process (Figure 7) is proposed interconnecting all three
levels of processes. These process levels are also decision levels, and are
differentiated depending on the time horizon of related decisionmaking; the concept originates from organizational theory (Sahin and
Robinson Jr. 2005). An integrated approach, or fit, is also suggested by
(Mintzberg 1983). Figure 7 is a representation of the phenomenon; the
empirical findings do not describe all the complex inter-relationships
that exist between supply chain integration entities, issues within the
organization (quality improvement programs, product development,
reduction of inventory levels, discussion about transferring the business
to a younger generation) and contextual variables (business size,
sawmill category, customer base and timber harvesting yield area).
Another implication, derived from the dual nature of integration
and the interdisciplinary framework, is that the business model
components (Kindstrom 2010) should be viewed as an integrated
entity, with different market positions, offerings and operational
platforms, one that has to be compatible with the industrialized housebuilding company (Paper II). However, moving from one business
model to another is not an easy undertaking. Evidence from so-called
business model transformation (Giesen 2007, Johnson et al. 2008,
Chesbrough 2010) reveals different types of difficulties. In the case of
small sawmills moving from raw material and production focused
strategies to a market-oriented and value-added focus, there needs to
be new types of strategic thinking that, in important ways, are contrary
to traditional success factors. This idea builds on the previous business
model research within industrialized house-building (Brege et al.
2014). This research produced a viable business model design of
industrialized house-building that took the prefabrication mode as the
starting point and where integration of suppliers and subcontractors
became a key capability for industrialized house-building companies.
The work in this thesis contributes to the understanding of the supplier
role in the industrialized house-building context.
The theoretical implication from this thesis is that S&OP can be
used both as a driver for integration and a tactical toolbox (Paper III)
from an integration planning perspective. This finding agrees with
results by Barratt (2004b) and Skjoett-Larsen et al. (2003) who argued
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that integrated planning can enable the supply chain integration and
coordination of processes between participants in a supply chain.
The framework also implies that supply chain integration can be
achieved through coordination of material and information flows with
operational decision-making. This idea used the need for an integrated
view on a supply chain as proposed by Forrester (1961). According to
Forrester (1961), local factors, such as stocking policies, cause feedback
and delays in material and information in a system; this is termed the
bullwhip effect. Integrated operational decision-making could prevent
sub-optimization due to such local policies, as shown by the theoretical
frameworks developed for capturing customer value in Paper IV and
Paper V.
5.1.2

Practical implications

The practical implication of this work is that small suppliers to
industrialized house-building companies need to increase their
understanding of their customers’ requirements and that those suppliers
must improve their businesses to meet the demands of those
companies. Supply chain integration requires a change in business
models, planning methods and operational decision-making. From a
practical standpoint, the result offer managers examples of the benefits
of supply chain integration and provides them with an understanding
of the interplay between strategic, tactical and operational processes.
More importantly, managers can use the methods provided to support
decision-making on each of the strategic, tactical and operational
process levels.
Managers can use the business model as an “as-is/to-be”
conceptualization tool to define the desired to-be state of supply chain
integration. The business model concept has been used as a tool for
scientific analysis of the company’s strategy implementation and its
effects (Paper II) but, on the other hand, it is a tool that can be used by
the small sawmills to tell the story of what the company is doing
(Magretta 2002). It can be a powerful communication tool internally,
in order not only to create understanding of what kind of business the
company really is, but also to communicate externally to customers and
suppliers. The managers can use the concept of the business model
with the components of position, offering and operational platform for
each customer segment or product family in line with Osterwalder et
al. (2006). The practical implication is, however, that the company has
to find a fit between the components and the environment and think
of the business model as an integrated entity.
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Insight provided by the S&OP approach is that it can provide small
suppliers with a planning method in order to balance the supply and
demand, and thereby pursue a strategic level of supply chain
integration. This is especially important when the supplier increases the
level of processing using a convergent (several raw materials and
components assembled to products) product flow and does not only
work with a divergent (several products made from a common raw
material) product flow. The implication is that managers can use the
S&OP as a tactical planning tool to enhance alliances or cooperative
relationships. The exchange of information, such as forecasts, order
information or product information for the purpose of planning
through regular meetings, telephone conferences and site visits, plays a
positive role in enhancing the relationship. By meeting regularly,
information exchange takes place and organizations are able to establish
clear communication channels. This process of information exchange
supports the strategy of supply chain integration. The implications for
managers are that they should see these meetings and exchange of
information as an investment in the relationship rather than just a cost.
Managers can also use the integrated method of value stream
mapping and simulation, presented in Paper IV, to support operational
decision-making. The method can serve a purpose when evaluating
discrepancies revealed in the “as-is/to-be” design of processes, or
evaluating the configuration to reduce the discrepancy before actually
implementing the new process. This is a solution-based method to
reduce the risk of implementing costly non-valuable solutions in small
sawmills. The suggestion is that, by using this method, small sawmills
could realize greater levels of business improvements and thereby stand
an increased chance of gaining benefits from an integration approach.
The positive role of supply chain integration does indeed raise
interesting managerial questions regarding the capturing of benefits for
both the industrialized house-building company and the supplier. Small
companies will need to consider how to design performance
measurement systems that capture the benefits from supply chain
integration. These benefits for the buyer are likely to be more long
term and may focus on broader issues, such as experience feedback,
collaborative technology and product development, as well as resource
sharing, as opposed to reduced costs through lower purchasing prices.
If the requirement, from the industrialized house-building company is
disturbance free assembly, there might be another benefit, if the
purchasing could work with performance based procurement as has
been reported in on-site construction for example bridge maintenance
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(Rizal et al. 2013) this could move away the whole sector from
discussion about cubic meters as a value parameter.
5.2 Reflections on the research

The purpose was to explore a company’s transition to an integrated
supply chain and thereby enhance the supply chain integration theory
through examining a longitudinal case study at a small Swedish
sawmill. I here reflect on the research findings and research work
presented.
5.2.1

Reflections on research findings

This thesis does not propose a normative description of how supply
chain integration should be carried out and measured, or how it affects
the performance of the companies involved. Possible drivers for a
change towards supply chain integration are discussed but the
connection to, and relationships between, theoretical constructs
constituting supply chain integration is not in the scope of this thesis.
However, the research does build a theoretical framework regarding
both the dual nature of integration and the interdisciplinary approach
through organizational theory that adds to the understanding of the
supply chain integration process on strategic, tactical and operational
levels in the contextual setting of industrialized house-building.
The research findings raise some issues that need to be addressed.
First is the underlying assumption that the observations are specific to
small suppliers. Ylinenpää (1997) suggested that, in small companies,
decision-making will be less formal than in larger companies and it will
be centralized around a CEO or a few key people. The observations
confirm this in many ways, especially those described in Paper III
regarding driving the process of S&OP, and Paper II where the supply
chain integration approach was initiated and supported by the CEO. In
larger companies, functional managers would be more autonomous and
there would be a greater need for justification and consensus in order
to ensure full support of integration. However, this thesis does not
make a comparison between a larger company and a small company
(SME). The empirical data are collected from a small sawmill and,
therefore, the results should be seen from this perspective. The
theoretical framework is based on supply chain literature where the
theory is not specific for small companies; therefore, it is relevant to
speculate on whether the processes on the strategic, tactical and
operational levels would affect contextual variables differently in a large
company. It seems likely that supply chain integration on these three
levels is present in all types of companies. However, the events on
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these three levels occur simultaneously and therefore it is difficult to
separate three distinct levels of processes. The simultaneous appearance
might even suggest that the conceptualization on three levels is not the
only way to dissect and conceptualize supply chain integration.
The second issue regarding the findings is whether industrialized
house-building can be treated as a contextual setting. It has been
advocated that, from a supply chain perspective, it might be clearer to
describe the setting from a production strategy perspective i.e. whether
the customer’s main production strategy is based on so-called engineerto-order (ETO) or make-to-order (MTO) might indicate different
needs and also alter the value offerings from the perspective of the
supplier. For example, a single-family house manufacturer’s production
strategy is based on make-to-order, but multistory building production
is characterized by an engineer-to-order production. However, the
finding suggests that the theoretical framework developed would
benefit from investigating the supply chain integration from these
production strategy characterizations.
The third issue based on the research findings is whether the
sawmill can be treated like any other supplier. I have described in the
methodology chapter why the sawmill can serve as an extreme case
when generalizing the findings. Sawmills work with commodity,
make-to-stock, products and products with a high degree of
uniqueness, often make-to-order products. My conclusion is that the
sawmill is, therefore, a relevant case to study. However, the question
remains as to whether production-intensive suppliers differ from
distributing suppliers, or even if the raw material intensive suppliers
differ from component manufacturers, something which cannot be
answered within the scope of this study.
The fourth issue raised by this study is the notion of a deliberate
decision to proceed with supply chain integration and whether that
event can be easily isolated and studied within a system of two or more
companies. However, I observed that the sawmill made a strategic
decision and produced a formal document supporting that decision.
Similar decisions from the customer are not as easy to study or follow.
As mentioned, the actions and events preceding and following that
decision are not always deliberate; they might be opportunistic and
even accidental. To deal with this issue, the process diagrams shown in
this thesis were used to visualize and facilitate the analysis of the
material. These diagrams together constitute one of the contributions
of this study. The process diagrams allow analysis of a central issue
(business model from Paper II or S&OP from Paper III) without
drawing rigid artificial boundaries or relationships between different
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issues and the contextual variables. This contextual and processoriented approach does, in my view, more closely describe the way
activities, events and decisions are structured in the inter-organizational
interplay, than a mechanistic entity-based approach would.
5.2.2

Reflections on research work

The reflection on the results indicates that the research work could
have been strengthened by using one or more methodological
strategies in order to increase the construct validity. This is especially
important since the investigation was carried out as a single
longitudinal case study, that could have benefitted from multiple case
studies or multiple methodological approaches. Bias has been reduced
since the analysis was carried out by several research colleagues with
different theoretical backgrounds. Of course, these research colleagues
have not been continuously involved in the observations, but have
only received the narratives of the case studies, which have also been
affected by my own interpretations.
During the observations in 2010 – 2012, I spent the majority of my
time physically at the sawmill and one might not only ask how this
degree of involvement has biased my analysis but also how it has
affected the study object, in this case the personnel, supplier and
customers at the sawmill. This is a tradeoff between affecting the object
studied and the need to collect data. I have been aware of this potential
bias and have applied methodological approaches to reduce that bias
and contamination of the study object, but it cannot be ignored when
interpreting the results.
My presence during all the top management and budget meetings
has certainly affected the participants, especially since all have
understood that the meetings were recorded. My observation is that,
over that time, the personnel became used to me and eventually they
did not need to maintain any façade as they became accustomed to my
presence; they may even have regarded me as part of the management
group. This is, however, a double-edged sword, where my analysis,
reflections and observations may have steered decisions in a particular
direction.
This possible bias has been constantly reviewed during scheduled
meetings with my supervisors every fortnight over this period. These
meetings have given me the opportunity to be debriefed and
continuously correct and improve not only my actions at the
observation site, but also my data collection methods. The workshops,
seminars and conferences with continuous reporting have also given
me an opportunity to receive input and verify my findings, thus
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reducing bias. The research has not been designed as deliberate action
research even though, in some aspects, it could be characterized as
such. The difference is that I have not been part of the decisionmaking, or created artifacts, even though my presence might have
affected these. Therefore, it cannot be described as action research.
One question that one must always ask in mode II research is
whether the research matters and what has it contributed to the
society. My standpoint is that this research has contributed from two
perspectives: from an application point of view, but also from a
personal interaction level. From an application perspective, we can
conclude that the S&OP and simulation were tools that actually
produced a change, even though I cannot verify the cause-effect
relationship until there have been further studies. However, for the
company, the use of those tools had positive effects in my opinion.
From a personal perspective, I have, during my presence at the
sawmill, worked actively with knowledge transfer from the university
to the sector in general, and to the company in particular. Discussions
around the coffee table at the university have been mixed with roundtable discussions at the company, workshops and industry conferences.
In a way, I could argue that this work has produced integration
between academia and the industry.

Supply Chain Integration for Small Sawmills in Industrialized House-Building

Conclusions and further research 59

6 CONCLUSIONS AND FURTHER RESEARCH
This chapter summarizes the conclusions of the thesis concerning supply chain
integration with industrialized house-building companies and suggests further
research.
6.1 Supply chain integration for small sawmills in industrialized
house-building

The position taken, that a small supplier can make a strategic choice to
integrate their supply chain with industrialized house-building
companies in order to deliver customer value and sustain competitive
advantage, is backed up by theoretical and empirical findings.
The analysis of appended papers shows that supply chain integration
should be addressed from an integrated perspective rather than just
employing individual entities. The strategic, tactical and operational
processes are intertwined in the supply chain integration transition
process (Figure 7), but also a part of the development of other strategic
areas, such as the old business model or existing distribution channels.
Individual decisions on strategic, tactical and operational levels cannot
be isolated from another, but may be represented as a series of parallel,
interacting activities over time that constitute the scope of supply chain
integration. The scope of the supply chain integration process is a
deliberate strategic choice by the industrialized house-building
company and the corresponding supplier.
The findings indicate that supply chain integration for suppliers in
the industrialized house-building industry consists of integrated
strategic, tactical and operational activities, events and decisions. Each
affects the supply chain integration in one or several areas of the four
identified constructs (Figure 5):
 Alliances, process and product development projects in close
collaboration with industrialized house-building companies
 A tactical planning approach enabling the sharing of resources
and information, and coordination of resources
 Management processes that permeate the organizational
behavior, differentiated depending on the time horizons
associated with strategic, tactical and operational perspectives
 Integration of the material and information flow through system
and process integration decision support
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The theoretical contribution is the enhancement of supply chain
integration theory by combining organizational theory and supply
chain integration theory.
A sawmill’s transition, from a focus on raw material optimization
and increased production efficiency towards a focus on supply chain
integration with industrialized house-building companies, requires a
common perspective of supply chain integration where the
industrialized house-building company has to have a strategy to
integrate and then the supplier has to have the resources and
capabilities to be able to collaborate.
6.2 Further research

In this thesis the management of supply chain integration with
industrialize house-building companies has been examined from a
sawmill perspective. Therefore it is of interest to further examine, in
the field of supply chain integration, other types of suppliers and subcontractors to build further on the current understanding. Other types
of suppliers that offer more complex product or even systems would
give an enhanced perspective on the product view. The sub-contractor
position or technical consultant with their different service offerings
would contribute further to the process view in industrialized housebuilding.
The conceptual framework is based on a single case study. A
multiple case study would allow the identification of additional
processes associated with supply chain integration and would also
permit a deeper investigation of the causal relationships in the supply
chain integration process. Further, it is important to evaluate the three
process levels and the possibility of dissecting the supply chain
integration from another perspective. Instead of examining the discrete
elements of the strategic, tactical and operational process levels, these
levels could be investigated from a continuum perspective, by focusing
on the decision systems, information systems and physical material flow
integration.
Also, by limiting the scope of this thesis to vertical supply chain
integration and ignoring horizontal integration has allowed further
investigation of areas such as network theories. This is interesting, since
industrialized house-building is still considered an innovation
(Engström 2012) and there are implications that innovation can occur
in a horizontal context early on in a system life cycle.
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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
520
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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

523

Jarkko J. Erikshammar

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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Components in a Value-Added Business Model: a SME Sawmill
Longitudinal Case Study
One way for SME sawmills in Sweden to thrive in a mature and competitive
industry is to work with new business models. The focus of these new business
models is to develop, manufacture and deliver products with secondary added
value, without neglecting the economies of scale in sawmill production or
ignoring the need for optimizing timber yield. Business models based on adding
secondary value are important in industries such as industrialized house-building
of multi-storey houses, builder’s merchants and the woodwork industry, all of
which have customers demanding high delivery reliability, good product quality,
and a flexible supply chains. By studying the sawmill business model instead of
the company, we can achieve a more holistic view of the business model
components, since the business model is a conceptualization of the company in
different contexts and surrounding market forces. A longitudinal case study of
SME Swedish sawmill business model was selected as the method of research.
The findings suggest that SME sawmills need to increase customer integration,
product development and absorb activities from the customer. However, SME
sawmills need to take a systematic approach and not just focus on one of the
business model components: market position, offering and operational platform.
Keywords: strategy, business model, sawmill, softwood, further process,
woodworking, small business

Introduction
Many small and medium sized (SME) sawmills find their traditional way of doing
business being challenged from different perspectives. Traditionally, sawmills have a
production focus, often demonstrated by the fact that the production budget is set before
the marketing strategy is determined. The production focus is as a result of raw material
optimization and the heavy investment in facilities, machinery and automation gives a
process utilization focus, rather than a focus on product availability for the customer
(Nord 2005). However, Lahtinen et al. (2008) claimed that these previous efforts have
largely proved to be insufficient and pointed to a lack of business innovation in the

industry Hansen et al. (2011). In a head-to-head competition involving commodity
products, an SME will lose out to larger sawmills that can offer a lower price for the
same, or better, quality product. In terms of Porter´s competitive five forces model
(Porter 1980; Porter 1985), these companies find themselves in a “structural squeeze”
between high raw material prices and tough international competition with low market
prices. The implication is that there is no longer a viable business model for SME
sawmills to deliver commodity products (sold at internationally set market prices)
whilst extracting profits using production and raw material optimization.
Those SME sawmills, being at a disadvantage in terms of lower economies of
scale and scope and also lacking opportunities to compensate for those issues with
higher degrees of customer adaptation, find themselves in a very vulnerable position. In
regions with a shortage of raw material, these SME sawmills have few alternative
growth avenues other than moving forward in the value chain (cf. Toppinen et al. 2011)
The story describing what the company does in relation to its customers is
fundamentally the business model (Magretta 2002). Trying to increase economies of
scale and scope using their traditional business model is really not an option for SME
sawmills.
This means that sawmills need to rethink their position in the supply chain. One
strategy is to become a niche SME sawmill that adds value and can act as a complement
to larger units, thus avoiding set-up costs for producing specialist products. Another
strategy is forward integration e.g. through acquisition (D'Aveni 1992), cooperation
(Stendahl 2009) or virtual integration (Cohen & Roussel 2005), offering products with
primary and secondary added value. For a sawmill to add secondary value implies
forward integration into wood manufacturing (secondary production) (Brege et al. 2010)
as differentiated from further processing in primary sawmill production. Secondary

added value requires new products, interaction with the customer and an understanding
of the customer’s customer. The strategic importance of cooperation in value chain
activities increases when moving from upstream activities of value chains (i.e. raw
material procurement) to downstream activities where an ability to create and sustain
customer contacts is required (i.e. marketing) (Normann 2001). These SME sawmills
might try to switch to a value-adding business model that incorporates product and
process development in collaboration with existing customers. In a future strategic
context, where the large sawmills become even bigger and more specialized, a
secondary value-adding business model often seems to be the “only possible solution to
stay competitive”.
A business model describes the relationship between the customer offering,
business position and the operational platform of the company (Kindstrom 2010) and
shows how value is created. However, moving from one business model to another is
not an easy undertaking. Evidence from so-called business model transformation
(Giesen 2007; Johnson 2008; Chesbrough 2010) reveals a variety of difficulties. In the
case of SME sawmills moving from raw material and production to market orientation
and value-adding, new types of strategic thinking are required. Customer adaptation and
other types of value-adding strategies very often put a heavy strain on the ambitions to
increase simultaneously the effects of raw material optimization and increased
economies of scale and scope (Roos 2001). If carried out in the wrong way, a switch
towards the new business model could seriously weaken the cost-effectiveness of the
old traditional one (Brege et al. 2010). If the SME sawmill becomes “stuck in the
middle”, relying on the old and the new business model, it could spell disaster from a
profitability point of view.

Aim of the article
The aim of this study is to examine a change of business model in a Swedish SME
sawmill towards a value-adding strategy. The investigation is carried out using a
longitudinal case study from a descriptive and an explanatory perspective. The
descriptive aim is to present a snapshot of primary and secondary value-adding
processes from an in-depth case study. The explanatory aim is to discuss the
decomposition of the components of the value-adding strategy, in relation to the
business models.

Business model components– a review
The concept of a business model has evolved from early ideas of being the “story of the
company” (Magretta 2002) to a better defined concept (Osterwalder & Pigneur 2005).
Business strategy is more than a selection of appropriate business models; it is the plan
of which business model to adopt for different contingencies. Hence, the business
model is the realized strategy (Casadesus-Masanell & Ricart 2010). Scholars generally
agree that ‘strategy’ and ‘business model’ are not mutually exclusive concepts, or even
the same, although the terms have quite similar meanings. Seddon (2004) argued that
the term strategy seems to focus on competitive strategy whereas a business model
refers to the core capabilities. Another aspect of strategy is that it is the game plan to
achieve competitive advantage i.e. doing things differently, with the activity system
describing the tailored activities designed to achieve that advantage (Porter 1996).
Activities are describing how the company delivers value. Activities describe how the
company delivers value. They can also be core competences (Prahalad & Hamel 2006)
or outsourced (Quinn 1999). Therefore, the business model as a concept is the blueprint
of how companies create value for customers. It can be viewed as a configuration of

internal processes and the external environment and, as suggested by Mintzberg
(Mintzberg 1983; Mintzberg 1993), requires a fit between the components in order to
optimize value creation.
This paper will use the business model framework suggested by Kindstrom
(2010) and Brege et al. (2014), consisting of three components (Table 1): business
position, offering and operational platform. The business position is the connection of
the strategic management relationship to the business models (Porter 1996). The
offering component encapsulates the ideas that are based on what the company offers to
the market (Normann 1975). The operational platform component covers the resources
and structures (Barney 1991), and the capabilities (Teece 2009) that make the
realization possible. This framework idea is supported by George (2011) but defined as
resource structure, transactive structure and value structure.
Table 1. The components in a business model (adapted from Kindstrom (2010) and
Brege et al. 2014).
Business model

Description

component
Market position

The position of the company in the targeted and segmented
market, relative to both competitors’ and the company’s
competitive advantage and also the channels used to distribute
the offering.

Offering

The offering, products and services that are presented to the
customer, stating the value created and the mechanisms that are
used to appropriate the value created.

Operational platform

The internal and external resources, processes and activities
used to create and deliver the value proposed in the offering.

Changing Business Models
Once an organization deliberately or accidently innovates new products that potentially
redefine the competitive advantage of the company, the question becomes how to
realize the new offering. Changes in the external environment that radically shift the
strategy, or radically new products, usually call for a completely new business model
(Johnson 2008). It has been shown that completely different products may struggle to
sell well in an environment where an old business model determines the logic,
management and control of the company; therefore, the business model would also need
to be updated (Chesbrough 2010). It can even be argued that the organization’s ability
to redefine the business model can form a competitive advantage (Mitchell 2003).
The changed business model could entail redefining the whole industry, a sole
enterprise or just the revenue model (Giesen 2007). The model of the change itself is the
core logic of how a company will change over time in order to sustain competitive
advantage. This core logic of change can be described using four basic types of change
model (Linder 2000): realization (maximize returns from existing operating logic),
renewal (revitalize product and service platforms), extension (new markets, value
chains and product lines) and journey (new business). The design of organization is a
direct effect of the new activity system and business model (Linder 2000) and it is
crucial that the design is a fit to the model and the new environment of the organization
(Siggelkow 2005). From an SME perspective, the business model is the organizational
configuration (George 2011).

Materials and methods
Research strategy and design
We assume that a business model is a conceptualization of a company in different

contexts and surrounding markets forces. Therefore, we have studied the sawmill
business model to achieve a holistic view of the business model components and their
relationships. This strategy is supported by Miles et al. (1984), who suggested that a
qualitative study can be preferred when the aim is to achieve a holistic view within the
research setting. The research design used here is an exploratory longitudinal case study
of the business models of an SME Swedish sawmill in order to study and separate
changes in the business model components from variables dependent on the specific
company traits. A case study strategy and design is favorable when studying a
contemporary phenomenon with multiple data points according to Yin (2002).
The business model concept makes it an interesting choice for the unit of
analysis in a longitudinal case study (Baden Fuller 2010), capturing a movement
towards customer focus and value-adding that is otherwise considered as an
evolutionary change for companies with mature product-based business models. The
longitudinal study can generate insights through the examination of the business model
change. The strategic choice of the company to use for the case study was based on their
involvement in the Lean Wood Engineering (LWE) program and their explicitly stated
willingness to develop their business model. The case study company is also a
representative unit as regards SME sawmills in Sweden of the same size, processing 40
000 – 200 000 m3 timber (Swedish Statistical Yearbook of Forestry 2013, Staland et al.
2002).

Data collection
The research process was carried out over a two year period. Interviews were held in
conjunction with participant observations at the management meetings to identify
significant themes in the changes of the business models (Table 2). The data were
collected by one researcher between May 2010 and September 2012. Between January

2011 and September 2012, the researcher was, on average, present at the site three days
a week.
Table 2. Summary of data and data collection methods
Data

Data Collection

Purpose

Method
Board of directors

Archival

What decisions were made during

meeting minutes,

documentation

board of directors meeting regarding

2010 – 2012

the business model

Top management

Archival

What decisions were made during the

meeting minutes,

documentation

top management meetings regarding

2010 – 2012

the realization of the business model

Top management

Participant

Compare top management meeting

meetings, 2010 –

observation,

documents with the actual behavior

2012

transcribed field notes

and discussions during the meetings.

Owner, managing

Eight (8) semi-

The actors’ reflections and

director and

structured interviews,

interpretation of the actual events

marketing manager

recorded, transcribed

taking place. Apart from the actual

perceptions

course of events, also a comparison to
the other collected data.

Analysis and visualization of process data
First, the researcher’s field notes were summarized in chronological order in a
spreadsheet. The spreadsheet contained information about the date of the event, process,
a reference to the case database, type of data (participant observation, workshop,
interview or archival data), a short summary or reflection, and preceding activities. A

total of 80 data references were collected where each reference record can have one or
more documents, recordings or pictures. This chronological rich data is presented
through a visual mapping technique based on the work of Langley (1999).
The analysis is carried out in four steps:
(1) Descriptions of the case study based on field notes and the initial analysis. The
researcher who had collected the data wrote draft descriptions in the case
database. Then these descriptions were turned into a narrative form, structured
according to the business model components (Table 1). The events, activities,
decisions and artifacts were compiled into a workflow chart.
(2) Describing and relating the primary and secondary value-adding strategies to
the business model component changes. The description was created through a
written narrative and a workshop where the first author walked through the case
material, thus giving the second author a chance to reflect on and validate the
preliminary analysis. These thoughts were compiled into the narrative text.
(3) Identifying, grouping and relating business model changes. A complete list of
business model components was generated using those described in Table 1,
particularly focusing on those arising as a result of value-adding strategies.
Thereafter, the relationships between business model components and literature
were analyzed.
(4) Validating the final case descriptions and conclusions. All the authors read the
final case description and validated it by jointly assessing how well the
categorization fit and making refinements to the visualization and the
relationships.

Validity and reliability
The single case study approach means that statistical generalization is not possible.
Theoretical generalization building on business model theories was used to explain
patterns of behavior and thereby strengthen the external validity of the research. In
order to strengthen the validity of the case study, the respondents were given an
opportunity to verify the accuracy of the transcribed interviews (Table 2) regarding
business models. Participant observations during the management meetings and data
collection provided the researchers with the opportunity to compare interview data with
archival documentation. The multiple sources of evidence strengthened the validity of
the case study and the separate coding (step 3 above) increased the reliability of the
analysis.

The research setting
The sawmill value chain for house-building in Sweden is made up of several actors,
ranging from raw material suppliers, sawmills and builders’ merchants to construction
companies. This research setting includes the value-adding market segments builders’
merchants, contractors and industrialized house-building companies (Figure 1).
The latter segment might need further explanation. Industrialized house-building
is a segment within house-building. Industrialized house-building is a strategy i.e. it
delivers value in a different way to traditional house-building. Industrialized housebuilding means that a company utilizes a repetitive and standardized planning and
execution of the supply chain (Brege et al. 2014). This idea encompasses everything
from sales, through the production or supply of material and components, to erection
using off-site construction of components (Lu, et al. 2011). These processes are
designed for the repetitive manufacture of products. The prerequisite is that

industrialized house-building operates within a specific market segment where infinite
flexibility is replaced with configuration. The reduction of flexibility makes it possible
to increase effectiveness of the process with operations that can be hard to apply to onsite production and project-based thinking. Industrialized house-building companies
demand high quality products (zero defects) and just-in-time (JIT) sequence deliveries
from an integrated supplier with development capabilities. They may require a new
product offering and operational platform that an SME sawmill will be unable to
provide using their current business model.

Figure 1. Research setting and timber value chain for value-adding products with the
SME sawmill as the focal company.

Case study company
The company studied is a family-owned sawmill, founded in the 1940s, in northern
Sweden. During the 1980s, the second generation of family started the development of
the company. In December 2010, when the case study started, the production capacity
was 100 000 m3 dried and regularized sawn timber and the value-adding turnover was
about 40 000 m3. The revenue, at the beginning of the case study, was 20 M€, earnings
before interest 0.6 M€, and number of employees 50.

Their customers were divided into five market segments: export, builders’
merchants, large contractors, industrialized house-building companies and by-products.
Exports to North Africa and England were facilitated through agents. The builders’
merchants were three national chains of builders’ merchants and ten independent
builders’ merchants. The by-products were used for heating in the drying process, sold
to the pulp and paper industry or used by a joint venture energy-producing company
owned by regional sawmills.
The raw material assortment consisted of 70% pine and 30% spruce in 2010 and
60% pine and 40% spruce in 2012. The availability of timber in the regional market was
gradually reduced which increased the cost of the raw material. The raw material
purchasing was outsourced to a regional paper and pulp company with a bilateral
agreement for timber supply. Two timber suppliers were the primary suppliers.

Sawmill processing, primary and secondary added value
The sawmill production process is divided into sawmill processing, then primary and
secondary value-adding processes (Figure 2). The sawmill has a production line for
small dimension saw logs and one for processing larger logs. The process starts with
timber delivery. The drying and the regularization are included in the sawing process.
The finished goods inventory of sawn, dried regularized timber, typically beams or
boards, can either be sold to export markets or used for planing or for manufacturing
tongue board. The input to the planing process is either from sawn, dried, regularized
timber or, in some cases, sawn timber purchased externally. Typical primary valueadded products are façade panels, beams and construction beams. The finished goods
inventory of planed timber can either be sold to export markets, builders’ merchants or
industrialized house-building companies. Secondary value-added products are surface
treated façade panels, pre-cut beams, the drilling or milling of beams, or manufacturing

of simple components (glue, nail) and tongue board.

Figure 2. The case study company sawmill, primary and secondary value-adding
processes.
The input to the tongued board production is sawn and dried boards that are
sorted and nailed together to form tongued board products used for roofing. Surface
treatment involves three levels of treatment: oil as an undercoat to protect the wood,
primer painting, then secondary painting using three different colors. Pre-cut and
processed beams are produced as individual items where production data are transferred

through CAD/CAM integration, meaning that all individual items have a specification
(quality, dimension, length and a process step description).

A new business strategy
The board of directors made a strategic decision in 2009 to increase the added value of
components for the builders’ merchants, large contractors and industrialized housebuilding companies. Up to then, sawn timber had been the major source of revenue. The
boards of directors also, not described in Figure 2, introduced a process involving the
manufacturing of components, such as trusses, wall and floor elements, through an
engineering phase. The management stated that they would not bear the construction
responsibility; the intention was not to become a house-builder but a component or
system supplier to the large contractors and industrialized house-building companies.
The background was that the current sawmill core processing, consisting of
sawing, drying and regularization, was up-to-date enough to mean that no new
investments would be needed for 6 – 8 years. Maintenance investments were planned,
and accounted for, in order to maintain high utilization and efficiency. The loan element
of the company’s finances was relatively small, so the focus did not have to be on an
increase in volume. The board and management analyzed the world market and
concluded that the whole sawmill business in Sweden was facing re-structuring which
would affect their company. There would potentially be fewer, more specialized,
sawmills and larger sawmills that would achieve acceptable levels of revenue through
processing larger volumes of sawn timber. These sawmills would be strategically
placed, close to the raw materials with good logistics to benefit from using by-products
to produce pulp and energy.
The new strategy was to drive demand through increased sales to the builders’
merchants and the industrialized house-building markets and thereby re-position the

sawmill as a component manufacturer. The plan was that, at the end of a 5 – 8 year
period, the sawmill operations could either be broken up and sold off, or receive further
investment, depending on the prevailing economic situation and business cycle. The
supply of products to primary and secondary value-adding processes would come from
larger units. The target markets would be builders’ merchants for the planed
assortments, and large contractors and industrialized house-building companies for the
components. The export market would be increased to the Netherlands, UK, Germany
and Norway for the manufactured components and the planed assortment.

Case Study
This section describes the strategic change in terms of business model characteristics
and the effects of the new business model. Detailed process data findings are presented
in Figure 3. A description of the corresponding business model component (Table 1) ,
market position, offering and operational platform, is presented in order to display,
from the rich process data, the strategy actions, events and decisions in the
corresponding business model concept findings. The flow chart is analyzed as described
in the methodology section. In the following text, if a specific action, event or document
is referred to, it will be indicated with # and a sequence number.

Market position
The new strategy made the company reposition themselves in the market. The events
(meetings, decisions and joint projects) involving close cooperation with a large
national contractor (#1 Figure 3) show that the market channel, where information had
previously been handled by the builders’ merchants, had now been circumvented. A
reaction to this came almost instantly: the builders’ merchants terminated the current
contract (#2 Figure 3) with the case study company, believing that the sawmill was

competing directly with them. The case study company responded by increasing market
communication with increased and targeted sales activities.
The increased market communication came as a result from and that the sawmill
had to constantly motivate, for the market, the partnerships with large contractor and
industrialized house-building companies to the builders’ merchants. The builders’
merchants made up a large market segment. This change in market position was driven
by the fact that large and national contractors needed a different offering consisting of
direct interaction and the case study company believed that if they did not approach
these contractors, then someone else would. The difficulty was to convince the builders’
merchants that the case study company would not pursue customers other than the large
national contractors, with specific products, and industrialized house-building
companies. During the first year of the case study, the CEO and the sales manager spent
a lot of time explaining the new market position and assuring the different actors,
especially builders’ merchants, that this position would not be changed further. The
sawmill’s intentions were focused on the export, builders’ merchants, large national
contractors and industrialized house-building companies market segments. The method
of delivery to industrialized house-building companies was easily understood since it
was common practice for these actors not to buy from a builders‘ merchant but directly
from a manufacturer instead. Making direct deliveries to large national contractors was
easy, partly because of the large volumes and partly because it was not common
practice. However, at the end of case study, we observed that two large national
builders’ merchants chains issued contracts (#3 Figure 3), indicating acceptance of the
case study company’s new market position.
Targeted sales and market activities had to increase when the builders’ merchant
terminated their contract. The company had to maintain sales volumes by using an

aggressive sales plan with an aggressive pricing strategy and an increased presence at
their customers through site visits. Due to the loss of large volumes of orders caused by
the contract termination, the sawmill had to directly approach many contractors and offsite house-building companies. Four joint product development projects (national
contractor A, national contractor B, house-builder A, house-builder B) were
subsequently launched (#4 Figure 3).
Another observation was that the chairman of the board, later the new CEO,
visited a potential acquisition target: a wall manufacturer strategically positioned in the
middle of Sweden. The owners stopped the merger because they felt it would require
investments that would reduce the chance of finishing the surface treatment facilities
and the new planing facilitates (#5 Figure 3). The endeavor was also considered a high
risk project, due to the financial situation of the acquisition target. From this point
forward, the CEO focused on collaborating with wall manufacturers, truss
manufacturers or other components manufacturers instead of thinking in terms of
acquisition.

Offering
The offering had to be re-defined for the new customers (large contractors,
industrialized house-building companies) and also for old customers (#6 Figure 3). The
new offering needed to promote the different assortments available to different
customer segments, as well as the type of services that could be expected. For example,
the large contractors could not make additional orders for small volumes of e.g. timber
of façade panels, as these would still have to go through the builders’ merchants; but the
tongue board could be directly delivered to the contractors’ production sites. For
industrialized house-building companies, such orders of tongue board were transported
directly to their off-site facilities. The new offering for the industrialized house-building

companies meant changing from a price previously based on quantity in cubic meters
towards value-based pricing.
An interesting observation was that the offering included the opportunity to
exchange order information, and also to include CAD/CAM integration (#7 Figure 3).
The latter is especially important for the industrialized house-building companies. The
current practice is that CAD information is transferred manually using fax or e-mail.
The offering included different services and pricing but also physical continuous
replenishment determined by the takt time of the industrialized house-building
company’s off-site facility.
Another offering was the addition of secondary value onto products, that can, in
some ways, be seen as commodities: façade panels with exact lengths and surface
treatments for the builders’ merchants (new product features), beams that have been
additionally processed by drilling and pre-cutting following the exact order information
description from the house-building companies (new process features), and, finally, a
knowledge-based service for raw material selection adapted to the specific needs of the
large national contractors. The new offering portfolio was revisited and explained by the
top management multiple times during the case study, both internally and externally, to
customers at seminars, workshops and other industry sector conferences (#8 Figure 3).
It was important to stress that the pricing was not based on volume but on added value.

Operational platform
The operational platform needs to be flexible for each market segment, especially when
the different segments compete for the same raw material. The case study company
invested heavily in new machinery to produce secondary added value (see case study
company description), implemented new tactical planning methods and re-organized
both the production management and the sales organization. At the same time,

education programs were launched that covered quality and supply chain management.
Investments were made in IT systems and IT strategy, with modifications to the
production system, new planing and customer-relationship-management (CRM)
systems, as well as new CAD/CAM and EDI integration.
The company implemented a new tactical planning method in order to balance
the production capacity with demand so as to be able to secure procurement from other
suppliers when the current timber yield was unable to satisfy the needs of the different
market segments (#9 Figure 3). An example of this balancing occurs in the production
of the long (>4.8 meters) façade panels that use the same raw material (spruce) as the
long beams, when the harvesting areas in the north of Sweden have a shortage of spruce
and long timber.
An observation was that the reorganization of the operational platform implied
changes for the sales department, from historical order-taking to demand driven, proactive sales visits to the customers (#10 Figure 3). This also meant that the sales
representatives had to fully understand the different offerings, services and the material
flows to different market segments. The internal communication of the new offering and
the operational platform was achieved through new reporting structures, internal
workshops and meetings (#11 Figure 3).
The material (new machinery) and information flow management (new IT
systems) had a large impact on the operational platform. The sawmill had to securely
receive information about, and the specification of, individual items (e.g. for the
industrialized house-building company every beam has a predefined position in the
complete building, so exact lengths from the planed assortment are required) where they
could previously dispatch a bulk order. The sawmill had to be able to work with smaller

orders and focus on optimization of those, rather than trying to increase the batch sizes
in the primary and the secondary value-adding processes.

Figure 3. Process Data from the longitudinal case study
This required having machinery that was capable of working with small batches
and handling short change-over times. It also required the ability to work with
electronic orders, sent automatically to the pre-cut and milling processes. The sales

representative also needed to understand the quality requirements of the customer,
rather than focusing on large volumes (#12 Figure 3).
In order to read the flowchart, the following key will be useful: (1) Boxes
represents events; (2) diamonds represent decisions; (3) documents represent a
document or a policy; (4) ovals represent forces, external to the sawmill, that have an
effect on the business model; (5) stars represent activities, events and artifacts relating
to internal sawmill decisions that have an effect on the business model; (6) arrows
connecting figures show that there is a connection, prerequisite or a cause-effect
relationship and (7) horizontal bands divide the process data into the business model
components.

Case study analysis
The following section provides an analysis of the decomposition of the components of
the added value strategy in relation to the business models (sub aim 2). The analysis is
summarized in Table 3. The process data findings show that, with a shift towards a
business model based on a primary and secondary value-adding strategy, the sawmill
would need to change all the components of the business model. It is not just enough to
change the offering (the customer integrated products) but further process alignment
must be made (internal and external) to create and capture new value; such an approach
has also been suggested in literature (Osterwalder & Pigneur 2005; Kindstrom 2010;
Zott 2010; Brege et al. 2014). The focus of traditional sawmill development at the case
study company has been process improvement i.e. to produce standard products more
efficiently through economies of scale and the internal resource base. However, as the
integration increased, it became evident from the case study that the focus shifted to
other business model parameters such as information exchange, collaboration and
product development.

Figure 4. Conceptualization of the market position and operational platform for the
SME sawmill

The business model and its components need to interact and, as Mintzberg
(1983) described it, the configuration needs a fit. The correlations between business
model components are demonstrated by the case study. The evolution of the market
position, offering and operational platform are intertwined but, by separating the
operational platform from the traditional sawmill core process, and the primary valueadding and secondary value-adding processes (component manufacturing, surface
treatment), it becomes evident which business model supplies which market segment
(Figure 4). The conceptualization may even suggest that the next step in the business
plan requires an additional business model (component engineering). The case study
also shows that an evolving business model and, in particular, the operational platform
of the sawmill are heavily dependent on the previous business model. The value-adding
processes are dependent on the supply from the sawmill core processes (Figure 4) but
this makes it possible to drive demand through targeted pricing, which might not have
been the case if the value-adding processes had been supplied by external suppliers.

Market positioning
The first step taken as a consequence of the new strategy was to define the different
customer segments and establish supply chains corresponding to each of them (Figure
4). In the light of developing a new business model, the market position was therefore
the starting point. The market position expansion demanded work with branding and
differentiation of the market positions. This change required increased communication
with the old customers, used to the old channels, who interpreted the situation as them
being bypassed by the sawmill.
Establishing the market position also needed consideration of the timber yield
(operational platform), finding the right customers for the product mix output (offering),
and complementing supply channels together with another sawmill. The market position

was enabled through securing the material flows needed. The level of integration in
terms of collaboration had an impact on the chance of finding and securing the market
position suitable for the new business model.

Offering
The offering had to be articulated to the new partners, old customers and internally. The
case study shows that some of the sales representatives did not accept the new offering
initially, which led to a reduced focus on the new customers. Also, the pricing was
difficult to explain as it was not based on quantity in cubic meters but on the level of
customer-perceived added value. The new offering also needed close customer contact
in order to understand the requirements and needs of that customer, instead of passive
order-taking; this was clearer for value-adding processes, depending on the customer
segment (Figure 4).

Operational platform
The activities to re-engineer the operational platform changed as time progressed;
whereas at the beginning, the focus was on expanding the company network through
alliances and partnerships and following through with the planned investments, the later
focus was on executing material and information flows connected to the new offers. The
case study company also changed its tactical planning method, connecting the
operational platform to the offering and chosen market position. In the new planning
method, attention was shifted from production to customer.

Table 1. Business model component and case findings
Business

Case findings

Objective

New customer segmentation

Finding the right customers i.e. industrialized house-

model
component
Market
positioning

building companies, with the right product mix.
Branding and differentiation

Separating the case study company from other
actors.

New supply chain channels by

Establish direct communication and dialogue with

direct deliveries instead of

customer in order to understand value parameters.

through resellers
Offering

New revenue model not based on

Price differentiation based on the level of value-

quantity (cubic meters)

adding and volume.

Describe offering

Create an understanding for old and new customers.

Close customer interaction

Create understanding of customer needs in order to

instead of passive order taking

be able to develop new offerings but also to deliver
according to the demand.

Operational

Dedicate roles for supply chain

To be able to meet the different supply chain

platform

coordination

requirements (Figure 4).

A structured integration

Establish operating procedure for the integration

development process

whether it is for process or product development.

Defined interfaces

Establish communication protocols for order and
manufacturing processes with EDI and CAD/CAM
integration.

ICT technology for information

ICT tools for handling information but also

exchange

processes for picking and packing individual orders.

Adding value to the simple

By adding services and operations to traditional

products produced internally

products, a higher price can be justified.

This major shift was realized by deciding that the sales budget would be set
before the production budget. The supply chain integration capabilities (for example,
communication, planning, product development) became so important that an
organizational change was triggered, whereby there was one production manager
responsible for the whole sawmilling process, including the primary and secondary
value-adding processes, and a new organizational role (supply chain coordinator) was
created to increase communication with customers.
The operational platform was changed, not only by developing processes for
information exchange (CAD/CAM, EDI) and the automation of the whole order
processing, but also through technical investments in new surface treatments, precutting and wood processing. The machinery for pre-cutting, drilling, and milling made
it possible to produce secondary and even component engineering added values (Figure
4) for products from the sawmill core process, and primary added value processes
necessary for the pricing model used in the offering.

Conclusions and discussion
The aim of this study was to examine a change of the business model in a Swedish SME
sawmill towards a value-adding strategy. The investigation was carried out using a
longitudinal case study of a business model from a descriptive and an explanatory
perspective. The business model studied was a conceptualization of a company in the
Swedish sawmill context and used to capture the movement towards customer focus and
value-adding strategy. The case study demonstrated the primary and secondary added
value processes in a value-adding strategy (sub aim 1). The case study also synthesized
the components (market position, offering, operational platform) of the sawmill and
analyzed them in relation to the value-adding strategy (sub aim 2).

The sawmill business model components (market position, offering, operational
platform) are affected by increased customer focus. This is demonstrated by the
longitudinal case study. The interrelated and interconnected development of the
business model components has illustrated that the market position needs to correlate
with the integrated operational platform in order to have a fit with the offering,
otherwise the business model will not be viable (Mintzberg 1983; Mintzberg 1993).
However, it is not possible to describe the interrelationship and the effect on each of the
business model components based on this study.
The business model needs to align to the way customers in different market
segments want to work. For instance, it was clear that the industrialized house-building
companies wanted an integrated supply chain solution when the sawmill was offering
the use of a traditional distribution channel based on commodity products. The demands
for price and market flexibility could not be met by the core sawmill processes and
primary value-adding processes based on large volumes. Elements that included
secondary value-adding processes were needed in the business model. Compared to
actors in the construction industry, a sawmill has different and divergent views of
products and processes, views that are determined depending on the niche segment they
serve, with different demands and hence different offerings needed for builders’
merchants, large contractors and industrialized house-building companies (Figure 4).
The results of this study highlight the need for close integration; however, it also shows
that the actors involved strive for autonomy. Therefore, a consensus on the definition of
a business model view needs to be established by the involved actors.
The financial effects of different production strategies for Swedish sawmills
have been described thus (Roos 2001): more value-adding production increases unit
revenues, larger volumes reduce fixed costs per produced unit, and improved

productivity reduces unit costs. These production strategies reflect very little about the
design of the whole business model but solely how the operations could be better
utilized. An important conclusion from Niemelä et al. (1997), Nord (2005) and Brege et
al. (2010) is that an SME needs to differentiate market segments and be customerfocused. A forward integration strategy without acquisition demands a development
together with customers from different market segments. Such an integration would
affect the business model components and advocates that a sawmill SME business
model should be customer-focused. The benefit of analyzing the case study from a
business model perspective, as opposed to from a production strategy perspective, is
that the primary and secondary value-adding processes can be conceptualized using
business model components, thereby clarifying the concepts. A problem with discussing
the value-adding strategy without describing the business model components (primary
and secondary value-adding strategies) is that it lacks clarity and becomes ambiguous. It
can be seen that the components are intertwined and need to be analyzed from an
integrated perspective.
Market position in the timber value chain is another perspective of the business
models for the sawmill. For a given market position, the competitive strategy seems to
be related to company size. Large companies more often apply cost leadership
strategies, but differentiation and focus strategies are typical of SMEs. In general,
sawmills have difficulty following one strategy (Niemelä & Smith 1997) which is
supported by the fact that large sawmills use pricing as a competitive weapon (Bush &
Sinclair 1991). The findings of the study by Toppinen et al. (2011) show that
meaningful and beneficial partnerships exist in the Finnish sawmilling industry, but the
sawmill managers do not perceive this collaboration as a strategic resource.

Changes in business model can be analyzed from the business model
components of the offering. Adding more value to the primary production, coupled with
forward integration, leads to higher prices and revenue if combined with increased
trading (Brege et al. 2010); unit revenue can also be increased by charging higher prices
in specific customer segments or from complementary businesses. This tendency was
also discussed in the case study where core processes were volume-based, but primary
and secondary processes were value-based.
Business model innovation connected to product and process innovation requires
the operational platform to be redefined. This was demonstrated by the investments in
machinery and IT systems, the organizational change and the launching of educational
programs. Innovation capability within the wood industry differs between firms and
there is a need for deliberate managerial actions to implement innovation strategies in
order to increase the output (Björkdahl & Börjesson 2011). Hansen et al. (2011) even
went as far as to claim that a company’s size was related to its innovativeness and that
process innovativeness is what drives firm performance in this segment. However,
Stendahl (2009) claimed that the industry seemed inexperienced in customer cooperation and that product development in the wood industry took place within
conventional technology and market bounds which would suggest that deliberate
business model innovation would not be needed. However, the case study implies that
an SME sawmill, by driving demand, produced the requirement for a new business
model.
Any analysis that focuses exclusively on business models will only tell part of
the story. However, the analysis shows that it is reasonable to think of different business
models when studying the change itself. Therefore, it is important to include further
studies in order to generalize the results for a broad population that could connect a

transition towards primary and secondary value-adding business models to profitability
and growth. Finally, the shift facing the Swedish SME sawmill, however dramatic for
that specific company, is incremental, making it interesting to study in what order
components in a business model change over time.
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Repeat the title of your article here
Small and medium sized (SME) softwood sawmills in Sweden are, as a result of
competition, being forced to move their business focus from production and raw
material optimization to balancing operations to meet specific customer demands.
Sales and operations planning (S&OP) is a tactical planning approach that
focuses on balancing customer demands and supply capabilities. The purpose of
this paper is to analyze the enablers and effects of S&OP on the process, ITsystems and organization at a Swedish SME softwood sawmill. The findings are
based on a longitudinal case study of the implementation of S&OP at the case
study company. The enablers identified include a common ground for sales and
production, increased communication and a top level of management that
enforces the implementation. The effects of implementing S&OP were related to
improved opportunities to achieve increased customization, supply chain
integration, standardization of assortment, and proactive inventory and service
level policies. With respect to company development, the S&OP implementation
indicates operational performance improvements in inventory turnover, reduced
inventory levels and increased cash flow. Obstacles observed were mainly related
to the changed perspective from production to customer focus, human resistance,
organizational lock-in, software incompatibility and data transfer issues. The
empirical data contribute to the further theoretical development of the S&OP
approach.
Keywords: tactical planning; further processing; added value; softwood; sawmill;
small business

Introduction
Small and medium sized (SME) softwood sawmills in Sweden are, as a result of
competition and new customer demands, being forced to move their focus from sawmill
production and raw material optimization towards a market focus (Hugosson &
McCluskey 2008; Stendahl et al. 2013). Increased customer focus and further
processing require the balancing of operations to meet specified customer demands for
tailored and even small batch products. If traditional sawmilling and further processing

are integrated, tactical planning becomes important since the sawmill product output is
divergent (several products made from a common raw material) while further
processing methods can be convergent (several raw materials and components
assembled into products).
Tactical planning is often not necessary for traditional sawmilling with sawmills
typically having a production focus (Roos 2001). This is demonstrated by the fact that
the production budget is often set before the sales budget. Efforts to improve the
sawmilling business have mainly concerned the optimization of the use of raw
materials, value-adding strategies and increasing production efficiency through e.g.
control and monitoring systems for operational execution (Jones 1999) or investing in
large-scale operations (Månsson 2003). In general, sawmilling is a market of scale
(volume) where the traditional ways of improving revenue mostly apply to large
sawmills However, Lahtinen et al. (2008) proposed that these efforts have largely
proved to be inadequate. From an investigation of the 15 largest Swedish sawmill
companies, Brege et al. (2010) showed that large investments in cost-efficient
production capacity did not result in profitability and the larger of these companies were
the least orientated downstream in terms of value-adding and forward integration. SME
sawmills might benefit from rethinking their strategy and positioning in the supply
chain. The smallest sawmills have been reluctant to implement a focused strategy that
concentrates on certain market sectors, despite the potential for such a strategy to
generate new business opportunities (Lahtinen et al. 2008).
However, to change from a traditional business setting of maximized output and
raw material optimization to one that services a specific customer base and set of
requirements through further processing requires tactical planning, market
responsiveness, development and production of products/components and increased

customer interaction. Sales and operations planning (S&OP) is an approach to balance
demand with supply capabilities for procurement, production and distribution. In this
paper, an SME sawmill, attempting a focused strategy for further processing of products
using S&OP to coordinate customer integration with operations, is evaluated. S&OP is
gaining recognition as a process framework for supply chain planning (SCP) e.g
(Lapide 2005; Jonsson 2011).

Supply chain planning in the sawmill industry
Supply chain management (SCM), and particularly SCP, seeks to create a balance
between the sales plan and the production plan, or inbound and outbound logistics.
Wood-producing companies do not currently prioritize SCP and SCM techniques (Jones
1999), even though there is an increased understanding of the need for these techniques
in order to deliver an offering that includes logistics (Hugosson & McCluskey 2009)
and an integrated production view of products that require further processing (Stendahl
et al. 2013).
Gustafsson (2003) carried out interviews with the purchasers and purchasing
managers of seven Swedish retailers, and suggested that a sawmill can alter its service
offering by using SCM techniques. There are also a few examples of the use of SCP in
the industry, such as customer orientation in pulp production by one of the larger
Swedish forest companies (Carlsson & Rönnqvist 2005), examination of the
optimization of production and inventory planning decisions at 11 sawmills in Chile
(Singer & Donoso 2007) and using a simulation approach for tactical planning of supply
chain operations at two Canadian softwood sawmills (Santa-Eulalia et al. 2011).
A single-minded focus on yield optimization instead of an integrated approach,
that also takes into account changing customer demands, is risky; the inventory might
use the wrong stock-keeping units (SKUs) at the point of sale, the inventory turnover

might be too low coupled with the fact that raw material inventories are typically overdimensioned. However, if customer demands change and the sawmill has to adapt its
production, the increased set-up costs, low throughput and low raw material
optimization will negatively affect the net income. The experiences of value-adding
strategies are not entirely positive, primarily due to the need to make full use of the
entire sawlog and the addition of value in terms of planing, special drying etc. quickly
turning the product into a commodity (Brege et al. 2010). Furthermore, using SCM
techniques to improve inventory management has not attracted the same attention as
raw material optimization, new techniques for selection (e.g. x-ray techniques
(Berglund et al. 2013; Berglund et al. 2013) and different kinds of value-adding
strategies (Hugosson & McCluskey 2008).
Still, SME sawmills can benefit from increased customer integration and supply
chain integration. Being able to develop, manufacture and deliver products with further
processing whilst balancing the need for economies of scale in sawing, drying and
regularization offers a competitive advantage.

Purpose of the article
The aim of this study is to examine the S&OP approach and the corresponding effects
of the S&OP implementation at a Swedish SME sawmill. The examination of the S&OP
approach is through a literature synthesis and the examination of its implementation is
realized by studying the empirical evidence from a longitudinal case study. S&OP has
not been analyzed in the sawmill context before. Likewise, the use of S&OP in a
context dominated by divergent product flows but with further processing that is
convergent, resulting in two planning points, has also not been described in literature
before. Hence, this study fills a gap in research about the SME sawmill industry, both
from a scientific and a practical perspective.

After this introduction, the paper continues with a literature review of S&OP, a
description of the research methodology, the reasons for the case study selection and the
data collection methods, and the case study observations. Finally, findings from the case
study are presented along with an analysis, ending with a discussion and conclusion
regarding the effects of S&OP as a tactical planning method for SME sawmills that
carry out further processing.

Sales and operations planning
The APICS dictionary defines sales and operations planning (S&OP) as “a process to
develop tactical plans that provides management the ability to strategically direct its
businesses to achieve competitive advantage on a continuous basis by integrating
customer-focused marketing plans for new and existing products with the management
of the supply chain” (APICS, 2008).
As such, S&OP is a high-level planning process that is used to balance demand
and supply plans at an aggregate level (Jacobs 2011). Research into aggregate planning
has been carried out for decades (Ling, Goddard 1988) but there has been little interest
in S&OP as a formal process until recently. Therefore, S&OP has, to a large extent,
been developed by practitioners in the industry (Grimson & Pyke 2007) with the
number of academic research articles on the subject being small (Jonsson 2011). Most
of the literature is in the form of handbooks (e.g. Wallace & Stahl 2008), concepts (e.g.
Ling & Goddard, 1988) or algorithm planning (Nam & Logendran 1992). S&OP, as it is
described in these articles and books, has arisen from two areas. On the one hand, it
dates back to the attempts to find mathematical models to monolithically solve the
aggregate production planning problem in the 1950s (Singhal & Singhal 2007) and, on
the other hand, S&OP can be traced back to the advent of MRPII (manufacturing
resources planning) in the 1970s (Basu & Wright, 2008; Jacobs 2011). Noroozi and

Wikner (2013) argued that the increased interest in S&OP by industry and academia can
be explained by the difficult economic situation (Atkinson 2009), globalization
complexities (Jonsson 2011) and the ongoing trend of outsourcing (Klappich 2012).
These factors emphasize the integration of the supply chain and highlight the need to
balance market requirements and demand with supply resources, all factors which have
been incorporated into S&OP (Cecere 2005).
S&OP is often referred to as a ‘fundamental’ that maintains the balance between
aggregate supply and aggregate demand, through monthly updates of the annual
business plan (Ling, Goddard 1988). Roughly speaking, S&OP can be divided into three
parts (Noroozi & Wikner 2013): demand management (including a sales plan taking
forecasted demand into account), supply management (including a production plan
taking all resources’ capacity into account) and balancing. The latter is a mitigating
function where demand and supply are balanced with each other according to the
strategic business goals of the company. As such, S&OP is part strategic and part
tactical in its nature, which is also one of the most interesting and appealing features of
S&OP (Stahl 1995). To give an example, S&OP is partly constrained by the available
capacity, but also partly influences the long-term capacity strategy through feedback
from the execution of the sales plan and the production plan (Olhager et al.2001). As
tactical and operational decisions are executed each month, the company receives direct
feedback on the feasibility of its corporate strategy (sales targets, investment plans,
personnel policy etc.). In this process, managers must make decisions about marketing
activities, output rates, employment levels, inventory levels, backlogs, subcontracting
etc. The decision options can roughly be divided into two types: those trying to modify
demand to match the production constraints, and those modifying supply to match the
sales plan, or a combination of the two (Olhager et al.2001).

There are a number of studies (Bower 2005; Grimson & Pyke 2007; Piechule
2008) showing that it is hard to implement S&OP successfully and that there have been
problems in achieving the expected benefits. To address this problem, S&OP handbooks
(Wallace & Stahl 2008) that can aid companies throughout the implementation have
been developed and a number of frameworks (Lapide 2005; Grimson & Pyke 2007;
Jonsson 2011; Viswanathan 2011) have been put forward to analyze the S&OP
implementation and results thereof. The handbooks and frameworks do differ a little,
depending on their respective purpose and context, but they also show similarities in
which dimensions of the S&OP implementation and process are of importance: the
S&OP process, the S&OP organization and the S&OP IT-system and technology.
Although variations do exist, we consider these three dimensions to be fundamental and
we will focus on them in the following.

The S&OP process
The basic S&OP process has a planning horizon at least as long as the budget period
and is run on a monthly cycle. Typically, most companies use a rolling planning
horizon, between 12 – 18 months, divided into monthly periods (Wallace & Stahl
2008). The long-term planning horizon is especially important for companies with a
seasonality profile and/or long purchasing lead-times (Grimson & Pyke 2007). The
formal S&OP process as such is typically divided into five steps (Figure 1): data
gathering, demand planning, supply planning, pre-S&OP meeting and executive
meeting (Wallace & Stahl 2008; Jacobs 2011,).
The process starts by gathering data about demand and supply, and includes
running a sales forecast report to create a consensus forecast. Next, a demand plan is
prepared which is mainly focused on forecasting the future demand for current and new
products. This plan is input into the next step where supply planning is carried out,

based on the demand plan (required capacity), available capacity and inventory/backlog
levels. This step creates a preliminary production plan. In the two final steps, executives
for each relevant function gather to discuss issues related to balancing demand and
supply plans. The pre-S&OP meeting focuses on adjusting delivery and production
plans, creating alternative scenarios for the planning horizon, and preparing possible
decisions for the last step, the executive S&OP meeting. This final step focuses on
making balanced decisions and on agreeing a final “game plan” for the company
(Wallace & Stahl 2008; Jonsson 2011; Jacobs 2011). Typically, the sales and
production plans are based on product family groups Wallace (2008) recommended 7 –
12 product families), but there are examples of companies that base their planning on
more planning items (e.g. finished products, SKUs etc.).

Figure 1. S&OP process adapted from Wallace (2008). Reprinted with permission of
T.F. Wallace & Company.

The “game plan” determines the frameworks that the company functions have to work
to until the next meeting. Even though the game plan can include investment plans,
personnel plans (using overtime, hire/fire etc.), all of them are based on how the
company decides to balance its sales and production plans. Any difference between the
sales plan and the production plan will result in a corresponding inventory or backlog
plan, so an inventory plan in a make-to-stock situation and a backlog plan for make-to-

order or engineer-to order environments (Olhager et al.2001). As such, the
inventory/backlog is a good indicator on how well the company functions manage to
follow the game plan.

The S&OP organization
As Wallace & Stahl (2008) emphasized, S&OP implementation is, first and foremost,
about the people who participate in the process rather than just a set of models or
software. Hence, realization of the benefits of this process is bound to the cultural
context of the organization, integration of various functions involved in the decisionmaking process and the breaking down of organizational “silos” (Shobrys & White
2002). Top management participation and a focus on cross-functional integration are
important (Sheldon 2006), as well as giving participants clear responsibilities and
decision forums. Customers and suppliers are involved when having an interorganizational view of the process, but these inputs are also important in intraorganizational processes focusing on a single site (Grimson & Pyke 2007).
The S&OP process may be independent of a function, or belong to the
marketing, operations or supply chain organization. It may also be the responsibility of
a specific role, such as a supply chain or marketing manager, but there could also be a
full-time S&OP manager (Wallace & Stahl 2008). Yet, to be successful, Sheldon (2006)
argued that the process should be owned by the CEO, or at least by the top management
level. Other typical roles involved are vice-presidents for sales, operations, finance, HR,
supply chain and engineering, as well as a supply chain or master planner. The latter are
often responsible for pre-meeting analysis and generating reports based on sales and
production data (Wallace & Stahl 2008). The S&OP depends on executive
communication between sales, operations, finance and other functional areas (Jonsson
2011), with the cross-functional participation being the key to appropriately balancing

the sales and production plans. The communication between company functions is
facilitated through the S&OP process with the meetings between the cross-functional
teams enabling that communication (Figure 1).

The S&OP IT-system
Wallace & Stahl (2008) emphasized that S&OP is not an IT project: it is a change and
planning process. The major benefits from implementing S&OP are achieved through
improving the planning process, promoting the cross-functional awareness and making
all functions accept an agreed game plan. Yet, IT-systems can be used for decision
support and can greatly enhance data gathering, the generation of sales and production
plans, and the actual balancing of sales and production.
Ivert & Jonsson (2010) highlighted that an S&OP IT-system can support all
three parts of S&OP as identified by Noroozi and Wikner (2013): demand management,
supply management and balancing. Data gathering and forecasting is important in the
demand management phase and the ability to produce a set of scenarios, to match to a
set of possible sales plans with possible capacity alternatives in the production planning,
is also of utmost importance for an effective S&OP process. For balancing, which is
often carried out during the pre-meeting, spreadsheet software is often used for decision
support (Grimson & Pyke 2007). There are advanced planning systems (Stadtler &
Kilger 2008) available for S&OP that can run optimizations, scenarios and simulations
to find the best game plan for the company (Jonsson et al. 2007), but spreadsheets and
macros still dominate (Smith 2008). The more advanced software includes the
balancing of strategic and operational plans through S&OP, and the integration of
financial plans, risk and scenario management, customers, suppliers and competitors,
typically by means of a mixed-integer linear programing model (Wallace & Stahl 2008;
Viswanathan 2011; Noroozi & Wikner 2013).

IT software can also be used to track the performance of the executed plans
through S&OP dashboard solutions that monitor relevant performance metrics such as
sales and production targets, inventory/backlog levels, overtime needed etc. Another
issue of interest from the IT perspective is scenario and risk management Ivert &
Jonsson (2010), in order to face the future with more knowledge about different
scenarios/alternatives and their consequences on the company’s performance. Scenario
management also enables a company to shape the demand, rather than just balancing
supply and demand, which might lead to greater profitability (Cecere 2005). An
example of this is described by Rudberg & Cederborg (2011) where a company with a
strictly limited capacity focused on managing demand to optimize profitability. This
method is sometimes referred to as revenue management and is significantly more
important in markets with tough competition and limited margins (Atkinson 2009).

The S&OP effects
Studies indicate that S&OP has positive effects on business performance (Tohamy
2008; Thome et al 2012, Tohamy 2008); Jonsson (2011) showed that the performance
effect can be related to dimensions that are a part of S&OP. In this research, these three
dimensions are process, organization and IT-system. Typical positive effects that are
mentioned in the literature as the result of an S&OP process can be divided into two
categories (Wallace 2006): direct and indirect effects. The direct effects are related to
key performance indicators of the organization and include benefits such as customer
satisfaction (Muzumdar & Fontanella 2006), improved inventory turnover and
improved service (Basu & Wright, 2008), better forecast accuracy (Grimson & Pyke
2007), reduced out-of-stock incidents (Prokopets 2012), improved operational
performance (Gianesi 1998) and optimized customer service vs. inventory level and
cost (Thomé et al. 2012). The indirect effects are related to “soft aspects” that are hard

to measure, being what those people involved in the S&OP process have experienced.
The effects include improved visibility (Muzumdar & Viswanathan 2009; Ivert &
Jonsson 2010), better cooperation between personnel and management (Jacobs 2011)
better cooperation between different company functions (Gianesi 1998) and improved
organizational behavior (Wallace 2006).
Difficulties and problems have been identified when organizations implement
and use S&OP. Obstacles often mentioned are resistance to change (Bower 2005), an
inappropriate S&OP process and no executive involvement (Grimson & Pyke 2007).
S&OP processes and systems often result in the transfer of planning tasks from the
organization to the planner and centralizing authority, which can lead to disagreement
and resistance (Lewis & MacLean 2009). Lack of user training and knowledge can also
be an obstacle to changing planning processes and implementing new systems (Cecere
et al.2009; Jonsson et al. 2013). The literature also highlights that human and
organizational issues are often considered more significant obstacles to S&OP success
than are the technical issues (Bower 2005). Still, technical issues, such as data quality
problems and integration, affecting the information system infrastructure, are also
identified as obstacles (Grimson & Pyke 2007; Lewis & MacLean 2009; Cecere et
al.2009; Jonsson 2011; Jonsson et al. 2013).

Working model constructs
The literature review is synthesized (first sub aim of this paper) into a conceptual
working model (Figure 2) for analyzing the expected effects of the S&OP
implementation. The working model is conceptualized using three constructs: the
enablers, the S&OP approach and the expected effects. These constructs are all affected
by the contextual setting.

Contextual variables
In this study, we have chosen to focus on the following contextual variables: business
size, sawmill category, customer base and timber harvesting yield area. Business size is
examined because an SME may well be in the situation of having few resources and a
dependency on a CEO or a few key people (Ylinenpää 1997). Sawmill category is
dependent on whether the sawmill is a buyer sawmill or a part of a forest owner
association, but also dependent on the primary (planing, finger jointing, stress-grading,
preservation) or the secondary (structural building elements, semi-finished components)
further processing (Brege et al. 2010). Customer base is the relationship between
export, builders’ merchants and industrialized house-building companies (Gustafsson
2003). Timber harvesting yield takes account of the dimensions of the timber but also
the ratio between spruce and pine; for example, a harvesting area in the north of Sweden
is likely to have more pine than a comparable one in the south of Sweden.

Figure 2. Type your title here. Obtain permission and include the acknowledgement
required by the copyright holder if a figure is being reproduced from another source.

The enablers
The enablers are factors, synthesized from literature, that influence the S&OP approach
and the expected effects. These enablers are related to the S&OP implementation and
not only include items such as a common ground for sales and production (Jonsson
2011), communication (Ivert & Jonsson 2010), and executive commitment (Sheldon
2006), but also other activities and events, not directly connected to an S&OP
implementation, such as a company overarching program that aims to improve customer
satisfaction, operational performance or organizational behavior. The enablers affect the
S&OP approach by not only supporting the implementation and catalyzing the change
process, but also by affecting different dimensions of the individual S&OP approach.

The S&OP approach
The S&OP approach is derived from these dimensions: the process (Wallace & Stahl
2008), the organization (Sheldon 2006), and the IT-system. The latter is often
mentioned as a facilitator for utilizing the full potential of S&OP within and across
organizations (Ivert & Jonsson 2010), whereas the organizational setting is a
prerequisite for a successful implementation of S&OP.

The expected effects
The S&OP approach will affect the expected outcomes depending on the design of the
individual dimension, but it is reasonable to assume that the expected effects are also
affected by the enablers. Executive involvement can serve as an example of how the
S&OP approach and expected results are affected. Executive involvement enables the
launch of an S&OP approach (in order to improve customer satisfaction) but, on the
other hand, the executive staff may have already determined that the key performance
indicator (customer satisfaction) is an important metric for the organization and

therefore influence the expected effects. The expected effects described in literature are
either direct or indirect (Wallace 2006).

Research design and methods
The research design and process
The research is explorative in nature and qualitative methods were employed to increase
the understanding. For the theoretical development, we have used longitudinal process
data as suggested by Langley (1999). Since the conceptual working model is contextbound, a case study of a process of implementing an S&OP approach was chosen as the
appropriate research method (Miles & Huberman 1984). It was also a deliberate choice
to select an exploratory and qualitative research design by using a case study strategy
(Yin 2002), in order to have a holistic view of the S&OP implementation process within
the research setting whilst using the investigation of that process as the unit of analysis.
The selection of the case study is based on the size of sawmill, from revenue,
number of employees and volume of timber (m¬3) processed per year. The SME
definition of less than 250 employees and revenue less than 150 M€ is within the
definition of an SME stated by the EU. The volume of timber is also a determining
factor since there were, in 2013 in Sweden, 29 sawmills that processed 100 000 – 200
000 m¬3 timber per year (Anonymous2013). The number of sawmills producing 25 000
– 100 000 m¬3 timber per year was 121 in 2000 (Staland et al.2002). The selection of
Company A, an SME sawmill processing 100 000 m¬3 in the north of Sweden, is
interesting from a research perspective because not only is the company size similar to
that of many Swedish sawmills, but also the company has made a strategic decision to
increase further processing in their planing, pre-cutting, surface treatment and

component manufacturing, through supply chain integration, thus complementing
production output and raw material optimization in its tactical planning process.
The company decided to have an active sales force driving demand from
builders’ merchants and industrialized house-building sectors, and therefore faced the
challenges of customer and cross-functional integration in SCP. The company had also
decided to implement S&OP. These reasons make our case study selection suitably
representative for a single case study (Yin 2002). Furthermore, the company’s
participation in the Lean Wood Engineering (LWE) research program made it possible
for the researchers’ to access company data.
The research process was carried out over a two year period and involved
interviews with the management and observations of the participants at management
meetings to examine the processes that occur in a transition to an S&OP approach.

The research setting
The contextual settings vary from country to country. Since the case study explores a
Swedish softwood SME sawmill, the focus is on the Swedish context. The sawmill has
customers who are builders’ merchants, but also large contractors and industrialized
house-building companies. These types of customers have predefined service level
expectations: builders’ merchants are essentially retailers whereas industrialized housebuilders and large contractors will have requirements related to quality, delivery time
and reliability. The latter two can give exact forecasts (SKU, time, quantity), but
builders’ merchants usually only give an annual forecast and normally expect lead-times
of 2 – 3 days from the time they order (Gustafsson 2003). Industrialized house-building
is considered a niche segment within house-building (Brege et al. 2014) and typically
follows repetitive processes in both off-site and on-site production as well as in the
planning and control of the supply chain (Lu et al. 2011). These processes are designed

for the repetitive manufacture of specific products and the customer requirements from
such a customer could be, from a sawmill’s point of view, compared to a window, door
or other component manufacturer (Nord et al. 2011). Taken all together, these settings
and the change in focus for the case study company demand a new planning approach,
more in line with the current strategy.

Data collection
The data were collected from interviews, archival data and participant observations
(Table 1). In order to strengthen the validity of the case study, the respondents were
given an opportunity to verify the accuracy of the transcribed interviews. The validity
was also strengthened by comparing meeting notes and observations and the perception
of the people involved. The researchers’ observations of the participants during the
management and S&OP meetings, coupled with data collection, provided the
researchers with the opportunity to compare interview data with archival
documentation.

Data analysis
Visualization of process data was the basis for the data analysis (Langley 1999).
One researcher's field notes were first summarized in chronological order, in plain
narrative form. All the events and decisions identified were then moved to a spreadsheet
recording the date, the type of decision or event and whether there was a preceding
event or decision that was linked to the current event. The events and decisions were
then visualized as a flowchart. One company representative was asked to review the
entire case study for accuracy, after which some adjustments were made. To minimize
researcher bias during the analysis, the visualization was analyzed independently by the
researchers and then jointly assessed for the categorization fit.

Table 1. Data collection methods
Data

Data Collection Method

Purpose

22 Top

Archival data from agenda,

To identify what decisions were made

management

meeting minutes, decision

during the meetings regarding S&OP, but

meetings

protocols and appendices.

also the outcome of the decisions. To

Participant observations of the

compare the documents with actual

functional managers and the

behavior during the meetings.

issues discussed at the meetings.
13 Planning

Archival data with agenda,

To identify what decisions were made

meetings

meeting minutes, decision

during the S&OP meetings. To compare

protocols. Participant

S&OP meeting documents with the actual

observations summarized in

behavior and issues raised at the meetings

2012

field notes.
5 Interviews

To identify CEO, production manager,

perceptions regarding S&OP
2012

implementation.
Inventory

Archival data, average value per

To identify any changes during the period

levels

month, indexed values

that could have been affected by the S&OP
implementation.

September 2012

Cash flow
September 2011–

Semi-structured interviews

sales manager, sales representatives

September 2012

January 2011–

January 2011 – March January 2011 – September January 2011 – September 2012

Time

Archival data, accounts

To identify any change during this period

receivable minus accounts

in cash flow, raw material inventory levels

payable per month, indexed

and supplier invoices that could have been

values

affected by the S&OP implementation.

The first step was to map the sequence of activities in the implementation
project and the information flows within. We then analyzed how the process functioned
and how it affected the organizational focus. Our analysis used rich descriptions and
interpretation of the activities to categorize these according to dimensions identified in
the literature review. This process yielded a representation of the logic of the S&OP
approach, making effects more observable. The second step included identifying and
grouping texts connected to the second sub aim, using color marking, in order to
generate a cross-list of findings from the case study and the literature. Thereafter,
relationship between the S&OP approach and the expected effects (second sub aim)
were developed in an iterative way.

Case study company
The case company is a family owned sawmill founded in 1940’s, in the North of
Sweden. At the case start point, December 2010, there is a capacity of 100 000 m¬3
regularized and dried timber. Further processing throughput is about 40 000 m¬3. The
revenue in 2010 is 20 M€, earnings before interest 0.6 M€, and number of employees
56. The organization is run by the CEO, but the operational responsibility lies at the
sales manager, the production manager and the maintenance manager. The sales
department has divided the different market segments between the personnel; however
overlapping so that they can support each other when needed. The production manager
is responsible for the production personnel and the people working with dispatch. The
maintenance manager is responsible for mechanical and electrical maintenance, but also
of land and property.
The company’s board of directors made a strategic decision in 2009 to increase
the further processing of components for the builder’s merchants, the large contractors
and the industrialized house-building sector. Until then sawn timber has been the major

source of revenue. The new strategy is to drive demand especially toward the builder’s
merchants and the industrialized house-building market. An aggressive marketing and
sales strategy with the objective to increase demand in these areas would re-position the
sawmill as a component manufacturer.

Market and products
The customers are divided into four segments; export (36% of total sales), national
chains and independent builders’ merchants (16%), large national contractors and
industrialized house-building companies (19 %), and by-products (19%) sold to the pulp
and paper industry or to energy production. The assortment is based on pine and spruce.
The ratio between them has shifted from 70/30 in 2010 to 60/40 in 2012. The sawmill
strive to increase the spruce shear within the main product categories sawn timber and
further processing.

Figure 3. The sawmilling, planing and further processing at the case company
Production and timber supply
The sawmill production process shown in Figure 3 is divided into sawmilling, planing
and further processing, also called primary and secondary added value (Brege et al.
2010). The sawmilling has one line for logs of small dimensions and one for processing
larger logs. The timber is supplied by two large national forest owners. The drying and
regularization of dried timber is included in the sawmilling. The sawn, dried, and

regularized inventory consists of beams or boards that can be sold to export markets,
used for planing or further processing. The input to the planing process is either from
sawn, dried, regularized inventory or in minor cases purchased sawn timber, which
accounts for 2% of the total purchased volume. No standardized assortment is offered to
a specific market segment, but typical products are façade panels, beams and
construction beams. Production planning is regarded to minimize set up time at the
planing machines and the use of whole batches from sawn, regularized dried timber
assortment. The planed assortment inventory can either be sold to export markets,
builder’s merchants or industrialized house-builders. Further processing consists of
surface treatment, roofing board manufacturing, and component manufacturing (pre-cut
and processing of beam).

Longitudinal case study observations
The CEO implemented S&OP in order to reduce conflicts between the production and
sales department, but also to support the supply decision for the new production strategy
and aid the sales department to prioritize the new market strategy over the traditional
export markets. The S&OP approach was also implemented to increase internal
communication, separate short term planning from tactical planning and to reduce
inventory levels and costs.

Implementation of the S&OP approach
The concept of S&OP had been discussed earlier and the company was now ready to
implement the new tactical planning process. The new CEO started a pre-study in in
May 2011 where a business consultant reported that there was no forum for the
production and market to make joint plans. Actually the company had no formal forums
for decision making. The consultant suggested implementing an S&OP process. The

new CEO also started with top management meeting every fortnight with the sales
manager, production manager, maintenance manager and the financial manager with a
fixed agenda focusing on the sales, new product development, production outcome and
investment progress. The new CEO also asked the consultant to help them start an
S&OP process. The pre-study had also revealed that the sawmill production system
configuration was not sufficient for S&OP and not sufficient to follow-up the new
business strategy. The sawmill production system improvements were included in the
S&OP project.

Figure 4. Old and new planning concepts

The new planning concept (Figure 4) has its origins from APICS´S&OP description, but
was modified together with the S&OP consultant and the project team. The project team
consisted of the consultant, sales manager, production manager, maintenance manager
and the sales representative in charge of the dispatch planning, but also a representative
from the IT-company providing the sawmill production system. The project team

focused first on the planning concept and planning process, with the S&OP spreadsheet
macro. The next focus was organization and organizational roles and responsibilities.
Finally the sawmill production system was upgraded. The project lasted six months
before it was handed-over to the functional organization.

S&OP process
The S&OP process (Figure 5) consists of several activities divided into three phases;
preparation, optimization and decision. The preparation phase consists of updating the
templates used for the spreadsheet macro. It means to follow-up sales and production
outcome and also inventory levels for the previous month. Forecast accuracy is also
discussed. The sales and inventory outcome gives an input to the new sales forecast and
the sales manager updates the sales forecast for the next 12 months (rolling horizon).
Changes are handled by the monthly planning and the detailed planning (Figure 4). The
optimization phase starts with the updated sales forecast as an input to the new
production plan made by the production manager. The plans are not made on individual
items, but on product families or SKU group level. The sales plan and the production
plan are compiled into an S&OP draft and saved in the spreadsheet macro with a
resource plan per product family, material requirements plan per product family,
inbound timber delivery plan (spruce and pine), planned maintenance per machine
group.
The S&OP draft is used as input to the S&OP meeting where an optimized plan
with one or several scenarios is compiled together. The S&OP planner also recommends
one plan if several scenarios are discussed. The decision phase is where the top
management meeting would decide, ultimately the CEO, if the recommended plan
would be deployed. Either the top management meeting would accept, accept with

modifications or reject the suggested plan. The plan was then executed by sales and
production.

Figure 5. S&OP process with organizational responsibilities. Boxes represent events
and activities for example meetings, documents represent data in spreadsheets or lists,
and cylinder represents data in IT-system (database).

The output from the process is the S&OP plan. The volumes in the plan are
netted at the SKU level in four product family groups. The netted volumes are divided
between sawn pine and spruce (spruce and pine sawn to falling quality, spruce and pine
standard sawn assortment ), planed spruce (construction wood, construction wood 4.85.4 meters, façade panels, façade panels 4.8-5.4 meters, façade panel painted, spruce
planed standard assortment), roofing boards ( pine, spruce, mold treated, painted) and
spruce components. The raw material requirements are displayed in product family
groups but also on aggregated timber volumes on spruce and pine. Aggregated timber
volumes are calculated based on historical data on output per product family. The
material plan is therefore divided into two steps; timber logs and sawn or planed
components. Load plan is shown on the each process step; sawmill, drying,
regularization, planing, surface treatment, roofing board machine group, pre-cut

machine group. The S&OP plan consist of two planning points, one for sawn, dried
regularized inventory and one for planed assortment inventory. Due to the harvesting
timber yield in this region has a shortage on extra-long timber, the longer construction
beams and façade panels (longer than 4.5 m) needed to be planned separately.

S&OP organization
The new S&OP process demanded that production, sales and maintenance would
participate at the joint planning meetings but also to make the ground work for the
S&OP draft. However no organizational unit had the overall perspective and mistrust
between organizational units, so the CEO assigned a new organizational role; the S&OP
planner as the owner of the S&OP process. The responsibility of the S&OP planner was
to prepare the plans for the initial S&OP draft (Figure 5) and for updating the S&OP
process documents (follow up sales, follow-up production outcome and forecast
accuracy), as well as tracking inventory levels and external logistics.
The S&OP planner also assisted the sales manager in evaluating and updating
the sales plan, and the production manager in updating the production plan based on the
analysis and verification of the sales plan (Figure 5). The S&OP planner was also
responsible for combining the two main plans and to coordinate the S&OP planning
meeting on a tactical level, whereas the sales and production managers would focus on
operational planning and execution. The financial manager had the main responsibility,
also assisted by the S&OP planner, for analyzing the draft S&OP from a cash flow
perspective, keeping in mind the goals to minimize capital employed while keeping
necessary safety stock for both customers and for the own further processing. The final
decision on the S&OP for the coming planning horizon still resided with the CEO.

S&OP data and IT-systems
The sawmill production system could not facilitate S&OP process in an appropriate
way, wherefore a spreadsheet program was developed, amongst other things offering
the possibility to simulate different scenarios. Examples of deficits with the sawmill
production system were that it did not differ between all sales items in production, it
could only account for a standard price list, and that it could not prioritize according
actual customer demand. Still, the S&OP process was supported by a mix of data from
the sawmill production system (inventory levels, work in progress, machine group
utilization and sales orders), the spreadsheet macro, and other legacy systems.

Case analysis
We found graphical presentation of data (Miles & Huberman 1984; Langley 1999) to be
very helpful in conducting our analysis. The flowchart in Figure 6 serves two purposes;
firstly it is a visualization of the experienced effects of the S&OP implementation and
secondly, and most important, it is the tool for structuring data for the analysis using the
conceptual working model (Figure 2) in a systematic way. The following keys are
useful to understand: (1) Boxes represents events, (2) lozenges represent decisions, (3)
documents represent a document or a policy, (4) ovals represent, to the sawmill
external, forces that has an effect on the S&OP process, (5) stars represents, to the
sawmill internal decisions, activities, events and artifacts that has an effect on the S&OP
process, (6) arrows connecting figures shows that there is a connection, prerequisite or a
cause-effect relationship, (7) horizontal swim lanes divides the process data into the
S&OP working model constructs. In the following analysis if a specific action, event or
document is referred to that will be indicated with # and a sequence number. Inventory
levels are indexed, where January 2011 is 100 and the other months are plotted in
relation to January 2011 values. The cash flow has index 1 in September 2011.

Figure 6. Case description flow chart S&OP, including inventory levels and cash flow
The enablers
The enablers (Figure 2) are decisions, activities and events (Figure 6) that have affected
the S&OP implementation and the expected effects. The major impact and starting point
for S&OP implementation was the decision to implement a tactical planning approach
as a consequence of the new business strategy. The decision to increase the further
processing made it clear that production and sales must increase communication, since
it would not be longer the sales department responsibility to find offset for the

production output but rather drive demand.
The new manufacturing strategies for planing and further processing had an
impact on the implementation and the S&OP process itself. The S&OP needed to
support decisions for prioritization between:
x

Make or buy decisions, i.e. when is it better to get a lower timber yield output
and satisfy the customers and when is it better to make purchase of either sawn
or planed material for further processing?

x

Different product groups; i.e. when is it better to saw for export markets and
when to saw for input to planing and further processing products?

x

Different market segment; i.e. how should the needs for the same raw material
be prioritized between the customers, for example long beams and long façade
panels made from the same raw material?

Another enabler was the top management combined commitment to the new business
strategy and to the implementing of an S&OP approach. Also the launch of
improvement programs (reduction of inventory levels, new scenario for budget and
forecast, updated scenario for sawing less volume of pine) enabled the roll-out of the
S&OP process (#1 Figure 6). The CEO also launched a top management meeting every
fortnight with the sales manager, the production manager, the maintenance manager and
the financial manager with a fixed agenda (#2 Figure 6). The meeting, worked as an
information and decision forum, where the S&OP process output could satisfy the need
for the tactical planning horizon.

Planning process effects
One of the first steps in the implementation project was to design a adapted S&OP
process (Figure 5) with standardized working procedures in order to create a common

platform for tactical planning at the sawmill. The new process follows closely the
proposals by (Wallace & Stahl 2008) and became the foundation of the communication
platform. With the standardized process the sawmill was able to establish internal
supply chain integration between sales and production by concentrating planning
responsibilities to the S&OP planner. The new process made it possible to separate
operational planning and work order planning from tactical planning and letting the
monthly planning become a part of the tactical planning. Separation between the
sawmilling, planing and the further processing production planning was achieved by
introducing several planning points making it possible to plan the divergent and
convergent material flows within the same forum.
The new process increased attention to forecast accuracy resulting in increased
supply chain visibility, since the sales department was more positive to ask the customer
about their forecasts. As examples the demand of spruce and pine could be
communicated to the timber suppliers and even to the point of specifying dimensions
and lengths. The production manager concluded that:
“We should have involved our suppliers earlier in the process but also to focus on
procuring the raw material not included in our timber yield”

An issue at hand was that the builder’s merchants could order any item (#3
Figure 6). The S&OP asked the top management for guidance for what items would be
in the offering. The CEO gave the sales manager the task to define the actual SKU that
would be included in the offering for the builder’s merchant. From the original 800
SKUs 125 were selected to be held in stock, with a3 day delivery time from customer
ordering. The assortment and the production policies where decided in September 2011
at the top management meeting but revised continually during the next six months. The
Sales manager concluded about the S&OP project:

“We found our platform to combine sales and production plans, but we still had to
solve problems - it was not solved by the S&OP. I wish we had started with
defining SKU’s, inventory and service levels earlier”
After the second S&OP meeting the production manager was frustrated once again:
“It takes me 1-2 days to prepare the production plan based on the sales plan, which
according to the sales manager is done pretty quickly. I get the feeling that the
sales plan is not relevant since after day one the plan is abandoned”
The Sales manager stated that:
“It is good to have this plan and forum, but I know from experience that the
production will have some problems to meet the targets and therefore I adjust my
plan to reality, before it actually happens. I need to have the production plan in
order to know what to sell”
The question of what is proceeding what was clarified by the CEO in the new budget
policy (October 2011) that:
“The sales plan is feeding the whole budget and S&OP process. The sales plan is
made before the production budget and based on actual pricing. After that the
production will try to optimize the production plan”
This (#4 Figure 6) was actually the first time in the sawmill history that the sales budget
and plan would proceed the production plan. This also meant that the sales department was
responsible of prioritizing from actual customer demand.

Planning organization effects
The establishment of the S&OP planner role (#4 Figure 6) did not only create specialist
competence, but also clarified the roles and responsibilities between the sales
department and the production departments. The sales department did not need to
operate daily with the planning since their views and needs would be met. However for

some in the sales department this meant that they could not take orders that meant an
adjustment of the regularization (sawmill process) or change of planing orders within
the so called planning time plan fences (Jacobs 2011), which made it difficult for them
to accept the new role and boundaries.
The S&OP approach required an educational program, launched in January 2012
by the CEO, for the new planner role, the sales department and the production key staff
members in production and maintenance since that basic knowledge in supply chain
management was missing (#5 Figure 6). The S&OP meeting (day 15) together with the
educational program became a platform for learning and continuous improvement of the
process. The S&OP meeting and the educations stimulated new types of discussion
between the sales and the production department. One example was the prioritization
between producing long beams or long façade panels using the same raw material
(extra-long timber) became a question for sales to prioritize customers, not a decision to
make for the production department. Another outcome from the educational program
was that it created a common terminology.
The old planning concept organized the sales and the production department in
two functional silos. This made them argue about control of the monthly plan (Figure
4), rather than joint considerations at the tactical level. As an example, changes were
made to handle low material optimization but these changes ignored the sales needs,
which lead to increased antagonism and mistrust between the two different departments.
The S&OP organization made these two departments to look at the same data and make
joint decisions, even though after negotiation.

Planning IT-system effects
The S&OP planner had to use several IT-systems, mainly because the sawmill
production system, made it impossible to make the S&OP and forecasts. The

spreadsheet macro supported the planning process and the outcomes were then exported
to the sawmill production system monthly plan. The sawmill production system was also
upgraded to have possibility to serve multiple inventory or planning points for the
different SKU’s (#6 Figure 6). The spreadsheet macro made it possible to make a
tactical plan which would have been impossible with the old system. The S&OP
software installation and the software upgrade supported the educational program and
both actions facilitated the implementation of the S&OP process and the use of a
common terminology.
The customer segmentation forced the sawmill to establish planning time fences,
forecasting methods, decision of service levels and thereby safety stock calculations (#7
Figure 6). Safety stocks had earlier been established by a gut feeling of what was
appropriate and the release of large batch order quantities (production made extra-large
batches just in case) resulting in too high inventory levels. Service levels was a totally
new concept for the sawmill, but since the customer base of builders’ merchants was
increasing it became necessary to decide on a fixed assortment and appropriate service
levels, but at the same time maximum order quantities. In March 2012, when the sales
manager made a large contract with a new builder’s merchant retail chain two issues
was raised:
x

What service levels are the customers supposed to be expecting?

x

How large orders would be allowed within the planning time fences?

Since these issues had not been solved the company started a project to define service
levels per product family, but also to separate the inventory for order specific products
from commodity products (#6 Figure 6). Those customers, especially industrialized
house-building companies needed exact deliveries, but on the other hand could leave

very exact forecasts 8 weeks before order. This in contrast with the builders’ merchant
where the central purchase organization could give a forecast based annual sales but the
individual stores did not give any forecast, hence the forecasting was made by the
sawmill. The service level project was ended in May 2011, which also was a huge
cultural change where the builders’ merchants where used to always get the deliveries indicating that the inventory levels were far too large at the sawmill. The S&OP process
was also used to bring in a new builder’s merchant retailer.
The S&OP spreadsheet macro was used for building scenarios. The divergent
production flow combined with variability in quality specifications for different
customers is difficult to manually optimize. The S&OP spreadsheet macro was used to
create and test different scenarios to find a solution that would be optimal for the plan.
Several data quality problems were also discovered in the early phases of the S&OP
process implementation, many due to the fact that no one was responsible for
maintenance of the sawmill production system basic data. The S&OP planner became
the natural hub for information and basic data maintenance.

Direct effects
The direct effects noted were that the reductions of the stock were prompt after
implementing the S&OP approach. However it is important to see that the improvement
programs were launched at the same time (#1 Figure 6). The cash flow was not
improved in the same distinct manner, and we can conclude that the seasonal variation
has a large impact on the cash flow.

Contextual variables
This strong influence on the CEO and his dedication in both decisions and follow-ups
are evident (Figure 6) and therefore is business size proposed as the contextual variable

connected to SME characteristics might have also an impact on the process and the
direct or indirect effects as indicated in Figure 2. It is evident that the where the CEO
and few key personnel have a major influence and simultaneously critical for change
process that depends on these specific resources and thereby increase or decrease the
importance of executive commitment as an enabler.
The sawmill category (Brege et al. 2010), could have a different effect on the
S&OP approach in another case setting. For example will the market position and the
degree of backward integration give other possibilities to control the harvesting and
cutting parameters. The degree of forward integration affects the possibility to plan the
further processing activities and output differently
Customer base is changed for the case company deliberately, where export has
been the important customer base previously it was changed towards builders
merchants, large contractors, and industrialized house-building companies suggesting
that these would have an effect on the S&OP approach.
The fourth contextual variable is the timber harvesting yield were a different
location compared to this case with different distribution on timber dimensions and
species would not create the same priority conflict between production and sales
departments as in this case, and thereby affect the change process towards an S&OP
approach for tactical planning.

Discussion, conclusions and further research
An important conclusion is that the S&OP implementation process cannot be
isolated from the overall process of the new strategy formation within the firm. Links
between S&OP implementation and the changed strategy was noted. It became clear
when the CEO launched several “improvement” programs or changes which had a
direct effect on the performance. The transformation included major initiatives in sales

and marketing in order to drive demand, human resources development as well as
cultural change.

The enablers
The enablers for the S&OP approach and expected effects for an SME sawmill are
shown as a comparison of the summary of findings from the literature with those of the
case study analysis (Table 2). According to (Jonsson 2011) common ground for sales
and production is an enabler. We can see it being consistent with the case descriptions,
and especially finding a common ground for different strategies that are accepted by
both production and sales. Such common accepted traits are seasonality cyclic variation,
defined assortments, raw material prioritization and divergent and convergent
production flows (Table 2). The cyclic variation of both supply (easier to transport
spruce during winter) and demand (higher demand during summer months) affected the
S&OP approach, also discussed by (Grimson & Pyke 2007). Other production flow
characteristics, found from the sawmill context, are the need for defined assortments
especially when working with the sales and production plans for planing and further
processing. Raw material prioritization was yet another enabler, were the output yield is
another important factor in creating the S&OP approach and especially when
calculating the need for supply of timber, forecasting the need for make purchase of
sawn timber (for assortments that cannot be solely fulfilled by own production flow)
and the forecast for inventory levels of regularized and planed assortments (Figure 3).
The two planning points for divergent and convergent production flows also affected
the S&OP approach since the S&OP plan had to take both these strategies into account.
Ivert and Jonsson (2010) put forward communication as an enabler. The case
study showed that common terminology, but also that actual scheduled meetings (e.g.
top management meetings) and processes, were such an enabler. Finally the executive

commitment importance as an enabler has been discussed by (Sheldon 2006). From the
case description we can conclude that the change of the budget process (sales preceding
production) was such an executive decision that enabled the S&OP approach. Finally
the executive commitment importance as an enabler has been discussed by (Sheldon
2006). From the case description we can conclude that the change of the budget process
(sales preceding production) was such an executive decision that enabled the S&OP
approach. The executive involvement, especially the CEO’s personal involvement also
was a strong enabler, as were the improvement program for inventory reduction.
Furthermore, the effect from a changed business strategy was also a strong enabler for
the S&OP approach.
Enablers from Literature

Enablers from case study findings

Common ground for sales and production

Seasonality cyclic variation

(Jonsson 2011)

Defined Assortments
Raw material prioritization
Divergent vs. convergent production flows

Communication (Ivert & Jonsson 2010)

Communication platforms and discussion
forums such as continuous top
management meetings

Executive commitment (Sheldon 2006)

Changed Budget Process
Executive involvement
Improvement programs
Changed business strategy

Table 2 The enablers from literature compared to the case findings

The S&OP approach and its effects
In response to the second sub aim (effects of the S&OP implementation) the case study
reveals two direct and four indirect effects. The direct effects observed were:
x

Reduced inventory levels

x

Improved cash flow

x

A clear reduction in inventory levels could be detected after the S&OP
implementation (see Figure 6), but the effect on cash flows is not as evident.
One reason could be that cash flow wasn’t tracked from the beginning of the
study, but also that cash flow is affected by a lot of external factors that is not in
the hands of the S&OP process to control.

The indirect effects observed in the case study were the following:
x

Increased customer focus

x

Supply chain integration internally and externally

x

Assortment standardization

x

Inventory management

As one effect of introducing the S&OP process is the increased customer focus, became
evident and exemplified by that the start for sales became the sales budget rather than
the production budget. However, even though sales department still had to make
priorities and decide on what market segments to pursue but also considering a trade off
with production capacity. This finding is in line with Wallace and Stahl (2008) pointing
to the intermediating role an S&OP implementation generates.
Supply chain integration was the second positive effect that resulted in increased
internal collaboration, as well as increased external communication as a result of the

need for enhanced forecast accuracy. The sales department had to actively work to get
proper data which increases the communication internally and externally and increased
mutual understanding between customers and the company. Improved communication
is also an effect of S&OP pointed out by Wallace and Stahl (2008).
The third effect was the establishment of assortment standardization per
customer segment and the focus on adapted delivery flow that replaced the previous adhoc based planning. The S&OP changed the production philosophy from reactive to
pro-active planning and work with aggregated data rather than individual SKU’s. The
observed effect is consistent with Bower (2005), proposing that a change in planning
focus is an effect of the S&OP implementation.
The final effect was the introduction of inventory management through the use
of service levels, planing time fences, and maximum order quantities. The importance
of this management practice became obvious from the S&OP implementation but is also
important for the new business model connected to further processing. Without tactical
planning it is difficult to control the supply side and decide on raw material inventory
levels. S&OP can be seen as a response to increased need in coordinating demand, sales
and supply plans (Lapide, 2005; Tohamy,2008; Lewis and MacLean, 2009).
Some obstacles of the S&OP implementation were also observed:
x

Change from production to customer focus

x

Data quality and sawmill production system functionality

x

Human and organizational obstacles

x

Old procedures used in parallel

The difficulty for the sawmill to change from production focus to customer focus was
an obstacles for utilizing S&OP are that it requires knowledge of customers’

requirements, logistics and production planning (Jonsson 2011). Customer’s
requirements mainly as forecasts on product families and in some cases individual
SKU’s was not always easy for the sawmill to obtain. Typical problems encountered
were that builders´ merchants would only give forecast on an annual base, not
individual stores, and that sales in export was based on the output combined with
possible shipment dates.
Data quality was another obstacle encountered as difficulties to acquire data
from the IT-system. The IT-system needs to support the S&OP process with data for
several planning points and inventory levels. The sawmill production system did not
either allow for e.g. contract manufacturing or full use of make or buy to fulfill further
processing.
Human and organizational obstacles encountered when individuals or
organizations lost either power (sales could no longer change the production plan within
the planning time fences) or continuous mistrust (production manager perceived that the
sales forecast were not properly made).
An obstacle was that the old procedures were used in parallel with the S&OP.
Even though S&OP became an accepted planning method, the quarterly planning
meetings for slow mover SKU’s had not been totally replaced by S&OP. One reason
was that these meetings had always been a way to gather sales and production around a
short term solution that would give a boost in cash flow. The intention was however to
move these questions to the S&OP and also to raise the question about the slow movers
more often than quarterly.

Conclusions
The main contribution with this article is empirical data. Empirical data both from the
sawmill industry context were very little SCP theories have been applied. The empirical

data also contribute to extend the understanding of S&OP and linking traits (seasonality
cyclic variation, defined Assortments, raw material prioritization, divergent vs.
convergent production flows) to the theoretical model. The empirical data can
contribute to further the theoretical development of the working model constructs; the
contextual variables, the enablers, the S&OP approach, and the effects.
The company had understood, before the implementation, that the inventory
levels at the company were probably too high. The storage area was never sufficient,
constant debacle between production and sales regarding different priorities. The
debacle increased as the further processing increased at the company driven by the new
business model. Hence a change was needed, and based on the requirements from the
board of directors the company implemented S&OP. Through the case analysis of
S&OP process, organization and IT, the research in this paper has identified necessary
enablers for S&OP implementation, but also effects that can be expected from such an
implementation. The results also clarify typical obstacles that have to be dealt with
when implementing S&OP.
The study showed that S&OP improved internal and external supply chain
integration, but also made it possible to separate operational planning from tactical
planning and thereby reduce the re-active planning at the sawmill regularization and
planing process. An important benefit is supply chain visibility in terms of assortments,
inventory policies but also a transparent planning. However, it is impossible to isolate
and in detail trace what were affected by the S&OP approach, what were affected by the
enablers or the contextual variables. Therefore it is impossible to validate the direct
effects with this study.
The obstacles have been of cultural and human aspects but also software and
data related. Lack of training and understanding of supply chain management were

identified as one of the causes of these difficulties, but the sawmill management had
also underestimated the difficulty in changing the mindsets of the employees.
The results of the study have implications for practice and research. From
managerial a perspective, the research indicates that S&OP is important for sawmills
increasing further processing. Managers can also use the results to analyze their
conditions and if they have the enablers for implementing S&OP and how to take into
account the three perspectives of the S&OP process, organization and IT-systems when
developing their own concept.

Further research directions
Further studies on S&OP implementation and change processes are needed to
understand how to implement the S&OP concept and its potential benefit for SME
sawmills. More case based studies could develop and generalize the identified
constructs and relationships in the working model. The relationships also need to be
developed through proposition, and later tested, making through deductive approaches
in wider empirical contexts, for example through multiple case studies or surveys.
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Abstract
Research Question/Hypothesis: Can a production process design framework created by
integrating Value Stream Mapping (VSM) and Discrete Event Simulation (DES) be used
to assess the production system performance, as predicted by a future state design
of small and medium sized enterprises (SMEs) working in industrialized construction?
Purpose: To explore a production process design framework in which VSM is used to
identify doable improvements and DES provides analytical evaluation of them.
Research Method: The demonstration was carried out at a Swedish SME industrialized
construction component manufacturer
Findings: VSM is unable to evaluate analytically the performance of the future state
design. This inability leads to unnecessary implementation iterations. VSM assumes a
deterministic model and cannot describe the dynamic behaviors of a system. The
dynamic behavior of the construction processes will result in the future state design
not performing as expected. However, by analytically evaluating the future state
with DES helped the case company to implement a new production process design.
Limitations: DES modeling is still time-consuming and needs skilled professionals, the cost
of whom can be prohibitive for SMEs and demonstrated in one case study.
Implications: The integration of DES and VSM provides a framework to evaluate and
communicate the outcome, hence enhancing the application of VSM.
Value for practitioners: A lean framework, which can be used, for industrialized
construction processes especially by SMEs with very limited resources, to validate
changes before implementing them.
Keywords: Value stream map, Discrete Event Simulation, Industrialized Construction,
Small Business, Process Design
Paper type: Case Study
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Introduction
The loosely-coupled construction supply chains created by the involvement of many
interdependent sub-contractors and suppliers destabilize the production process on-site
(Bertelsen and Koskela, 2002). Industrialized construction methods (Koskela and Vrijhoef,
2001) that use prefabrication and modularization (Lennartsson and Björnfot, 2012) have
been suggested as one approach to reducing process variation by standardization (Alves et
al., 2006; Höök and Stehn, 2008). However, a trade-off between Lean and Agile production
strategies is needed to adapt to fluctuations in demands and the customization of the
construction value chain (Lu, Olofsson and Stehn, 2011). A predictable outcome enables
efficient use of the production system. Variability in the supply chain can be detrimental
and must be properly considered in the design of new production systems in order to
reduce the financial risk of investments in manufacturing resources (Singh, 1986). A
majority of Swedish companies involved in industrialized construction supply chains are
small and medium-sized enterprises (SMEs) with limited resources and it is essential for
them to be able to pre-evaluate changes to their production system design.
The Lean method of value stream mapping (VSM) enables a process owner to focus on
production system improvements. The execution of a VSM should be iterative and
incremental i.e. taking several small steps that will lead to an improved production
process (Rother and Shook, 2003). The incremental approach is partly due to the problems
associated with accurately predicting the effects on process performance of a future state
design produced by VSM (Marvel, 2009). In addition, the incremental implementation may
result in unnecessary iterations (Ferrin and Muthler, 2002).Simulating and testing new
processes before implementation is a way of undertaking low-risk experiments, without
endangering an organization (Sterman 2000). This becomes even more important for SMEs
that are part of a construction supply chain, with limited resources to use for process
change. SMEs often do not have the financial capacity required for testing new processes
(Ylinenpää, 1997).
The purpose of this study is to investigate and validate a process design framework
by integrating VSM and Discrete Event Simulation (DES), in order to assess the production
system performance as predicted by a future state design. A demonstration of it was
carried out at a Swedish SME industrialized construction component manufacturer.

Literature Review Value Stream Mapping and Simulation
The literature review has been carried out by selecting papers describing VSM and
DES, from the databases; Taylor & Francis Online Journals, Science Citation Index
Expanded (Web of Science), iVerse ScienceDirect (Elsevier), OneFile (GALE), Google
Scholar and Lean Construction community. Using the keywords Discrete, Event,
Simulation, Value, Stream, and Map* yielded a total of 348, from which 23, published in
peer-reviewed periodicals discussing Lean and DES were studied. It is important to note
that the combination and integration of Lean and DES is of interest to a large community.
The published papers appear in a wide range of journals ranging from manufacturing e.g.
The International Journal of Advanced Manufacturing Technology, Journal of Manufacturing
Technology Management and International Journal of production Economics, to
construction applications e.g. Engineering Construction and Architectural Management,
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Building research & Information and Lean Construction Journal. From the 23 papers, 8
papers that described VSM and DES exclusively were selected (table 1). All of these papers,
that combined VSM and DES, described case studies, but none of them built any hypothesis
or constructs regarding the combination of methods that integrates VSM and DES for
process design evaluation, or defined the interaction between VSM or DES components.
The selected literature shows that an approach to systemize a framework is needed.
Table 1: Literature Review results
Reference

Industry

Results

McDonald et al., 2002

Manufacturing

DES can be an integral part of the VSM in
order to complement the future design

Abdulmalek and Rajgopal, 2007 Process

Data provided by DES is used to evaluate and
validate VSM process design

Lian and Landeghem, 2007

Manufacturing

Integration of DES with VSM enhance
information for process design

Agyapong et al., 2009

Manufacturing

Transforming static models (VSM) into
dynamic (DES) adds future process design
reliability and validity

Anand,G. and Kodali,R., 2009

Manufacturing

DES allows visualization and validation of the
VSM future process design

Marvel, 2009

Manufacturing

DES increase effectiveness in evaluating VSM
future process design variability

Yu, 2009

Construction

VSM combined with DES increases
understanding of the behaviour of future
process design

Gurumurthy and Kodali, 2011

Construction

DES allows visualization and validation of the
VSM future process design

Value Stream Mapping
VSM is described as an iterative method for mapping and analyzing value streams
(Rother and Shook, 2003). Its purpose is to quantify and communicate production process
characteristics such as material and information flows as well as non-value adding
activities (Lasa et al., 2008). It is used for developments such as lead time reduction,
throughput increase and reduction of work in progress (WIP) (Alvarez et al., 2009). VSM
consists of the elements “mapping the current state gap”, the “future state design” and a
“yearly value stream plan”. The current state gap presents a visual representation of the
value adding and non-value adding activities in a process. The future state design is a
value stream where the identified problems of the current state have been remedied. The
yearly value stream plan forms the implementation plan, which closes the gap between
the current and the future state, as well as determining the schedule of necessary changes
needed to improve the production process as defined by the future state design (Rother
and Shook, 2003).
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A particular disadvantage of VSM which reduces its usefulness is that is does not
provide ‘hard facts’ for managerial decision-making, merely indicates a direction. The
process owner should use other methods to find ‘hard facts’ to solve the root cause of any
problem (Khaswala and Irani, 2001). VSM has also been criticized for being deterministic
since it does not take into account fluctuations in demand (Hampson, 1999) or process
variability (Hines, 2004). Variability is a key parameter in the design of processes and
defining inventory levels.
An important conclusion is that VSM does not have the ability to analytically predict
the effects on the future performance of a production system. It’s as a result of discussion
and a consensus of opinions, rather than a result of an analysis.

Improving the Value Stream
Value stream performance can be described in terms of lead time, inventory and
operational costs (Brewer and Speh, 2000). Lead time is the time from when an input
enters a production process to its exit i.e. the time needed to produce output. Inventory is
the stock level or input that the project needs to transform into output. A reduction of
work in progress (WIP) and inventory levels gives shorter lead times according to Little’s
law (Hopp and Spearman, 2000), and a more flexible process (Simonsson et al., 2012).
Operational costs are costs connected to the transformation of input into outputs; these
include wages, rental of machines, other resources and overhead costs.
The need for validation before changing production processes is important for SMEs.
These companies are often economically vulnerable and more dependent on a steady flow
of transactions. In addition, ownership, management and control are normally handled by
one person, implying a simpler decision-making process than in large enterprises.
However, in smaller organizations, ideas that reach the introduction stage without having
been first evaluated using a rigorous stage gate process can cause uncertainty at the point
when managerial decisions require validation of those ideas; this is often connected to
monetary commitments that are made prior to implementation (Pitta, 2008).
Even though it has been suggested that increasing the amount of information can
improve this situation (Forsman, 2011) and that a reduction in uncertainty increases the
need for information (Daft, 1986), it is not obvious whether more information will lead to
better decisions. Decision-makers often lack important information and consequently,
uncertainty is present throughout the decision-making process (Levander et al., 2011).
Therefore, simulation, experimentation and evaluation of the future behavior of a new
system may help to support the managerial decision-making process for SMEs.

Discrete Event Simulation
Simulation is the method of developing and experimenting with computer-based
models of operations, such as construction processes, to analyze and evaluate the
behaviors of a system (AbouRizk, 2010). Discrete Event Simulation (DES) has been used in
construction process simulations since the development of the CYCLic Operations Network
(CYCLONE) (Halpin and Riggs, 1992). Using DES, process behaviors can be evaluated before
implementation and re-designed until the desired performance has been. DES has been
proven to be an effective technique in predicting and evaluating the behaviors of systems
(Banks et al., 2000). After the introduction of CYCLONE, there have been many
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construction simulation programs developed, such as UM CYCLONE (Ioannou, 1989),
STROBOSCOPE (Martinez and Ioannou, 1994), ABC (Shi, 1999), Simphony.net (Hajjar and
AbouRizk, 2002), RiSim (Chua and Li, 2002) and SDESA (Lu, 2003). Recently DES has been
used to improve construction value chain performance (Lu et al., 2010) and is viewed as a
Lean method for re-engineering a production system (Al Sudairi, 2007). However,
simulation is useful in evaluating the performance of a particular design, but not in
determining the optimal design from a large set of potential designs (Simchi, 2003).
The integration of lean, VSM and DES provides convincing arguments for the adoption
of lean. A simulation model combined with VSM was developed to examine different
scenarios in order to identify the advantages of using VSM (Abdulmalek and Rajgopal,
2007). Note that the integration of VSM with DES is more prevalent in manufacturing than
in the construction industry. Simulation-based VSM makes it possible to analyze complex
systems and communicate the simulation results in a language that lean recognizes
(Solding and Gullander, 2009). Both VSM and DES provide a holistic view of a system, but
DES adds a fourth dimension, time, to VSM. The combination of DES and VSM offers insights
that may have been missed if VSM alone had been used (Donatelli and Harris, 2001). Thus,
DES can enhance VSM.

An integrated Value Stream Mapping Framework
Our literature review reveals that lean methods and process simulation are being
increasingly adopted. However, applications in construction are still limited, even though
they have been considered (Agbulos et al., 2006, Lu, Olofsson, & Segerstedt, 2010). More
importantly, there is a lack of an integrated approach that may provide a way to compare
the performance of the lean system to that of the existing system (Detty and Yingling,
2000).
This approach may be especially important for SMEs that have limited resources and
where implementation of unsuitable solutions can be detrimental to the company. This is
demonstrated by a case study of the roasted and ground coffee industry, where combining
VSM and DES enabled the improvement of the SME’s batch production system (Parthana
and Jirachai, 2012). The proposed framework integrating DES and VSM (Figure 1), based on
the literature review, thus presents a systematic description on how SMEs may use these
two approaches to reduce the risks by simulating and visualizing the future VSM before
implementation. McDonald et al. (2002) described how an integrated application might
also be able to predict the outcomes of dynamic situations that could not be addressed by
VSM alone.
After the initial step of mapping the current state, the workflow is divided. DES and
VSM are carried out in parallel. To build a DES model, the “model conceptualization” step
abstracts the essential characteristics of a production system and formalizes the
mathematical and logical relationships of the components in the DES model. Data can be
collected by observations, interviews, workshops or archival documentation. The DES
model developed is verified by tracing entities to determine if the model’s relationships
are correct and accurate enough. During verification, the performance of the simulation
model is compared with the existing system, but also visualized together with
practitioners, in order to validate the DES model. Visualizing construction operations in a
3D environment can be of considerable help to the validation of simulation models and
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provide valuable insights into the details of construction operations (Kamat and Martinez,
2003).

Figure 1 A proposed framework integrating DES and VSM and their interrelationships
based on the literature review
The validation of the simulation model, through visualization of the construction
operations enables the simulators and managers to walk through the virtual environment
step-by-step to determine whether the simulation model behaves as determined by the
future VSM, as shown in figure 1. If problems are identified, the process returns to the
steps “concept model” and “data collection”. At the same time, the VSM helps to “identify
current rocks” using the Japanese lake analogy, and remove them, i.e. non-value adding
activities, generating the next future VSM. The VSM and DES workflows are merged at the
“experimental design” step integrating the static VSM and dynamic DES, to produce ‘hard
facts’ about proposed changes. DES is used to evaluate and validate the expected
outcomes of the different scenarios i.e. the behavior of the future VSM. If the outcome is
the desired, the future VSM can be implemented in order to increase system performance.
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Case Study
The supply chain for industrialized construction companies in Sweden is made up of
many small companies that have fewer than 250 employees and a turnover below € 50
million. To validate the proposed framework for the integration of DES and VSM, a
qualitative case study of a construction component manufacturer was chosen, because of
the company’s position in the industrialized construction supply chain. The case study
company produces windows, patio doors and other components for industrialized builders
of detached family houses. The case study examined the value stream from the receipt of
the raw materials to the delivery of patio doors to Sweden’s largest industrialized housebuilder, which has about 30% of the total market share. A total of eight different patio
door models ordered over 42 months showed little variability, with an average of 188 doors
per month. The demand followed a seasonal variation that is normal in construction, with
higher demand during the summer months. The data collected in relation to the proposed
framework are shown in Table 2.
Table 2: Sources of data obtained during the research.
Data Collection method

Purpose

Note

VSM Workshops

Input for the VSM and
simulation model
conceptualization

Transcribed comments from three workshops
with the managing director, production
manager, and marketing manager. The current
and future states were drawn in Visio
(Erikshammar et al., 2010)

Interviews

Validation of DES model

Transcribed semi-structured interviews with
the managing director, production manager and
marketing manager

Understanding the SME
challenges
Validation of the
implementation
Archival documents

Validation of VSM model

Triangulation of VSM results with workers’ time
sheets and financial calculations

Transpose validated
data from VSM to DES

Simulation data

Data from each production process step were
compiled into spread-sheets and then used as
input

Simulation runs

Experimental data

The simulation was run at the university and
the results validated with the practitioners

The company faced two major challenges in their current batch-oriented system:
 how to increase flexibility in the production system
 how to reduce lead to customer time without increasing inventories
In order to strengthen the validity of the case study, the respondents were given an
opportunity to verify the accuracy of the transcribed interviews (table 2). The validity was
also strengthened by the triangulation of VSM results, simulation and archival documents
of the current system behavior. Participant observations during the data collection
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provided the researchers with the opportunity to compare qualitative data with measured
and simulated data and thereby build a reliable simulation model. For the VSM and DES
applications, lead time was used as the controlling parameter. The relationship between
lead time and work in progress (WIP), or buffers, is linear, as defined by Little’s Law.

Research Findings
The research findings are presented by describing the steps in the framework for
integrating VSM and DES as shown in figure 1: Mapping the Current State and Identify
Current State Gap, Future State Design, Experiment, Simulation Runs and Analysis, and
Implement Value Stream Plan.

Mapping the Current State and Identify Current State Gap
Preparation started with discussions with the managing director. These were
followed by the first workshop with the managing director, the production manager and an
operator to obtain detailed knowledge of the production process, machines and staff. In
this first workshop, the Lean philosophy and Lean tools, with a focus on VSM, were
presented. The second workshop, lasting three days, was held at the plant where the VSM
team and researchers walked through the production flow, from receipt of raw materials
to finished goods, to gain an overview of activities and to interview personnel. Then, a
map of the current state from start to finish was constructed using post-it. The result was
transcribed (figure 2) using VSM notation (Rother and Shook, 2003).
The current VSM (Figure 2) represents a push system. To use the planing machine as
often as possible, parts are pushed onto the production line when it is idle. As raw
material was delivered once a month to the factory, there was a monthly production
schedule that controlled fabrication. Material was stored for an average of 10 days before
it was planed. In the next process step Working, holes were drilled for mounting the
espagnolettes, arcs and hinges. The Filler step was where quality defects in the assembled
components were manually filled and repaired before moving onto the Priming and
Painting steps. After the paint had dried, the hinges were mounted and the patio doors
were assembled and packaged, eight doors per pallet, ready for a weekly dispatch to the
customer. The current state showed the following issues that needed to be addressed:






Demand for a whole month’s worth of production batches, simultaneously released
into the production system, caused the production area to become filled with
material and pallets, creating a risk of mixing-up orders and causing defects
Total lead time was longer than the demand horizon which resulted in decisions
being made based on forecasts rather than actual demand, thereby reducing
flexibility
Waiting time caused personnel to start the production of other orders leading to
even more WIP

It is logical for the company to produce a whole batch after setting up the planing
machine, since changing the die (set-up time) takes up to twelve hours. When there is high
customer demand, the company needed to put at least the whole monthly batch into
production in order to be able to use the planing machine for other orders.

Lean Construction Journal 2013
http://creativecommons.org/licenses/by-nc-nd/3.0/

page

54

www.leanconstructionjournal.org

Erikshammar et al: Discrete Event Simulation Enhanced Value Stream Mapping: An Industrialized
Construction Case Application

Figure 2 Illustration of the current state VSM as transcribed from the workshop.

Future State Design
A workshop and brainstorming session was then held, considering the question: “how
would you change the production process to make it world-class and what would the
production process look like in 10 years”? The ideas were put on a white-board using postit notes and later transcribed into a diagram of the future state (figure 3). The team
suggested a future state design with the following improvements to reduce lead time and
increase flexibility:
x

Reduce the customer batch size to a two-week batch

x

Create a small finished goods inventory in order to level out the demand

x

Introduce takt time

The Introduction of takt production time means that the resources, except planing,
work 6 hours per day, with a two week batch of 192 items being pushed to the production
system. The initial inventory at the decoupling point is 96 doors. This means that the
planing machine is set-up twice a month instead of monthly. This increases the process
time at the planing, but currently the planing machine is at times in the month and so an
increase in the number of set-ups will not affect the capacity. This process can be
followed until there is a technical solution for reducing the set-up time of the planing.
Painting is now a collection of activities put into a production cell along with filler,
priming and painting, in order to reduce set-up and cleaning time and also to reduce the
need for a buffer. The working operation has also been designed as a production cell with
one piece flow. Before the working operation, the buffers act as the interface between
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push and pull, that is, a decoupling point with a supermarket solution. On every Friday the
actual number of doors ordered, 48 doors on average, is dispatched to the customer.
The current and future VSM were displayed where everybody in the factory could see
them and a team was assembled to start the implementation. However, the
implementation phase was paused when the managing director said at one meeting:
“I can see it, I can believe it, but how can I be sure that these
improvement strategies will benefit us and not plunge us into chaos”

Figure 3 Illustration of future state VSM from the initial workshop.

Experimental Design and Simulation Runs
The integrated model was built according to the framework to integrate DES and
VSM, as shown in figure 1. The simulations were carried out using SimioTM, a simulation
modeling framework based on objects which supports both discrete and continuous
systems, along with large-scale application, and is s based on agent-based modeling
(Sturrock and Pegden,2011). The simulation workflow starts with a model for the current
VSM which is verified and validated in two ways. Then, the model is modified to reflect the
proposed future VSM and assess the impacts of adopting it.
The DES was carried out at the same abstraction level as the VSM. The inputs to the
model were: (a) patio door variants, (b) customer demand, (c) process and waiting time
and (d) production and transportation batch. The output from the simulation model was a
production summary (figure 4).
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Figure 4 Input to and output from the simulation model.
Validation of the future state design is simulated by using a strict takt time
production cycle to enable an even flow, which means that 12 components have to be
produced by each workstation every day from Monday to Thursday. The company uses a
capacity buffer i.e. the use of more workers and/or overtime to complete the takt time
production cycle if necessary. Lead time and batch sizes are the same.
The simulation run time is 120 weeks. Warm up time is 4 weeks. We define the input
data (table 3) of the simulation model thus (Hopp and Spearman, 2000):
x

Cycle time (CT): the average time from the release of a job until it reaches
an inventory point, that is, the time the part spends as WIP.

x

Work in progress (WIP): the inventory between the start and end points of a
product

x

Throughput (TH): the average output of a production system.
Table 3: Input data of simulation model.
Planing

Operation time Normal
per unit
(600,100)
(seconds)
Set up time per
batch (seconds)

43200

Working

FillerGrinding PrimePainting

TopPainting

MountHinge

FrameFinalAss
embly

Normal
(1098,100)

Normal
(1392,108)

Normal
(1026,100)

Normal
(579,115)

Normal
(629,125)

Normal
(1152,130)

450

0

900

900

600

900

The simulation model is verified using two approaches. First, a trace window is used
to check the intermediate simulation outputs, as shown in figure 1. Second the simulation
response is compared with a known analytical solution (Kleijnen,1995). In the simulation
model, a state named WIP is defined to represent the work in progress in the system. The
initial state value of WIP is set to 0, but when an order is moved to Machine planing, the
value becomes WIP=WIP+1 and when an order is completed in Machine Frame final
assembly, the value becomes WIP=WIP-1. In the final assembly process step
(FrameFinalAssembly), the cycle time and time between jobs out are measured. These two
values are used to calculate the average WIP using Little’s law (WIP=TH*CT). The
calculated value of average WIP is compared with the state value of WIP calculated by the
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simulation model. If they are almost the same, then we can verify the simulation model
because the simulation results are consistent with Little’s law. From the statistics of the
simulation model, the average CT is 345.65 hours and the average time between jobs out
is 3.47 hours. The calculated average WIP by Little’s law is 99.58. The average WIP
calculated by simulation model is 98.76. These two values are almost the same. Hence, by
comparing with the average WIP from the simulation model, the simulation model has
been verified.
Table 4: Output data of simulation model.
Mean cycle time (hours)

Std. Deviation cycle time

Average WIP

Current VSM

345.65

142.57

98.76

Future VSM

246.75

79.84

23.05

Simulation of the current and future states shows that lead times are reduced with
reduced batch size, as expected. Mean inventory level, converted using Little’s law to
units of time, is reduced when using reduced batch sizes (table 4). The total time for
processing one door, as defined by the future state design, is actually less than that in the
current state, enabling just-in-time delivery of weekly orders. This means that the
company would have a shorter lead time to the customer in the future with reduced
inventory. The total number of finished goods is reduced. The reduction of lead time as
defined by the future state design can be achieved by a reduction in the production batch
size to an equivalent of one day’s worth of average customer demand.
Usually, statistical analysis is needed to determine whether observed differences are
due to differences in system designs or to the randomness inherent in the simulation model
(Banks et al., 2000). In order to better understand the effects of the changes proposed on
the future state map, a Two-Sample T-test was carried out. The statistical analysis was
carried out using Minitab. The outputs (Table 5) indicate a large difference in lead time
when comparing the current VSM with the future VSM. Hence, the significant difference
between the current and future VSMs can be concluded to be due to the different designs.
Table 5: Output data of simulation model. Estimate for difference: 98.90, 95% CI
for difference: (95.15, 102.65) and T-test of difference = 0 (vs not =): T-Value =
51.72 P-Value = 0.00 DF = 11453
N

Mean

StDev

SE Mean

Current VSM

7296

346

143

1.7

Future VSM

7317

246.7

79.8

0.93
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Value Stream Plan Implementation
The future state VSM was transformed into the activities that made up the yearly
value stream plan. All activities had a person responsible for them and the production
manager was appointed as the value stream manager. After the simulation results were
presented at the final workshop with the managers and the production staff present. One
of the staff stated:
“I knew that something was wrong when the harder we worked the less
we produced”
During an interview, the manager stated that the simulation data could also be used
for estimating the cash-flow (finished goods inventory) and the level of workforce
required. In this way, the production manager could show the managing director how a
reduction in batch sizes (reduction of inventory) would affect productivity (maintaining or
improving it) and mean order delivery time (at least maintaining the status quo). After the
simulation results were presented, the managing director gave the ‘go-ahead’.
A year after the final workshop an interview was conducted with the managing
director. The future state design was not fully implemented beacause:
x

The demand from the house builder had reduced by more than half due to the
economic recession and because a larger part of the orders were now projectunique.

x

The design of the patio door changed due to new energy regulations and
operationalizing the finished goods inventory was postponed until the new
product has been certified.

x

The production cell of ‘working’ lay out had changed. The machines had been
re-designed to be more flexible. This increased the set-up time and therefore
the supermarket is positioned after the working operation.

x

Due to low demand, the painting operation was only carried out for 2 days a
week instead of 4 hours per day for this product.

However, by using Make-to-Stock production strategy for the patio doors and Maketo-order production strategy for unique project orders, a better flow was achieved.

Analyzing the Integrated Framework
According to Lean process improvement is often implemented using continuous
improvement (Kaizen) or radical change (Kaikaku) strategies (Imai, 1986). The crucial
prerequisite for these strategies is a standardized process in a defined system. In the
absence of a known standardized process, the improvements require process mapping,
where key problems in the current process are identified. The last step is to design and
implement the new process, based on validated data, with appropriate methods. The unit
of analysis is the proposed framework of integrating VSM and DES and therefore it is
relevant to analyze the framework and its components based on literature review.
The framework for integrating VSM and DES uses VSM to identify potential future
improvements and uses DES to provide a quantitative evaluation of the proposed
improvements. By providing “hard facts”, the proposed implementation of the future state
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design passed through the management gate in the stage gate process. As described by
Gurumurthy and Kodali (2011) and Anand and Kodali (2009), this gave the management the
opportunity to understand the future state production process design and performance.
The framework supports the idea of providing the manager with more analytical data to
reduce the uncertainty (Forsman, 2011). The evaluation of the solution through discussions
(Daft, 1986) between experts, the production manager and the managing director resulted
in a better understanding of the system dependencies, something that the framework
encourages. The interaction probably also reveals the process of finding the right questions
to ask (Levander, 2011) and therefore to simulate.
This underlines the idea that simulation can be used to reduce the iterations of more
costly real-world implementations as described by Abdulmalek and Rajgopal (2007). In
fact, the findings show that the framework is iterative rather than sequential, hence the
need to validate the conceptual model and re-collect data several times. This is consistent
with the case study described by Agyapong et al (2009).
Table 6: Gap and selected improvement strategies suggested by the Future state design
using VSA, Future state Validation using DES and Implementing the Value Stream Plan.
Gap

Future state design using VSA

Future state Validation using
DES

Increase production
flexibility using the current
batch-oriented system

Reduce batch size of raw material to Reduce batch size to weekly
15 days, weekly batches in production deliveries of raw material
and daily batches in
production

Reduce lead time without
increasing the finished
goods inventory

Release weekly increments

Release daily increments

The static model VSM, even when using spreadsheets for analysis, could not:




Predict the effect of variability in the production system of events such as the
level of customer demand when assuming a normal distribution of their
occurrences.
Consider the effects of random variation in processing times and customer
demands

By adding the component ‘experimental design’ the researcher and the management
found common ground in a systematic approach for ‘what if’ scenarios. It has also been
shown, for example by Marvel (2009), that the simulation model could anticipate the
behavior of the system, thus making it possible to fill the gaps more efficiently (table 6).
In order to increase the confidence in the model it needs to be both verified, that is
determining that a simulation computer program works as intended, and validated, that is
determining whether the conceptual simulation model is an accurate representation of the
system, as described by Law and Kelton (1991) and Agyapong et al. (2009).
These are the questions that the managing director wanted answered before giving a
‘go-ahead’ for the implementation. The managing director could translate the effects into
cash-flow management. Use of the simulation model helped the value stream manager and
the managing director to assess the future state design instead of using a trial and error
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method for improving the production system in a way similar to that described by Yu
(2009) and Gurumurthy and Kodali (2011). This means that there is a need to analyze
quantitative data using experimental design before implementing the yearly value stream
plan and therefore support the framework and the interrelationships between the steps
described in that framework.
The notion of making continuous improvements by looping from the last step back to
the first step in the framework is supported by the literature. This means that the
variability of the system is changed and possibility to discover new, to the new current
state, undiscovered rocks, supported. This means that system variations can be discovered
and incorporated into a new reliable, validated model of the new future state.

Discussion and Conclusion
We have developed and validated the framework for integrating VSM and DES, which
makes it possible to improve the production process performance in industrialized
construction. By the use of a case study, we have tested the use of VSM enhanced with
DES: an improvement of the production process can be verified and thereafter
implemented. This framework gave the manager at a small company the opportunity to
verify outcomes before proceeding with improvement strategies. The analysis shows that it
is reasonable to assume that this integrated framework helped the management to make
decisions based on rich information.
An additional benefit of the integrated framework is that the manager had time to
understand the problem description and the suggested solution. Situations such as random
variability in customer demand are often overlooked when using VSM but are considered in
the validation step of a DES. The presence of expertise also helped the manager to focus
on another way of working. Small businesses tend to think in the short-term, focus on
operations and react in a more intuitive way to situations rather than using analytical
data.
The integrated framework makes it possible to validate VSM solutions analytically
and compare current state designs with future state designs in respect of throughput,
inventory or operational costs. In general, this implies that improvement strategies for
production processes in this sector would benefit from the proposed framework. The
framework needs to be further developed to define interfaces and the interrelationships
between the different framework steps.
Assuming that there is a seasonal variation in customer demand, this simulation
model is valid. Here, a seasonal variation in customer demand means that the demand
from the customer can vary over time, across seasons, but does not have a large variation
over a shorter time unit (month). If this is true, the simulation model should be valid in a
construction setting and therefore it is reasonable to assume that the framework is also
valid in this setting. However, in order to provide a greater generalization, the framework
should be tested using a seasonal variation of customer demand that differs from the
situation for a small supplier in the industrialized construction environment.
The benefit of the suggested framework, which itself is not an analytical model, is
that it integrates the need for consensus building and understanding with the need to
provide analytical data for rational decision-making, using VSM.
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Despite its obvious advantages, the use of DES in the construction industry has mainly
been limited to the academic community. Building and analyzing a DES model is still timeconsuming and needs skilled professionals, the cost of which can be prohibitive to SMEs.
Future research will explore the development of a VSM-oriented simulation template for
use by SMEs that encapsulates the simulation programming code. The reusability and
parameterization of the VSM-oriented simulation template will provide SMEs with the
ability to evaluate quantitatively whether a VSM-based improvement would be possible.
However the time between the actual implementation and the time to build the
model was stretched somewhat, since it was shown that the real world changed due to the
economic recession and different product requirements caused by, for example new
energy regulations. Also, there was a change of factory layout in order handle other
orders, since demand from the house builder was heavily reduced. There is a need to
speed up the process between model conceptualization and model validation.
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ABSTRACT
Industrialized house-building is based on repetitive processes used in the supply,
design, manufacturing and erection of pre-configured houses. Industrialized housebuilding contractors are dependent on many small suppliers and sub-contractors in
their supply chain. These small suppliers, with limited resources and capabilities,
need to be able to develop products and processes in order to deliver future customer
value without wasting development resources on non-viable products. Our question is
whether product development by small and medium-sized (SME) industrialized
house-building suppliers could be supported by parametric Value Stream Mapping.
The objective is to explore a process design framework in which Value stream
Mapping (VSM) is used to identify improvements and to generate product
development suggestions, based on a set of parameters defined as P1, P2..., Pn.
The testing was carried out at a Swedish SME supplier to the industrialized housebuilding sector, using a newly-developed roofing board with an integrated membrane,
with the parameters (P1) customer needs, (P2) waste on construction site and (P3)
construction worker safety. Data were collected using interviews and video-recorded
participant observations on two construction sites.
Findings indicate that VSM cannot describe attributes of a product other than
those associated with production flow. However, parametric VSM helped the case
study company to stop current development and instead suggest valuable product
attributes. The implications are that parametric VSM enhances the application of
VSM. Parametric VSM can be used by SME suppliers as an input to product
development in order to validate product attributes before launch. However, this is
based on a single case study and further research is needed.
KEYWORDS
Value Stream Map, Product Development, Industrialized House-building, Small
Business, Process Design
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INTRODUCTION
The house-building industry in Sweden has been criticized as being inefficient, underdeveloped and corrupt. However, this is a criticism that continues to be leveled at
most house-builders around the world (Josephson and Saukkoriipi 2003).
Industrialized house-building contractors are dependent on many small suppliers
and sub-contractors in their supply chain. These small suppliers, with limited
resources and capabilities, need to be able to develop products and processes in order
to deliver future customer value without wasting development resources on nonviable products (Erikshammar et al., 2013).
Industrialized house-building methods (Koskela and Vrijhoef 2001) that use
prefabrication and modularization (Lennartsson and Björnfot 2012) have been
suggested as one approach to reduce process variation through standardization (Alves
et al. 2006, Höök and Stehn 2008) and product development (Björnfot 2004). Several
methods have been suggested to support industrialization, one of which is value
stream mapping (VSM).
A value stream contains all activities be they value-adding, non-value-adding or
necessary but not always adding value, according to Rother and Shook (1999). When
identifying a value stream, value stream mapping and analysis is suggested (Womack
and Jones 2003). The method is hands-on and helps to create more value with fewer
resources (Rother and Shook 1999). Our question is whether product development by
small and medium-sized (SME) suppliers of industrialized house-building could be
supported by parametric Value Stream Mapping (pVSM).
The objective of this study is to explore a process design framework in which
VSM is used to identify improvements and to generate product development
suggestions based on a set of parameters defined as P1, P2..., Pn. A test of it was
carried out at a Swedish SME industrialized house-building component manufacturer.
VALUE STREAM MAPPING
VSM is described as an iterative method for mapping and analyzing value streams
(Rother and Shook 2003). Its purpose is to quantify and communicate production
process characteristics such as material and information flows as well as non-valueadding activities (Lasa et al. 2008). It is mainly used for process improvements such
as lead time reduction, increasing throughput and reduction of work in progress
(Alvarez et al. 2009). Björnfot et al. (2011) showed from three cases studies (a patiodoor manufacturer, a door manufacturer, and a kitchen cabinet assembly) studies that
VSM can work as a change-agent within industrialized house-building in convincing
all actors of the positive effects of working with continuous improvements. Further is
has been demonstrated by Simonsson et al. (2012) that VSM can be used by on-site
practitioners to see the day-to-day flow of work, to understand the effect of straightforward improvements to workflow, and to see the effect of applying industrialized
working methods.
VSM consists of the elements “mapping the current state gap”, the “future state
design” and a “yearly value stream plan”. The current state gap presents a visual
representation of the value-adding and non-value-adding activities in a process. The
future state design is a value stream where the identified problems of the current state
have been remedied. The yearly value stream plan forms the implementation plan,
which closes the gap between the current and the future state, as well as determining
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the schedule of necessary changes needed to improve the production process as
defined by the future state design (Rother and Shook 2003).
A PARAMETRIC VALUE STREAM MAPPING FRAMEWORK
Product development with parametric design shows that there are several parameters
to take into account when developing a new product or modifying a pre-existing
product. Each parameter is corresponding to a customer value, which is an important
transformation discussed by Erikshammar et al. (2010) were all actors in a housebuilding project will value different parameters. Value can also be other parameters
than cost, time and quality as discussed by Salvatierra-Garrido et al (2009). The value
can be even extended to a wider perspective in which the return of value from the
construction industry to society as whole (Pasquire and Salvatierra-Garrido 2011).
The design of the production and supply chain processes could be supported by VSM.
This approach may be especially important for SMEs that have limited resources and
where implementation of unsuitable solutions can be detrimental to the company.
The proposed process design framework (Figure 1), based on the literature review,
presents a systematic description of how SMEs may use the approach to reduce the
risks when developing new products. The objective is to generate a customer-unique
product development proposal which improves the product using a defined set of
parameters (P1, P2..., Pn).

Figure 1: Process design framework based on (Rother and Shook 2003)
The initial step is the selection of the product or product family to be developed.
When selecting the product, the customer’s requirements are also captured. Important
questions to answer are “who are our clients?” and “whom do we create value for?”.
After choosing the customer or customer groups, a suitable method for collecting
customer requirements is selected. Interviews are a good way of collecting qualitative
data from a range of roles such as those responsible for purchasing or the product
itself as well as team leaders and operations staff at the construction site.
The following step is to map the current state by describing customer
requirements and the value flow on the construction site. In order to be able to
process data after site visits, video-recording is recommended for capturing on-site
observations. After the identification of gaps and analysis of the current value stream,
the flow is divided into a yearly value stream plan and an evaluation of the selected
parameters for the product. Data can be collected through observations, interviews,
workshops or archival documentation. Analysis is needed to examine the fulfillment
of goals in respect of the parameters P1, P2..., Pn. The analysis concludes with product
development suggestions.
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CASE STUDY
The supply chain for industrialized house-building companies in Sweden is made up
of many small companies that have fewer than 250 employees and a turnover below €
50 million. To validate the proposed process design framework, a qualitative case
study of a construction component manufacturer was chosen, because of the
company’s position within the industrialized house-building supply chain. The case
study company produces components such as tongue boards, façade panels, pre-cut
beams and other components for industrialized builders of detached family houses.
The data collected in relation to the proposed framework are shown in Table 1.
VSM is difficult when following a house-building project that occurs only once
and where the process is not repetitive. Back-tracking of the process flow from
finished product to goods received is not possible, so a method had to be developed.
The two products were video-recorded on two different sites. The video-recording
was then played back and the researchers made notes on value-adding and non-valueadding activities. The interpretation of value-adding and non-value-adding activities
could then be verified by the on-site construction team.
Table 1: Data Collection Methods
Data Collection
Method

Details

Purpose

Interviews

Six (6) recorded, transcribed
interviews with three persons with
purchasing roles, and three
persons from on-site production

Create understanding of
customer values and compare
with participant observations

Participant
observations

Two (2) on-site video-recorded
participant observations i.e. on
each product (Product A and
Product B)

Isolate non-value-adding
activities from value-adding
activities, based on interviews

SELECTED PRODUCTS
Two products were selected for testing the method. Product A is a mature product,
chosen in order to validate known issues with the product and see if they are picked
up using this method. Product B is a new product to test with the developed
framework.
Product A: Roofing with tongue board
This product is manufactured by using tongued panels, glued and pressed together
into a board of a standardized format and then fastened with nails. The usual
measurements are either 3600 x 540 mm or 2400 x 540 mm. One board weighs about
23 kg, depending on the type of wood (spruce or pine) and the moisture content in
wood. On the construction site, the boards are attached to the trusses (Figure 2) with
nails or screws on each panel. When the whole roof is finished with the boards, a
membrane is rolled out. The membrane is about 1000 mm in width and overlaps
adjacent membranes by 150 – 200 mm in order to create a waterproof layer. After that,
an outer roofing material, such as roof tiles, is fitted.
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Product B: Roofing with tongue board with an integrated membrane
The case company had, together with a membrane supplier, developed tongue
board with a waterproof membrane applied to it at an off-site production facility. This
way it would not be necessary to attach the membrane on-site. The assembly
activities on-site only differ in the actual membrane assembly. The boards are
fastened in a similar way, but the construction worker has to lift the membrane before
attaching the board to the truss. Product B has the same dimensions as product A,
which means that a 3600 x 540 mm board weighs 24.6 kg, depending on wood type
and moisture content in wood.

Figure 2: Tongue board. Printed with permission of Winter AB
Horizontally, the construction is waterproofed by 100 mm of membrane
overlapping the next board (Figure 3).Vertically, there is a seam and no overlapping
membrane, but it is waterproofed by lifting up the membrane and adding a 250 mm
strip (top-down). The strip has glue on its upper side, with a paper-cover that is
removed, after the strip has been attached on the seam. The membrane is then put
back on the strip, covering the seam (Figure 4).

Figure 3: Tongue board
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In this study, the parameters selected were: (P1) customer needs, (P2) waste on
construction site and (P3) worker safety during construction. Customer needs are
analyzed to find to what extent customer needs are fulfilled. Depending on the level
of fulfillment, it can generate product improvements. It is also important to evaluate
whether the future value stream can deliver these needs. Waste on construction site
focuses on what activities are performed at the construction site, whether they are
value-adding or non-value-adding and what behaviors are generated by current
product parameters. By analyzing process time, method and quality defects, an idea
of the process and product attributes can be formed. Worker safety is the third
parameter, analyzing the behavior and what possible risks the product might generate.
This parameter can help in the development of more safety-oriented products.

Figure 4: On-site assembly of product B
CASE FINDINGS
This section describes the research findings from the interviews and the participant
observations. The participant observations are transformed into a VSM.
INTERVIEWS
The findings from interviews are summarized in Table 2. Other findings include the
fact that customers are currently using product A because they think it is more stable
than competitors’ products. People from on-site production that had used the product
previously stated that “it is faster than assembly of tongue panels”. People from onsite production that had not used the product were less positive towards the product.
The value parameters are that respondents wish to reduce further the on-site assembly
time and to reduce the risk of on-site accidents.
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Table 2: Summary of the customer needs based on interviews: respondents A – C are
people with purchasing roles; respondents D – F are people from on-site production
Value parameter

From respondent

1. Board should be adopted to truss interval

A

2.The board should stabilize the construction

A,B

3.Construction workers should be able to walk on the
board after assembly

A, B

4.Assembly time should be reduced on-site

A, B, C, D, E, F

5.The boards must have a good fit (board to board
connection)
6. Better quality wood to visible parts

F
A,B

7. Visual numbering on boards to simply assembly
8. Boards should individually adjusted to the project, not
standard dimensions

B
A, B, C, F

9. Make larger boards that can be lifted with a crane

B

10. Project based packaging from factory (i.e. number of
boards)

C

11. Reduce time on roof to minimize risk exposure
12. Reduce Weight

A, B
A

VALUE STREAM MAP
A VSM is visualized as described by Rother and Shook (1999). The observations are
divided into observation 1 (product A) and observation 2 (product B). Observation 1
was made on-site, at a single family house (Figure 4) with two dormer windows, a
roof sloped 34 degrees, 127 m2 area and 1200 mm between trusses.

Figure 5: Observation object 1 and object 2
Observation 2 was made on-site, at a single family house with a garage (Figure 5).
The house has a mansard roof, with dormer windows, (63° gradient, 179 m2, 27°
gradient, 126 m2) and 1200 mm and 768 mm between trusses. The garage has a
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saddle roof with a roof slope of 27 degrees, 52.5 m2 area, and 1200 mm or 900 mm
between trusses.
The value stream map (Figure 6) shows that the house-building company gives
the case study company an annual forecast of the total number of houses and a
detailed report with a rolling 3 month horizon of the actual number of products sold.

Figure 6: VSM
The house-building company makes a call-off, every week, which is delivered
from the case company to the house-building central warehouse. The house-building
company has a team that carries out project-specific picking, packing and deliveries
to their construction site. On the construction site, the roofing process is either with
(A) or without (B) membrane assembly. Cycle time (C/T) was calculated based on the
total assembly time divided by the number of square meters covered so that both
observations could be meaningfully compared. A summary of the value-adding and
non-value-adding times is given in Table 3.
Table 3: Summary of activity type time and proportion of total time
Activity type

Product A

Product A

Product B

Product B

Total time
(min/m2)

(%)

Total time
(min/m2)

(%)

Value-adding time

0.69

18

1.04

28

Waiting

1.22

32

1.17

31

Moving

0.57

15

0.37

10

Movements

0.66

17

0.52

14

Re-work

0.53

14

0.39

10

Planning

0.16

4

0.25

7

3.84

100

3.74

100

Total
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The observations revealed that there was a distinct learning curve for product B
assembly, which caused a delay because none of the workers had worked with that
type of product before. Another observation was that there were some quality issues
with the delivery from the factory (membrane attached the wrong way on the tongue
board and damage from transport) but also damages caused by handling on the
construction site.
ANALYZING THE FRAMEWORK
Table 2 shows that customer needs dictate that the board should be easy to assembly
and that it should stabilize the construction. The analysis also shows that fulfillment
of customer needs 8 and 9 would also satisfy customer needs 1, 7, 10, 11 and 12.
Hence, project-specific configuration of boards might meet all those requirements,
although none of the respondents commented on this.
Waste on the construction site can be analyzed from the perspectives of valueadding and waste. Value-adding time is increased with the integrated membrane
compared to assembly of the membrane at the construction site. In this study, waste,
in the form of waiting time, is often caused by waiting for material or tools, or the
construction workers waiting for each other. Material handling and unnecessary
movements are other types of waste that can be reduced using product B. However,
both products required unnecessary movement on the construction site, related to the
movement and adjustment of the boards. Another observation was that product
quality defects in the boards generated a lot of unnecessary movement and handling.
Worker safety is increased by the reduction of time on the roof, and thereby the
risk of accidental falling, with product B. However, the increased weight of the
integrated membrane (product B) increases the risk of strain injury.
If we were to analyze the VSM results alone, the conclusion might be that product
B is a solution to the on-site requirements, but applying more value parameters to the
analysis (customer needs, worker safety) makes the choice of product B as a solution
less obvious. Since the small change in time per square meter cannot satisfy the other
parameters (P1 and P3), the product is probably not a viable solution for single family
houses. The case company also came to this conclusion and stopped further
marketing of product B until these other parameters had been thoroughly investigated.
DISCUSSION AND CONCLUSION
We have developed and tested a framework for integrating VSM with the evaluation
of other parametric values, which makes it possible to improve the production and the
product development process performance in industrialized house-building. By the
use of a case study, we tested the use of parametric VSM: the case company stopped
selling product B until further investigations had been carried out. This framework
gave the manager at a small company the opportunity to verify product parameters
before proceeding with further production process development and marketing of
product B. An additional benefit of the integrated framework is that the manager had
time to understand the problem description and the suggested solution from a
customer perspective.
The position taken is that VSM can be enhanced to support product development
(Figure 1) by analyzing the relationship between the production process, product
attributes and a number of defined parameters (P1, P2..., Pn). Customer requirements
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should always be P1, but the others, P2..., Pn, can be decided on by the investigator.
However, the results do not conclusively prove or disprove this position and are based
on a single case study.
The framework makes it possible to validate VSM solutions towards product
parameters and compare current state designs with future state designs in respect of
production efficiency. The framework needs to be further developed to define
interfaces and the interrelationships between the different framework steps.
Our framework also made use of a method of collecting data for VSM for a
project-unique product: video-recording. The video-recording helped us to categorize
data, but also to verify findings with workers, which would not have been possible
through discussions and field notes alone.
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APPENDICES

Appendix 1:
- Interview questions – Pre-study and study 1
- Interview questions – study 2
- Interview questions – study 3
- Interview questions – study 4
The questions are translated from Swedish. The original interview questions in Swedish can be
obtained from the author on request.
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Interview questions – Pre-study
Data published in licentiate study and paper I. Interviewed respondents for the study are 3
Purchasing managers at construction companies, 1 supplier managing director, 3 supplier
production manager, 1 sub-contractor managing director, 1 architect. No names or related
citations are published without respondent’s agreement.
General
1. What position do you have and in what way do it affect or is affected by the
procurement and the requirements from the supplier or the sub-contractor?
Here is a definition on supplier and sub-contractor is offered to the respondent. A supplier is an
organization who deliveries material such as windows, windows or houses often within the
contractual agreement ABM. The sub-contractor works on the construction site and offers a
service often within the contractual agreements ABT or ABT-U.
2. What kind of houses (precut, element or modules) have you been in contact
with from a house-builder supplier?
Tender
3. Can you, from picture of the bidding process and contract negotiation tell
how it's done at your organization?
4. Are there parts in the bidding process that does not work well or do not feel
efficient?
5. What improvements do you think your suppliers would have to do in this
process?
a. Why
6. What outspoken requirements do you have for your suppliers of house?
The list is used to verify and/or stimulate
x Appearance at tender formalities
x Media (paper, e-mail)
x Treatment ( e.g. response times )
x Service ( for example, knowledge of product )
x Houses (e.g. technical specification, AMA, BBR , etc.)
Appendix 1
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x Price (fixed price , index , square meters)
x Quality (AMA, in addition to the AMA? )
x Delivery precision (week , day, hour )
x Other?
x Unspoken?
7. How do you find suppliers qualify for the offer?
b. Justify
Production
8. Can you, from the picture of the production process tell how it's done at
your organization?
9. What do you feel is less effective or ineffective in the production, planning
and delivery phases
10.What improvements do you think your suppliers would need to do in this
process?
11.What is valuable to you in your everyday work regarding the production
phase?
12.What are the formal requirements set on the supplier?
The list is used to verify and/or stimulate
x Treatment (e.g. availability)
x Service (for example, knowledge of product)
x Invoice (time, etc.)
x Quality (AMA, in addition to the AMA?)
x Delivery precision (week, day, hour)
x unspoken
13.How do you find suppliers meet the requirements?
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14.How do you find the information you receive from the supplier during this
phase about change orders and other changes?
Conclusion
15.What contact do you have with the supplier after the delivery?
16.How to follow your organization follow-up the requirements during
warranty time?
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Interview questions – Study 2
Interviewed respondents for the study are 2 owners, managing director, marketing
manager, 2 sales representatives, and perception. No names or related citations are
published without respondent’s agreement.
Open ended questions
1. Tell me briefly about your position and related work at the Sawmill
2. Tell me how you see that the sawmill has developed from the time you have
been working here.
x Use the business model canvas to reflect on important issues
3. What does the new strategy mean to you?
x Show picture
4. How do you think the new strategy affect the sawmill?
5. How do you think the change should proceed?
6. What does product and process mean for the sawmill?
7. What is the value the sawmill contribute to their customers?
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Interview questions – Study 3
Interviewed respondents for the study are the managing director, the sales manager,
the production manager, the sales representative, and the supply chain planner
perceptions. No names or related citations are published without respondent’s
agreement.
Open ended questions
1. Tell me briefly about your position and related work at the Sawmill
2. Describe how the S&OP process works and differences to the old planning
methods
3. How is the objective with the changed planning process implemented?
4. How has the S&OP improve the production and sales processes?
5. How has the S&OP improve the planning processes?
6. How has the S&OP improve the forecast process?
7. How can the S&OP support the new strategy?
8. How could the S&OP process be improved?
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Interview questions – Study 4
Interviewed respondents for the study are the managing director, the sales manager,
the production manager. No names or related citations are published without
respondent’s agreement.
Open ended questions
1. Tell me briefly about your position and related work at the company
2. What is your overall impression of the method (value stream mapping) while
weighing in implementation, content and balance?
3. Was there something during the workshop you particularly appreciated?
4. Is there anything during implementation you thought you should have done
differently?
5. Proposals for changes in general or other comments?
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