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1.11 LCA and LCC
Although originally within the scope of C25 Life Cycle Costing, LCC, has been given less attention compared to the other fields of Life Cycle Assessment. The reason for this is partly because the Life Cycle Cost of building construction is probably the least controversial topic in
Life Cycle Assessment. Furthermore it is clear that all assessments can use the same monetary
unit and are easy to aggregate. Also it is a field in which much developed expertise and many
more economical focused solutions can be found. In relation to Life Cycle Assessment however
it is interesting that also ecological approaches try to perform ecological LCA‟s in which the
impacts are monetarised. For an example of this methodology: Greencalc+ is referred to chapter 3. However looked at the sustainability problems from the angle of prosperity there still
seems a huge field for possible research left, sometimes closely related to the sociological
themes. This however lies beyond the scope of the technical viewpoint of this action and is
more closely related to political choices that need to be made. Just as an As an example and illustration fig 1.7 and fig. 1.8.give an impression of the relationship between prosperity and sustainability. Depending for example on the level of development in a country other weights
and/or focus points in national choices between People, Planet and Prosperity can be made.

Figure 1.7 Ecological Footprint and bio-capacity by region (2003) (WWF, 2006)

Figure 1.8: Footprint by national average per person income (1960-2003) (WWF, 2006)
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1.12 Selection of Building Assessment Tool
1.12.1 Sustainability
Building assessment tools often claim that they measure sustainability. This concept is normally described as being based on three pillars; environmental, social and economic sustainability which interacts (Figure 1.9b). These tools generally cover indoor environment, which
deals with providing healthy and comfortable indoor living conditions and may thus be regarded as a part of the social sustainability. Economic sustainability has early been defined on
the societal level as an economy "in equilibrium with basic ecological support systems."
(Stivers1976). This perspective brings the economic sustainability back to the ecological one.
The simplest interpretation of economic sustainability regarding individual buildings may refer
to affordability of buildings. Sometime individual tool indicators are based on cost criteria but
this is hardly enough for evaluating economic sustainability. The relation between buildings
and the environmental sustainability is clearer since buildings consume physical resources,
creates emissions directly or indirectly and have an impact on biodiversity locally but to some
extent also on a larger scale via resource extraction and emissions.
Long-term environmental sustainability can be looked at as a precondition for the wider sustainability of a society (Figure 1.9b). When suggesting a framework for comparing building assessment tools below, it is mainly the methods for assessment of environmental impacts that are
compared.

Figure 1.9. a) A common way to show the interrelationships between environmental, social and economic
sustainability. b) It is also possible to regard environmental sustainability as a precondition for the other
sustainabilities.

1.12.2 Types of tools
When comparing assessment tools for buildings, it might be fruitful to distinguish between
tools for environmental analysis and tools for environmental rating. An analysis tool can be
more elaborate and suitable for professionals and educational purposes, while a rating tool
should be easier to understand and suitable for market communication. An analysis tool must be
strong in the area of calculating environmental impact, while the rating tool needs to focus
more on the assessment processes and relate to current building manners.
1.12.3 Tool comparison
There are a number of building environmental/sustainability tools available throughout the
world. However, even those which claim to assess the same thing are normally very different.
Since there is no standard or agreement about tool structure and content, there are endless different possibilities for designing an assessment tool.
It is often possible to use a national tool or tools which are internationally marketed, such as
LEED (US), Breeam (UK) or Green Star (AUS). These methods have the advantage of being
well known and to some extent facilitate international comparison. On the other hand, they may
be poorly adapted to national climate, building techniques and building regulations in comparison with national tools.
There are many aspects to consider when selecting a tool. These include:
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Marketing value
Suitability for different types of buildings
Ability to compare environmental performance
Environmental relevance of a label
Suitability for environmental management at design and operation phases
Issues assessed
Cost of assessment
It is very difficult to compare tools, since they can be fundamentally different. Many attempts at comparisons have been made over the past decade, for instance by Cole (1999), Reijnders and van Roekel (1999), Todd et al. (2001), Finnveden and Moberg (2005), Cole (2006),
Fowler and Rauch (2006), AIA (2008), Ding (2008), Happio and Viitaniemi (2008) and Myhr
(2008). Such comparisons have either primarily focused on general aspects or have made a
closer analysis of one tool at a time. Another reason for the difficulty of comparison might be
that building environmental assessment methods have generally been developed „in a way that
is different from the normal scientific approach‟ (Zhenhong et al., 2006).
1.12.4 Tool content
It is generally possible to organise the majority of the content of a tool under the following
headings:
Energy use and pollution
Material and waste
Indoor environment
Water use (potable and rain)
Site and ecology
Environmental management
Environmental assessment mainly deals with prevention of negative environmental impacts
caused by buildings, i.e. avoiding environmental problems. The headlines above say nothing
about the impacts addressed, how prevention is rewarded, how rating is carried out, etc. For this
reason, these six sub-divisions are not very suitable for comparisons.
1.12.5 A framework for comparison
A systematic basis for comparison could be based on the aspects presented in Table 1.7.
Table 1.7. Aspects used for comparison of environmental assessment in different tools. Social aspects and
economic aspects on a societal level are not included here
Question
Evaluation aspect
Examples
The object
Building materials, building, site, district,…
Environmental impacts
Indoor, local, global
What is assessed?
Extraction, manufacturing, transports, use,
Life cycle elements
end of life.
Type of indicators
Performance, procedures, features
Measurement
Validity, accuracy, repeatability
How is it assessed?
Criteria
Levels, challenge,…
Aggregation
Points, weights, priorities,..
Consultants
Certification, complexity of computation,..
Cost of assessment
Fees
Initial, extra, final
Support tools
Computer programs, manuals, etc.

These aspects reflect the possible variation of tools. Full analysis of a tool to determine all its
characteristics based on these aspects might be quite a task. However, a simple overview with
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reference to the aspects listed might provide valuable insights when selecting tools. Therefore
the possible evaluation aspects are considered one by one below.
1.12.6 Assessment content
1.12.6.1 The object
This aspect deals with the spatial borders chosen for the assessed object. It ranges from building materials, building elements, installations and buildings to site and neighbourhood. Some
tools only assess the building, but most also include some parts of the surrounding area. It is
also important to note whether an aggregated rating can be obtained on different levels.
If the main purpose of the assessment is to select structure and building materials, there is no
need to use tools that cover buildings and sites unless it is possible to use just an appropriate
part of a wider tool. In many cases choice of site is not an option or very restricted, or a given
site is of very little ecological value. A number of location issues are then of less interest in assessment.
In general, the more issues assessed, the more costly the building rating.
When comparing tools, check:
whether the objects assessed coincide with the your requirements;
the number of issues assessed that are not relevant for you.
1.12.6.2 Environmental impacts
Environmental impacts refer to the impacts on man, nature and depletion of natural resources.
Impacts from human activities can occur on three different levels: indoor, local and global.
These impacts can be further subdivided as shown in Table 1.8.
Table 1.8. Examples of commonly used impact categories
Global

Local

Indoor

Climate change

Land use

Thermal comfort

Ozone depletion

Biodiversity

Indoor air quality

Acidification

Local climate

Noise

Eutrophication

Pollution (dust, NOx,..)

Photochemical oxidants

Noise

Toxicity

Tapwater use

Electric environment

Ionising radiation

Rain water use

Hazardous substances

Natural resource depletion, energy

Material recycling

Natural resource depletion, other

Nutrient recycling

Daylight
Allergy, SBS (emissions)

Light pollution

In addition to basic impacts, tools often cover aspects linked to environmental impact but not
directly measuring the impact, for example management issues, cost, etc. These additional issues assessed should be compared under how things are measured.
When comparing methods check:
the extent to which different impacts are addressed directly or indirectly
whether the impacts agree with what is perceived as most important
1.12.6.3 Building life cycle
This aspect deals with the temporal steps involved, from natural resource extraction, via materials manufacturing and building operation, to demolition and handling of waste. The physical
life cycle of a building is illustrated in Figure 1.10.
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Figure 1.10. The physical life cycle stages of a building product where the primary function is the use
stage.

A building has a number of life cycle stages and the building process has several life cycle
phases, including project development, design and construction. The assessment tools primarily
deal with procedures in the preliminary design, detailed design, construction and property management phases.
The impacts from material production are usually distributed over the whole lifetime of the
building. Therefore the life expectancy of the materials and the building becomes important.
The relative significance of the operational phase declines with decreased life span of the building.
When comparing tools check:
the life cycle stages included;
whether any service lifetimes are considered.
1.12.7 Assessment method
1.12.7.1 Type of indicators
Tools can support actions, items or performance. Most tools include a mixture, which creates
problems in understanding the meaning of an aggregated result, so it might be better to aggregate them separately. Another possibility is to make certain actions or features mandatory for
obtaining a label.
Procedure issues are actions intended to improve environmental performance, such as environmental management (ISO, 14001), commissioning of ventilation systems or use of an accredited assessor. Procedures in general may be denoted as preventive indicators (Malmqvist,
2008).
Procedure issues are used for new buildings because real performance cannot be assessed or
estimated by calculations. The results of precautionary procedures carried out at the design
stage have to be validated when the building is erected and used.
Feature issues means that specific technical solutions or equipment are demanded, e.g. labelled white goods, a heat exchanger or solar panels, but without calculating or measuring the
improvement in performance. Features are easy to assess and sometimes preferred for that reason.
Performance issues directly measure a property of the assessed object, e.g. energy demand or
CO2 emissions from operation. The evaluation generally includes calculations or measurements,
which often are less transparent for clients than procedures and features, especially when computer calculations are involved.
Most tools have their main focus on performance. Supporting features and perhaps also procedures in some instances may hamper development and innovation, since certain solutions are
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already rewarded. In this respect functional performance indicators are superior. Feature issues
are often less environmentally relevant since they do not recognise the size of the benefit.
When comparing tools check:
the distribution of performance, procedure and feature indicators;
whether the indicator types coincide with the purpose – comparing performance, management, etc.
1.12.7.2 Measurement
Environmental problems can seldom be easily measured directly, so a tool designer has to look
for simplifications as indirect measures. Choosing robust and reliable measurements is a compromise between theoretical and practical demands for a tool designer (Table 1.9).
Table 1.9. Aspects to consider when choosing indicators for environmental assessment of buildings
(Malmqvist and Glaumann, 2006)
Theoretical

Practical

Validity

To what extent is the aim/impact measured?

Accuracy

How accurately is the aim/impact measured?

Repeatability

Does a new measurement give the same result?

Influence

To what extent can the building proprietor influence the indicator?

Intelligibility

How easy is it to communicate the indicator?

Cost

How costly is it to collect data and calculate the indicator?

To understand the significance of an indicator, its aim has to be clarified. To what extent
does it reward a reduction in any basic environmental problem? Take for instance rewarding labelled white-wares. The aim is obviously to reward reduced electricity use, but does the indicator measure the extent to which the actual choice reduces the use of electricity and determine
the problem with using electricity? The latter depends on how electricity is produced. If fossil
fuels are involved, electricity generation contributes to climate change, while if nuclear power
is involved there is an additional risk and hazardous waste production. The electricity used for
white goods also needs to represent a substantial proportion of the total contribution to climate
change in order to be an important indicator.
Direct measurements are preferable. Procedures are always indirect measures, since the outcome is not guaranteed. Features are also indirect measures since the size of improvement is not
estimated. However, performance measures can also be indirect. The distribution of direct and
indirect measures says something about the robustness and credibility of a tool.
When comparing tools:
make a screening (poor, fair, good) of the indicators of a tool with reference to the aspects
in Table 1.9;
reflect about measurement qualities with reference to the screening.
1.12.7.3 Criteria
For each indicator there are criteria for the rating. Sometimes the increments in the criteria
scale vary. It can often be relatively more difficult to make improvements to an already very
good building than to a relatively poor building. This is a reason for some tools to have smaller
increments for achieving higher rating at the top of the scale.
It should be challenging to achieve a good rating. If it is too easy, this means that a very good
building can receive the same label as a comparatively poorer building and therefore the owner
of the good building does not get rewarded for the extra effort. On the other hand, if it is very
difficult to achieve a good rating, it might be too costly to reach the target level.
When comparing tools check:
The approximate total cost for assessment with alternative tools
Investigate the total assessment cost for similar projects
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Assess what is gained relative to the total cost for different tools.
To produce conclusive results and an environmental label, aggregation of individual scores is
necessary. The way this aggregation is performed has a crucial impact on the rating and the
possibility to compare different labelled buildings with reference to environmental impact.
A way to compensate for varying significance between assessed issues is by varying the
number of scores that can be obtained for an issue. This indirectly means a weighting. A good
result for an issue where four points are available will contribute twice as much to the final result as an issue where only two points are available. Another way to compensate for variations
in significance is to assign different weights to issues and/or categories.
Aggregation of scores by addition, multiplication or both is simple. Tradable scores represent
an obvious risk that a high rated building can have serious drawbacks which have been compensated for by high scores in other areas. To some extent this can be prevented by legislation.
The possibility of achieving additional scores for innovative design or other areas plays the
same role, i.e. it reduces the need for good scores on the original issues. Having extra scores
available also distorts the meaning of a label.
Weights for issues or categories can be based for instance on opinions, cost or damage. Opinions can be obtained from environmental experts, professionals or laymen, and the weighting
figures can be calculated from many answers, for instance as mean values or consensus values
reached through a discussion process. Weights can be avoided, for example by priority principles, i.e. the final rating is set relative to the number of poor or good scores. For example, various multicriteria decision-making tools are used in life cycle assessment (Wang et al., 2010).
Indicators are originally measured in different units, which prevents aggregation. If assessment results are turned into points, this simplifies aggregation since all results have the same
units. One drawback is that tuning of indicators is not possible, because the step between one
and two points is large. An alternative to using points is to normalise, i.e. divide by a reference
value with the same units, which makes all results dimensionless. Comparisons are meaningless
if the basis for normalisation differs.
When comparing tools check:
Number of weighting levels – the fewer there are, the more understandable the results;
Weights and the basis used for them – damage-based weights are less subjective than
opinion-based;
The aggregation system – preference systems are superior to weighting;
The basis for allocation of points to different indicators – science-based are preferable;
If additional points are available – comparison is distorted;
If points are tradable – comparison is distorted;
If normalisation is used, what are the references – the same basis is needed for comparisons.
1.12.8 Costs
1.12.8.1 Consultancy costs
Some rating systems demand that a certified consultant be involved in the application process.
In such cases, contact a certified assessor and ask for an approximate cost for some objects of
different sizes. Extra points are sometimes awarded if a certified assessor participates in the design team. If so, investigate the cost of such participation.
1.12.8.2 Fees
Certification is associated with a fee that usually is related to the size of the building. It may be
split into an application fee and a certification fee. These fees normally include a certain time
for questions, clarifications, etc. Outside this time, a consultation cost is charged. Check any
additional costs that might arise.
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1.12.8.3 Additional requirements
In some cases, an assessment in reality demands that certain books, manuals or computer tools
have to be bought. Check the cost of additional facilities.
When comparing methods:
Check the total assessment cost for some projects;
Assess what is gained relative to the total cost for different tools.
1.12.9 Conclusions
Tools for environmental assessment of buildings have expanded greatly during recent years,
both in number and complexity. Within a country, national and international tools are often
available, sometimes claiming that they measure the same thing, i.e. the sustainability of a
building.
Although they may look similar at first glance, tools are generally very different. This is because there are so many options for a tool designer to choose regarding what should be assessed, how to assess it and how to measure and aggregate results. Standardisation efforts are
underway through SB-Alliance and the CEN/TC 350 and ISO TC 59 SC 17 groups. However,
in view of the great differences between the existing tools that are in use today, greater harmonisation seems quite far away.
There are also good reasons for tools being different. They may be directed at different target
groups and to some extent they have to adapt to different prior conditions in different countries,
such as climate, building codes, building traditions, building techniques, etc.
Because of all these differences, it is very difficult to compare tools and really understand
their individual characteristics, qualities and shortcomings. This also means that the different
meanings of labels produced using different tools with reference to environmental impact are
difficult to grasp.
A framework of aspects that are relevant to consider when comparing or selecting tools is
provided in this paper. It can be used for screening purposes or deeper analysis. The required
information regarding an evaluation aspect is sometimes difficult to locate in available manuals
and on websites which must be regarded as a drawback for that tool.
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Chapter 2 - European Union as a Framework for the Sustainable
Construction
Coordinator: Heli Koukkari
Contributor: Heli Koukkari

2.1 GENERAL
Sustainable development is a fundamental objective of the European Union. It is pursued with
two complementary strategies. The Strategy for Growth and Jobs was formulated by the European Council in Lisbon in March 2000. The Sustainable Development Strategy adds the environmental dimension to it (EU 2009g).
The materialization of the sustainable development strategy is monitored by the statistical
office EuroStat of the European Union through a hierarchical system of macro-economic indicators. Several indicators in the system are connected to the built environment. The evaluation
of changes is usually made with reference to 2000 as the base year. EuroStat publishes a monitoring report ”Measuring progress towards a more sustainable Europe” every second year (EuroStat 2009).
The strategies are complemented with several strategies and policy programmes; thematic
strategies and initiatives and action plans. All these are implemented through policy mechanisms and legislation as well as various R&D programmes. Several Leading Policy Documents
aim at raising political profile of energy and environmental technologies from the short to the
long term. Plenty of them are dealing with the construction sector or the built environment.
Forecasting regulatory changes benefits from knowledge on Green Papers, White Papers and
other communications of the Commission because they often precede preparation of new legislation or modifying the existing one. The number of directives has increased rapidly in recent
years that directly or indirectly influence on the construction sector. This evolution is mainly
taking place due to eco-efficiency and sustainability objectives.
One of the first EU documents dealing with competitiveness of the construction sector emphasized its role in environmental objectives concerning use of resources and energy, increasing re-use and recycling, and final disposal of waste (EU 1997). In 2001, an Agenda for Sustainable Construction was published as a report of a working group that had representatives of
the Commission, Member States and Industry (EU 2001). It can be foreseen that the new
“Europe 2020 Strategy for smart, sustainable and inclusive growth” launched in 2010 will have
the sustainable construction as one of its main implementation mechanisms (EU 2010a,
EU2010d).
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2.2 POLICY FRAMEWORK: INITIATIVES AND ACTION PLANS
2.2.1

Introduction

There are several leading policy documents related to the sustainable construction. Especially
energy-efficiency and resource-efficiency in the construction sector are frequently presented as
priority issues for the strategic EU objectives. The documents of importance are as follows:
- Lead Market Initiative for sustainable construction
- Sixth Environmental Action Programme (EAP)
- The European Climate Change Programme (ECCP)
- Environmental Technologies Action Plan (ETAP)
- Action Plan for Energy Efficiency (incl. buildings)
- Sustainable Consumption and Production and Sustainable Industrial Policy (SCP/SIP) Action Plan
- Strategic Energy Technology Plan (SET).
Each Policy Document launches a variety of implementation activities and actions. They present usually cross-references, and also argue to complement the documents published earlier.
One of the most influential documents whose objectives have been evolved and merged to new
strategies is the Integrated Product Policy IPP. Also the objectives of the European Environment and Health Strategy related to the built environment are introduced in other strategies.
2.2.2

Lead Market Initiative

The sustainable construction is one of the six important market sectors of the Lead Market
Initiative of the Commission (EU 2007d). The Initiative aims at boosting market penetration of
new products and services through policy instruments.
The background report ”Accelerating the Development of the Sustainable Construction Market in Europe” says that ”there is an urgent need for a radical transformation of the construction
sector” (EU 2007c). Further it states that “the EU legislation in the areas of energy, environment, internal market and health needs to be developed with a view of setting a more coherent
and progressive framework towards sustainable construction”. This refers e.g. to the environmental characterisation and declaration of secondary materials and to the assessment of the environmental performance of buildings. The background document also states that the concept of
sustainable construction should more largely refer to a balanced economical, ecological and social approach instead of focusing to environmental performance alone.
For the sustainable construction, the supportive policy instruments comprise
- Regulatory aspects, in particular Construction Products Directive and Energy Performance of Buildings Directive;
- Standardisation aspects, needs to speed up the work;
- Public Procurement (green and sustainable);
- Systemic policies;
- Market based instruments.
The Lead Market involves environmental concerns (e.g. efficient electrical appliances and
heating installations), users’ health aspects (e.g. in-door air quality) and issues of convenience
(e.g. related to elderly persons’ independence). It covers both residential and non-residential
buildings as well as infrastructure assets.
In the preparation of the Initiative, the Taskforce collected and reported its views. Its report
c
regards the following changes as necessary for innovative solutions (2007 ):
- Industrialization
- Collaborative working in project implementation
- Life-cycle expertise
- New service models.
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2.2.3

Action Plan for sustainable construction

The Action Plan for sustainable construction describes implementation of the Lead Market Initiative “in the field of Sustainable construction: towards an integrated life-cycle oriented
approach” (EU 2007e). It concerns legislation, public procurement, standardization, labelling
and certification. It is published in a very compact way describing shortly objectives of each
policy instrument with true actions to be taken. The summary of planned Actions is as follows:
- Screening of national building regulations to identify domains in which to integrate a
performance-based approach, based on individual reports from each Member State
- Taking advantage of the 2008 review of the Energy Building Performance Directive to
extend its applicability and inclusion of Union wide performance targets and evolving
standards for new construction
- Industrial leader panel to carry out case studies on construction companies and related
industries/services.
- Promoting networking between public procurers and construction practitioners to develop guidance and relevant pilot schemes.
- Define a framework, assessment method and benchmarks for assessing the sustainability performance of buildings and of the construction value chains.
- Expand the scope of Eurocodes in order to integrate other sustainability aspects in construction design, such as energy and environmental aspects.
- Adopt the Construction Products Regulation, providing for better procedures to obtain
European Technical Approvals and for better recognition in Member States for sustainability issues.
- Publish a guide on how to establish collaborative working schemes in construction projects, general provision of contractual, management and insurance rules as well as good
practice for SMEs
- Dissemination guidance to public and private investors, contractors and other market
operators
- Analysis of the national liability and insurance regimes and assessment of the feasibility for the insurance sector to promote alternative warranty/labelling schemes
- Proposing scenarios for future qualification needs and develop an EU-wide strategy to
facilitate the up-grading of skills and competencies in the construction sector.
2.2.4

Sixth Environmental Action Programme (EAP)

The Sixth Environmental Action Programme for the years 2002-2012 was approved in 2002
b
(EU 2002 ). It promotes full integration of environmental protection into all Community policies. The strategic approaches include among others the development and implementation of
Community legislation; the integration of environment protection requirements in other Community policies and the promotion of sustainable production and consumption patterns; improving collaboration with enterprises; and informing individual consumers, enterprises and public
purchasers about the environmental impact of processes and products.
The objectives respond to the key environmental priorities in the following areas:
- Climate change;
- Nature and biodiversity;
- Environment and health and quality of life;
- Natural resources and wastes.
The 6th EAP calls for the development of seven Thematic Strategies. Especially Strategy on
Prevention and Recycling of Waste, Strategy on sustainable use of natural resources, and Strategy on Urban Environment deal with sustainable construction issues. An EU waste policy contributes to reducing the negative environmental impacts of resource use. The long-term goal is
for the EU to become a recycling society that seeks to avoid waste and uses waste as a resource
(EU 2005c). The Resource Strategy aims at “more value – less impact – better alternatives”.
The first steps should be a European database on natural resources and common indicators to
measure effectiveness (EU 2005d).
The Thematic Strategy on Urban Environment encourages Member States, and regional and
local authorities to develop programmes to promote sustainable construction in their cities (EU
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2006e). Activities include awareness, standards and adopting best practices for their own buildings and buildings that they commission through green public procurement. To allow comparison of buildings across Europe and encourage exchange of best practices, the European Standardisation Organisation (CEN) has been mandated to develop methods to assess the integrated
environmental performance of buildings (beyond energy efficiency).
The communication document on urban environment deals with a broad range of issues of
sustainable construction and urban environment. It presents a vision on sustainable construction

as a process where all the actors (e.g. owner, financier, engineer, architect, builder, material supplier, permitting authority) integrate functional, economic, environmental and
quality considerations to produce and renovate buildings and a built environment that is (EU

2004d):
- Attractive, durable, functional, accessible, comfortable and healthy to live in and use,
promoting the well-being of all that come into contact with it;
- Resource efficient, in particular with respect to energy, materials and water, favouring
the use of renewable energy sources and needing little external energy to function,
making appropriate use of rain and ground water and correctly handling waste water,
and using materials that are environmentally friendly, that can be readily recycled or
reused, that contain no hazardous compounds and can be safely disposed of.
- Respects the neighbourhood and local culture and heritage.
- Is competitively priced, especially when taking into account longer-term considerations, such as maintenance costs, durability and re-sale prices.

2.2.5

European Climate Change Programme (ECCP)

The European Commission has taken many climate-related initiatives since 1991, when it issued the first Community strategy to limit carbon dioxide (CO2) emissions.
The European Climate Change Programme ECCP is the main instrument of the EU's climate
policy. It was first time adopted in 2000 to help identify the most environmentally effective and
most cost-effective policies and measures. Its urgent objective was to ensure reduction in accordance to the Kyoto Protocol. It examined a range of policy sectors and instruments with potential for reducing greenhouse gas emissions, focusing to eleven areas (2006d). One of the
most important initiatives was the EU Emissions Trading Scheme, which covers carbon dioxide
(CO2) emissions from some 11500 heavy emitters in the power generation and manufacturing
sectors.
In the Green Paper on “Adapting to climate change in Europe – options for EU action”, the
climate change was seen to cause both mitigation and adaption needs (EU 2007b). An introduction to the adaption measures gave as examples “adapting existing building codes to stand future climate conditions and extreme weather events, construction of flood walls and raising levels of dykes against sea level rise.” The White Paper on adaption deepened the view of parallel
actions and called for a strategic approach that would ensure multifaceted actions (EU 2009a).
2.2.6

Integrated Product Policy (IPP)

The communication “Integrated Product Policy - Building on Environmental Life-Cycle Thinking” IPP was presented in 2003, building up on the Green Paper published in 2001. These
documents emphasize needs to develop green products and green processes, and mechanisms to
provide with relevant information to consumers. “Greener products” are defined as those that
“have lower environmental impacts throughout their life-cycle when compared to similar products fulfilling the same function” (EU 2003b).
The IPP concerns the life-cycle information and assessment tools to a great extent. It clearly
states that LCAs provide the best framework for assessing the potential environmental impacts
of products. For this reason, activities were introduced in order to strengthen the best practices
and to achieve a best possible consensus. The IPP supports also development of environmental
product declarations EPDs as they “provide quantified environmental data based on life cycle
assessment (LCA) methodology for a product or product group”. An intention to develop integration of environmental information to product standards was also expressed in the IPP communication.
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2.2.7

Environmental Technologies Action Plan ETAP

The Environmental Technologies Action Plan (ETAP) aims to overcome the many barriers that
hinder the development and uptake of environmental technologies (EU 2004b). ETAP is

intended “to make eco-innovation an everyday reality throughout Europe”.

In the reasoning of the Plan, the construction sector is recognized as one of the focus areas:
“Many environmental technologies in the construction sector (e.g. window glazing) offer scope
for reducing the consumption of raw materials, promoting the reuse and recycling of construction and demolition waste and enhancing energy efficiency. This is important because around
25 % of CO2 emissions come from housing. These could have a considerable impact on the sector’s efficiency, especially in urban areas. However, many commercialised state-of-the-art technologies are still poorly used because of the lack of awareness of key decision-makers (e.g. architects). Better access to key information on environmental technologies through, for instance,
continuous training could therefore improve the sector’s environmental performance.”
The Plan includes actions to attract more investment for the development and demonstration
of environmental technologies and to support the development of the European Technology
Platforms. One of the major ETP’s is the European Construction Technology Platform ECTP
for the built environment. Other ETP’s dealing with the construction sector are Forest-sector
Technology Platform, Steel Technology Platform and Sustainable Chemistry Platform. All
ETPs have prepared a 2030 Vision, a Technology Roadmap and an Implementation plan.
ECTP’s “Vision for a sustainable and competitive construction sector by 2030” presents three
major areas for future research needs that concern materials and technologies, industry transformation and service issues (ECTP 2005). All ETP’s have contributed to preparation of the 7th
Framework Programme.
The Plan aims at establishing a verification scheme for environmental technologies (ETV).
Four networks of testing centres have been established to co-ordinate, study and monitor soil
and groundwater remediation technologies, water technologies and clean production and air
emission reduction technologies.
2.2.8

Action Plan for energy-efficiency

A new Energy Policy to limit raise of the global average temperature to 2°C, compared to preindustrial level was adopted by the European Council in 2007. The communication document
proposed the first set of the “20-20-20 targets” which included a tight target of 30% energya
savings in residential and commercial buildings (EU 2006 ). It also introduced promotion of
very low energy buildings aiming at a wide-spread use by 2015.
The following targets 20-20-20 are legally binding for the EU as a whole (EU 2008h):
- 20% improvement of energy-efficiency of cars, buildings and appliances;
and especially 30% reduction of final energy use of buildings
- 20% share of renewable energy in average
- 10% share of biofuels

- ≈0% emissions of new power plants.
The Plan identifies ten priority areas for actions as follows:
-

Performance standards and labelling of products
Building performance and low-energy houses
More efficient power generation and distribution
Fuel efficiency of cars
Finance for energy efficiency investments
Energy efficiency in the new EU Member States
Coherent use of taxation
Awareness
Energy efficiency in cities.
Energy efficiency worldwide.
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2.2.9

The Raw Materials Initiative

The Raw Materials Initiative was launched in 2008, and based on its approach, several strategic
studies have been conducted. The Initiative states that securing reliable and undistorted access
to raw materials is increasingly becoming an important factor for the EU’s competitiveness (EU
2008d). It refers construction as one of the main sectors which depend on availability of raw
materials.
Based on the initiative, several studies and reports on raw materials and material flows have
been conducted. Report on critical materials presents of lists of materials critical to the European industries and access to them (EU 2010b). At the short term, the construction sector does
not face an immediate threat of ending markets but many metals are becoming more expensive
and the known sources are ending even within a timeline of 30 years – like steel and nickel. Use
of some mineral sources of natural aggregates causes often huge damage on the landscapes and
groundwater inventory which should also be taken into account in estimations of material resources for construction. In some countries, use of natural aggregates in concrete is already
controlled or even forbidden.
2.2.10 The Sustainable Consumption and Production and Sustainable Industrial Policy
(SCP/SIP) Action Plan
The core of the Sustainable Consumption and Production and Sustainable Industrial Policy
(SCP/SIP) Action Plan is to improve the energy and environmental performance of products and foster their uptake by consumers (EU 2008c). This includes ambitious standards and
a harmonised base for public procurement and incentives provided by the EU and Member
States.
Several legislative documents have been revised or extended to support this Plan like:
- Extension of the Ecodesign Directive;
- Revision of the EU Ecolabel Regulation;
- Revision of the Eco-Management and Audit (EMAS) Regulation;
- Revision of the Energy Labelling Directive.
In relation to the Plan, the European Platform for Life Cycle Assessment was established to
contribute to the best practice in LCA use and interpretation. The Platform is planned to provide quality assured, life cycle based information on core products and services as well as a better consensus methodologies.

2.2.11 Strategic Energy Technology Plan (SET-Plan)
The Strategic Energy Technology Plan is tackling the challenge of the transformation of the entire energy system, from extraction and production to transport and trade and finally to use (EU
2009e). In short, the low-carbon technologies are to be made a market choice.
The SET-Plan relies on the European Industrial Initiatives which aim to strengthen industrial
participation in energy research and demonstration, boost innovation and accelerate deployment
of low-carbon energy technologies.
One of the Industrial Initiatives is “Smart cities”. This Initiative aims to improve energyefficiency and deployment of renewable energy in large cities going even further than the levels
foreseen in the EU energy and climate change policy. The roadmap document of the SET-Plan
gives a target of 40% reduction of greenhouse gas emissions for cities and regions involved
(EU 2009f).
Measures on buildings, local energy networks and transport are the main components of the
Smart Cities Initiative:
- New buildings with net zero energy requirements or net zero carbon emissions when
averaged over the year by 2015, thus anticipating the requirements of the recast Directive on the energy performance of buildings (EPBD).
- Refurbish of the existing buildings to bring them to the lowest possible energy consumption levels (e.g. passive house standard or level of efficiency that is justified by
age, technology, architectural constrains) maintaining or increase performances and

36

Part I – Integrated Methods for Sustainable Constructions
______________________________________________________________________________________________________

comfort. This would include innovative insulation material (solid insulation, vacuum
insulation, vacuum windows, cool roofs, etc.).
The SET-Plan is partly implemented through the Theme Energy of the FP7; its introduction
to the 2011 calls explains that the Plan “aims at accelerating innovation in cutting edge European low carbon technologies to facilitate the achievement of the 2020 targets and the 2050 vision of the Energy Policy for Europe” and that “it is a major contribution to the ‘Resource efficient Europe’ and ‘Innovation Union Flagship’ Initiatives of the Europe 2020 strategy”.
2.2.12 Environment and Health Strategy and Action Plan
The Environment and Health strategy aims to integrate the information on the state of the
environment, the ecosystem and human health (EU 2003a). The ultimate objective is to help
produce a better understanding of the cause-and-effect relationships between the environment
and health. Other objectives are to identify and reduce any new health threats caused by
environmental factors and to strengthen the Union's capacity for policymaking in this area.
The Strategy is implemented through Action Plans focusing to various areas in different
phases. The first ongoing Plan is also referred as SCALE (Science, Children, Awareness, Legal
instrument, Evaluation).
In line with the Strategy, the Action Plan focuses particularly on the links between
environmental factors and respiratory diseases, neuro-developmental disorders, cancer and
c
endocrine disrupting effects (EU 2004 ). It is divided in three main themes, each one having a
number of actions. The Action 12 “Improve indoor air quality” is designed to provide reliable
information on impacts of environmental damage on human health.
2.2.13

Europe 2020: A strategy for smart, sustainable and inclusive growth

The “Europe 2020” strategy was presented in March 2010 with objectives of smart, sustainable
and inclusive growth (EU 2010d). Seven flagship initiatives will be launched in relation to the
strategy concentrating to greatest challenges of the Union. Especially the initiatives “Resource
efficient Europe" and “Industrial Policy for the Globalisation Era” will concern the real estate
and construction sector thanks to their perspectives to a low carbon economy, renewable energy
sources, resource efficiency and modernisation of the transport sector.
The Resource efficient Europe Initiative includes e.g. following targets:
- Internal energy market and implementation of the SET plan;
- European supergrid, "smart grids" and interconnections in particular of renewable
energy sources to the grid;
- Infrastructure projects of major strategic importance to the EU in the Baltic, Balkan,
Mediterranean and Eurasian regions;
- Revision of Energy Efficiency Action Plan;
- Substantial programme for resource efficiency;
- Changes in consumption and production patterns;
- Vision of structural and technological changes required to move to a low carbon, resource efficient and climate resilient economy by 2050.
The communication about “An Integrated Industrial Policy for the Globalisation Era Putting
Competitiveness and Sustainability at Centre Stage” has several connections to the construction
sector (EU 2010a). The document promises an EU roadmap for a low carbon economy by 2050.
It refers to the needs to introduce new Action Plans like e.g. for Eco-Innovations and strategies
like e.g. for raw materials, and needs to extend scope of the existing documents like e.g. EcoDesign Directive. It considers standardization as an important tool for strengthening competitiveness of industries.
The communication recognizes the role of the construction sector as substantial to respond to
climate change and other environmental and societal changes. It foresees a strategy for the Sustainable Competitiveness of Construction in 2011. The objectives of this strategy would be to
ensure appropriate framework conditions for the Internal Market of construction products and
services, improve resource efficiency and environmental performances of construction enterprises, and promote skills, innovation and technological development to meet new societal
needs and climate risks.
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The communication regards transition of the energy-intensive industries to a low-carbon and
resource-efficient economy as an important engine for improved competitiveness. These industries include important suppliers to the construction sector such as steel, non-ferrous metals,
paper, and the chemicals industry.
The new strategic package is presented in the following Table.
SMART GROWTH
INNOVATION UNION
- to improve framework conditions and access to finance for
research and innovation so as to
strengthen the innovation chain
and boost levels of investment
throughout the Union.
YOUTH ON THE MOVE
- to enhance the performance of
education systems and to reinforce the international attractiveness of Europe's higher education
A DIGITAL AGENDA FOR
EUROPE
- to speed up the roll-out of
high-speed internet and reap the
benefits of a digital single market for households and firms

SUSTAINABLE GROWTH
RESOURCE EFFICIENT
EUROPE
- to help decouple economic
growth from the use of resources,
by decarbonising our economy,
increasing the use of renewable
sources, modernising our transport sector and promoting energy
efficiency.

INCLUSIVE GROWTH
AGENDA FOR SKILLS AND
JOBS
- to modernise labour markets
by facilitating labour mobility
and the development of skills
throughout the lifecycle with a
view to increase labour participation and better match labour
supply and demand.

INDUSTRIAL POLICY FOR
THE GLOBALISATION ERA
- to improve the business environment, especially for SMEs,
and to support the development
of a strong and sustainable industrial base able to compete globally.

EUROPEAN PLATFORM
AGAINST POVERTY
- to ensure social and territorial
cohesion such that the benefits
of growth and jobs are widely
shared and people experiencing
poverty and social exclusion are
enabled to live in dignity and
take an active part in society

2.3 LEGISLATIVE FRAMEWORK: DIRECTIVES AND REGULATION
2.3.1

Introduction

A comprehensive framework of directives and regulations concerns the performance of
the final outcome of the construction activities. The most important of them are Construc-

tion Products Directive, Directive on energy performance of buildings and Directive on ecodesign requirements for energy-using products. A new regulation on Ecolabelling is under implementation also for buildings.
The Taskforce Report on Lead Market Initiative for Sustainable Construction foresees (EU
2007a) that “further operational interfaces should be developed between the Construction Product Directive (89/106/EC), the Waste Framework Directive 15 (2006/12/EC) and the REACH
Regulation (1907/2006) concerning the requirements for the environmental characterisation and
declaration of secondary materials used in construction´”, and tha “the same should be considered for the Directive on the Energy Performance of Buildings, the Construction Product Directive and the Integrated Product Policy regarding the assessment of the environmental performance of buildings”.
2.3.2

Construction Products Directive CPD

The Construction Products Directive CPD is one of over 20 “New Approach Directives” which
form the fundamental legislation in creation of the internal market throughout the European Union. The CPD established the principles, organizations and systems for CE marking of the construction products (EU 1989). Here, “construction product” means any product which is produced for incorporation in a permanent manner in “construction works”, including both
buildings and civil engineering works.
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The Annex I of the Directive introduces the Essential Requirements ER and concept of durability in relation to each ER. These are explained in detail in Interpretative Documents of the
Directive:
- Mechanical resistance and stability;
- Safety in case of fire;
- Hygiene, health and the environment;
- Safety in use;
- Protection against noise;
- Energy economy and heat retention.
In the Guidance Paper F related to the Directive, durability has been defined as “the property
of lasting for a given or long time without breaking or getting weaker.” Further, durability aspects are linked to the “working life” that means the “period of time during which the performance of the works will be maintained at a level compatible with the fulfilment of the essential
requirements”. This approach link the CPD to life-time engineering (service life design and sustainability assessment).
The regulated characteristics of construction products and kits are specified in mandates that
the European Commission gives to the European Standardisation Committee (CEN) and to the
European Organisation for Technical Approval (EOTA) to develop harmonised technical product specifications, i.e. harmonised European standards or European Technical Approvals, for
the performance assessment of the construction products. In the case of a relevant product
standard (with the Annex ZA), CE marking is obligatory.
The importance of integration of environmental protection was recognized in the CPD. In
matter of fact, all of the six essential requirements of the CPD contribute to the different dimensions of sustainable development: environmental, economic and social objectives (EPAs
2007).
Work in order to replace the CPD with a Construction Product Regulation CPR has taken for
some years, and it is expected to be finalized during the year 2011. The main aim is to simplify
the CE marking procedures, especially concerning the European Technical Approval. Two
routes of ETA’s will be replaced by European Technical Assessment Documents EAD’s, and
b
the manufacturers will have a stronger position in processes (EU 2008 ). The Essential
Requirements will be called Basic Works Requirements, and the remarkable change will be an
addition of the BWR7 that concerns Sustainable Use of Natural Resources. Also, requirements
concerning hygiene, health and environment will be extended (Kuhnhenne 2010). The Annex 1
of the CPR deals directly with issues of sustainable construction and life-time engineering
(ISPRA 2008).
2.3.3

Energy Performance of Buildings Directive EPBD

The Directive on energy performance of buildings is the main legislative instrument at EU level
to achieve energy performance in buildings. The four key issues of the EPBD that shall be
applied by the Member States are as follows (EU 2002a):
- Common methodology for calculating the integrated energy performance of buildings;
- Minimum standards on the energy performance of new buildings and existing buildings
that are subject to major renovation;
- Systems for the energy certification of new and existing buildings and, for public
buildings, prominent display of this certification and other relevant information.
Certificates must be less than five years old.
- Regular inspection of boilers and central air-conditioning systems in buildings and in
addition an assessment of heating installations in which the boilers are more than 15
years old.
The recast of the EPBD took place in 2010 (EU 2010a). It sets a legal framework to upgrade
the national building codes and presents a policy of nearly zero energy buildings, so that all
new buildings will be nearly zero energy as of 2020. As for existing buildings, Member States
will also draw up national plans to increase the number of nearly zero energy buildings.
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2.3.4

Energy end-use directive

The scope of the energy end-use directive is essentially the supply side of energy services, but it
aims also to create stronger incentives for the demand side (EU 2006b). It addresses strongly the
public sector to integrate energy efficiency considerations into its investments, depreciation allowances and operating budgets. Furthermore, the public sector should endeavour to use energy
efficiency criteria in tendering procedures for public procurement.
2.3.5

Eco-Design Directive

The so called Eco-design Directive establishes a framework for setting requirements to the energy-related products. The scope was extended in 2009 so that in principle it covers all energyrelated products (EU 2009b) when the previous version focused on energy-using products (EU
2005a).
The Directive allows for setting compulsory ecodesign requirements for some products
which have significant sales and trade in the EU - indicatively more than 200,000 units (EU
2008a). Examples of potential products are as follows:
- energy-using products (EUPs): products which use, generate, transfer or measure energy (e.g. electricity, gas, fossil fuel), including consumer goods such as boilers, computers, TVs, washing machines, light bulbs and industrial products such as transformers, industrial fans, industrial furnaces
other energy related products (ERPs): products which do not necessarily use energy,
but have an impact on energy consumption (direct or indirect) and can therefore contribute to saving energy, such as windows, insulation material or bathroom devices (e.g.
shower heads, taps).

The new rules require manufacturers of energy related products to consider already at
the design stage the environmental impact of those products throughout their whole life
cycle, thus facilitating environmental improvement in a cost-effective way.

2.3.6

Ecolabel Regulation

The Ecolabel Regulation presents rules for a voluntary EU Ecolabel award scheme for any
goods or services on the Community market (EU 2009h). It is a part of the sustainable consumption and production policy.
A European Union Ecolabelling Board (EUEB) contributes to the development and revision
of Ecolabel criteria. According to the regulation, the criteria shall be determined on a scientific
basis considering the whole life cycle of products. The following aspects shall be considered:
(a) the most significant environmental impacts, in particular the impact on climate change,
the impact on nature and biodiversity, energy and resource consumption, generation of
waste, emissions to all environmental media, pollution through physical effects and use
and release of hazardous substances;
(b) the substitution of hazardous substances by safer substances, as such or via the use of alternative materials or designs, wherever it is technically feasible;
(c) the potential to reduce environmental impacts due to durability and reusability of products;
(d) the net environmental balance between the environmental benefits and burdens, including health and safety aspects, at the various life stages of the products;
(e) where appropriate, social and ethical aspects, e.g. by making reference to related international conventions and agreements such as relevant ILO standards and codes of conduct;
(f) criteria established for other environmental labels, particularly officially recognised, nationally or regionally, EN ISO 14024 type I environmental labels, where they exist for
that product group so as to enhance synergies.
An Italian project is ongoing in order to present the Ecolabel criteria for buildings (APAT
2008). The work is co-ordinated by the Board where all Member States have representatives. It
is closely related with the work in the European Joint Research Centre ISPRA (2008).
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2.3.7

Waste Framework Directive

The renewed Waste Directive became in force in 2006 (EU 2006f). It requires the Member
States to develop procedures concerning the disposal and recovery of waste as well as the reduction of waste. The reduction of the waste should be based on clean technologies and products which can be recycled and reused, taking into consideration existing or potential market
opportunities for recovered waste.
A Revision of Waste Directive was approved in 2008 especially in order to strengthen the
measures that are needed to prevent production of waste and to introduce an approach that takes
into account the whole life-cycle of products and materials and not only the waste phase (EU
2008f). Based upon the Directive, national waste prevention programmes shall be established
around 2013-2014.
The Parliament added two re-use and recycling targets that should be met by 2020:
- Re-use and recycling of waste materials such as paper, metal glass from households and
similar waste streams: 50 %
- For non-hazardous construction and demolition waste: 70 %
2.3.8

Directive on the assessment and management of flood risks

The Flood Directive requires Member States to develop flood risk management plans for each
d
river basins taking into account the impacts of climate change (EU 2007 ).

The Directive gives a schedule for measures and guidance for management plans. A
preliminary assessment to identify the river basins and associated coastal areas shall be
conducted by November 2011. Flood risk maps shall be provided by 2013. The flood
risk management plans focused on prevention, protection and preparedness shall be
completed by 2015. All assessments, maps and plans prepared shall be made available
to the public.
2.4 HARMONIZATION FRAMEWORK: STANDARDIZATION AND LABELLING
2.4.1

Integrating policy aspects to standardization

Standardization is regarded as one of the essential mechanisms to implement the strategic objectives of several European policy documents. As an example, the Green Paper on Integrated
Product Policy IPP says that (EU 2004a) "the Commission intends to co-operate with the standardisation bodies and relevant stakeholders to develop mechanisms to integrate systematically
environmental characteristics into product standards". The same message has been presented in
the Sixth Environment Action Plan concerning standards on the eco-design of Energy-using
Products (EuP), the measurement of greenhouse gas emissions, and the improvement of energy
management. Standardization is regarded as an important support for Lead Market Initiatives,
too (EU 2008f).
This kind of implementation process is possible only through co-operation with the standardization bodies because they are industrial and independent. The so-called harmonized standards are produced based upon Mandates of the Commission. Harmonization means that same
methods are applied throughout the Union concerning testing, quality assurance, labelling, certification or assessment of products. European structural design is also based on harmonized
standards.
Since 1985, the "New Approach" directives are supported by standards that aim at adequate
level of technical harmonization in order to ensure free movement of goods in the internal EU
market. They have the characteristics inherent to European standards:
- drafted by one of three European Standards Organisations (CEN, CENELEC, ETSI);
- based on consensus;
- adopted after a public inquiry with the national votes based on corresponding weighting
features;
- remain voluntary but their transposition into national standards and the withdrawal of
diverging national standards is mandatory according to the internal rules of the European Standards Organisations.
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2.4.2

Harmonized Technical Specifications

Thanks to the CPD, the image, style and content of technical product specifications are
changed. It is more and more expected that they are a driving tool towards performance based
specifications and regulations in a very large part of Europe.
At present the number of harmonized or candidate standards is 475 (CEN 2010). In addition,
about 20 standards have been registered as preliminary work items. The total is expected to
reach some 600. EOTA has submitted in total 1925 European Technical Approvals for construction products that are not covered by the harmonized standards (EOTA 2010).
The CE marking of a construction product or kit has to show data and information in
accordance with the Annex ZA of a relevant product standard. Due to this practice, there are
plans to add environmental product declaration data to CE procedures at a voluntary basis.
2.4.3

Sustainability assessment, certification and labelling

Environmental Life Cycle Assessment LCA is an important aspect in EU policies and its weight
is only increasing. The European LCA Platform and the Joint Research Centre JRC have carried out an extensive research and consultation process in order to develop common approaches. About the potential application areas, the construction sector is regarded as one
where the life cycle approach is particularly useful.
The Platform and JRC have prepared the International Reference Life Cycle Data System
(ILCD 2010) Handbook. The Handbook is a series of technical documents that provide detailed
guidance on all the steps required in LCA.
The Platform develops also a Life Cycle Inventory database comprising life cycle emission
and resource consumption data from business associations and other sources for key materials,
energy carriers, transport, and waste management. The new version, the ELCD II, includes data
sets that have not been published beforehand and data sets that were only collected for this purpose. The data sets of the ELCD database will contribute to the international ILCD Data Network that will define the method, quality, nomenclature, review and documentation requirements for consistent and quality-assured LCI data (ELCD 2010).
Life Cycle Costing methods are an important area of harmonization and implementation of
Green Public Procurement principles. The common methodology would be essential for the
Lead Market Initiative, too. Needs of a common methodology have been recognized in several
reports and documents on the sustainable construction. In the DEEP project (Dissemination of
Energy Efficiency Measures in the Public Building Sector), supported by the CIP Intelligent
Energy Europe Programme, a guide for cost-effective sustainable public procurement has been
developed.
CEN TC350 – Sustainability of Construction Works is responsible for sustainability assessment methods for new and existing construction works and for environmental product declarations of construction products. The work is organised in five work groups as follows:
- WG 1, Environmental performance of buildings
- WG 2, Building life cycle description
- WG 3, Product level
- WG 4, Economic performance assessment of buildings
- WG 5, Social performance assessment of buildings.
In addition, the so-called TG “Framework” has been in charge of preparing standards prEN
15643-1 “Sustainability of construction works - Assessment of buildings - Part 1: General
framework” and prEN 15643-2 “Sustainability of construction works - Assessment of buildings
- Part 2: Framework for the assessment of environmental performance”. The WG1 is in charge
of preparing prEn 15978 “Sustainability of construction works - Assessment of environmental
performance of buildings - Calculation methods. The WG3 has produced prEn 15804 “Sustainability of construction works - Environmental product declarations - Product category rules”.
The sustainability standards will be generally applicable and relevant for the assessment of
integrated performance of buildings over the entire life cycle. They will describe a harmonized
methodology for assessment of environmental and life cycle cost performance as well as the
quantifiable performance aspects of health and comfort.
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2.4.4

Structural Eurocodes

The Eurocodes are ten Standards, EN 1990 - EN 1999 produced by the Technical Committee
250 of CEN. They apply to every day structural design of buildings and other civil engineering
works and construction products (EU 2008e). The Eurocodes have replaced the national design
standards, but there are still needs to limit the national intervention opportunities. Other needs
to modify, update and expand the codes have also been identified.
The Taskforce report on Sustainable construction proposes to expand the scope of Eurocodes
in order to integrate other important aspects in construction design, not least energy and environmental engineering (EU2007c). This would open markets to unconventional construction
products and techniques with improved environmental performances.
The White Paper ”Adapting to climate change: Towards a European framework for action”
suggests a feasibility study on incorporating climate change impacts into construction standards, such as Eurocodes. New parts or substantial additions to the existing codes should be developed as part of the action, and they should at least cover (EU 2009a):
- Assessment, re-use and retrofitting of existing structures
- Strengthening of the requirements for robustness
- New materials/new use of materials
(e.g. glass, FRP and very high performance concrete)
- New types of structures (e.g. tensile surface structures)
- Incorporation of ISO Standards in the Eurocodes family, such as atmospheric icing of
structures and actions from waves and currents on coastal structures.
CEN has got a Programming Mandate to review the current Eurocodes in order to determine
the need and format of possible revisions that would enable designers to take into account sustainable development aspects directly affecting structural design of buildings and civil engineering structures (EU 2010f). One special item is assessment of existing buildings and structures and their strengthening.
2.5 INNOVATION FRAMEWORK: R&D AND PPP PROGRAMMES
2.5.1

Diversified funding opportunities

The EU Research and Development Programmes are tightly connected with the Community
policy-making. Some Programmes like LIFE, CONCERTO and CIP are managed and funded
directly from the Commission or its various “Directorates Generale” (DGs). The budget of the
Research Framework Programme is allocated directly from several DGs.
During the preparation of the 7th Framework Programme, consultation with industries was
emphasized by the Commission. The influence of the industry-led European Technology Platforms was especially visible. As a continuation, the Commission has worked for public-privatepartnerships that would have a good access to planning of work programmes and calls. The
E2B Association and the Commission has published a common multiannual roadmap on energy-efficient buildings whose priority issues are introduced in the FP7 almost as such (E2B
2010). The SET Plan refers to the European Energy Research Alliance EERA that has been established by ten research institutes in order to support implementation the SET Plan (EERA
2010). The Europe 2020 strategy tightens the connection between the community strategies and
R&D. Some Technology Platforms have also been supported to set up long-term public-private
partnerships in the form of Joint Technology Initiatives. These initiatives will combine private
sector investment and/or national and European public funding, including grant funding from
the Research Framework Programme and loan finance from the European Investment Bank.
The R&D funding procedures in Europe will most likely experience fundamental changes in
coming years. The needs of fundamental changes especially in co-ordination of national and regional project was clearly summarized in the monitoring report on the European Research Area
ERA that says “EU research policy will need to increase its leverage effect on national research
policies, programmes and systems, so as to raise the effectiveness, efficiency and attractiveness
of the whole European research system (ERA 2009).
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The Initiative “Innovation Europe” argues, that the current system of R&D support in the
Union and its Member States has become much too complex and costly (EU 2010e). The Initiative launches a novel “Partnership approach”, and mentions as potential partnership areas such
as energy, "smart cities", a sustainable supply of raw materials, water efficiency and smart mobility that are in line with the goal of developing a low carbon, energy efficient economy with a
strong industrial basis. The selection process of partnerships will be organised during the year
2011. The Initiative shows also interest in joining national, regional and European resources in
a more co-ordinated way.
2.5.2

Research Framework Programmes

The Unit for Sustainable Development of the DG Research of the European Commission monitors incorporation of sustainability aspects in calls and projects of ten Themes of the Cooperation Programme of the current Research Framework Programme FP7. A good overall picture on
records is available at its website (http://ec.europa.eu/research/sd).
In the previous Framework Programmes, there were many opportunities for projects that
dealt with the sustainable construction issues:
- The 4th FP (1994-1998) was divided in eleven topic areas, and three of them were related to sustainable development. The thematic network ”Environmentally friendly
construction technologies” (80 - 120 projects, roughly 300 Mecu’s) was established to
co-ordinate the sector’s R&D. Recycling and energy-efficiency were R&D objectives
already at that time (ENBRI 1997).
- The 5th FP (1998-2002) was divided in themes from which four were dealing with sustainability. Inside the Theme “Competitive and Sustainable Growth”, several construction sector projects were conducted in the Key Action “Innovative products, processes
and organisation. In the Key Action “City of Tomorrow and Cultural Heritage” of the
Theme “Energy, Environment and Sustainable Development” one topic was Sustainable buildings and neighbourhoods (ENBRI 2002). The results of its projects CRISP,
HQE2R, PRESCO, SUREURO have been remarkable for the sustainable construction,
thanks to guidelines, tools, and sets of indicators (EU 2004e). In the latter Theme, a
number of projects dealt with specific aspects of construction such as waste management, new materials and innovative safety improvements. In the area of renewal and reuse, topics range from defunct buildings to technologies for the assessment of contaminated sites.
- The 6th FP (2003-2006) comprised eight specific technical themes. Each of them was
subdivided into sub-themes. In addition there were a number of supporting activities
designed to underpin European research and policies. Around 100 projects concerned
construction sector, some tens more were closely related (ENBRI 2007). About 40 projects were funded in the area of sustainable development. A number of other FP6 research projects focus on developing indicators for sustainable development at a more
local level (ie at a local, regional or city level). These include STATUS and TISSUE
which aimed to support the Thematic Strategy on the Urban Environment under the 6th
EAP.; projects e.g. ”EcoBuildings”, LENSE and TISSUE that deepened the results
from the previous European projects.
Several Themes of the FP7 include performance of buildings and the built environment. The
Theme Environment has traditionally been the main source for development of methods and
technologies for sustainable buildings and communities. Its responsibility includes understanding of the systemic interactions between ecosystems and socio-economic systems and environmental technologies, with a focus on waste and water treatment, soil rehabilitation and life
cycle assessment. A very remarkable increase of the funding for energy-efficient buildings has
recently been available in relation to the European Recovery Plan that aims at radical reduction
of the energy consumption of the European building stock.
2.5.3

Other R&D and Demonstration Programmes

The Competitiveness and Innovation Framework Programme (CIP) is co-ordinated by the
Executive Office for Competitiveness and Innovations EACI set up by the European
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Commission. The Programme has three parallel Programmes, each one with special objectives
aiming at harnessing competitiveness and innovative capacity.
- The Entrepreneurship and Innovation Programme (EIP)
- The Information Communication Technologies Policy Support Programme (ICT-PSP)
- The Intelligent Energy Europe Programme (IEE)
Especially the IEE Programme of the CIP has popular among research organisations as it
gives opportunities to technology and knowledge diffusion gathered in more science-based research activities. The databank of the Programme gives tens of reference projects on energyefficiency of buildings.
The Programme Eco-innovations of the CIP aims at “all forms of innovation reducing environmental impacts and/or optimising the use of resources”. In the last call in 2010, the four priority areas were Materials recycling, Sustainable building products, Food and drink and Greening business/ smart purchasing.
The LIFE Programme is co-ordinated by the DG Environment. It supports environmental and
nature conservation projects especially in the public sector. One of its themes is urban environment and quality of life that is connected to the Thematic Strategy on the Urban Environment. The project database shows some tens of projects in this field. The current LIFE+ is
partly a continuation of the previous Programmes but it has been rearranged.
The CONCERTO Programmes are co-ordinated by the DG Energy and Transport. They support improvement of energy-efficiency of cities and communities. The projects can have one or
more partners. Essentially, a project should consist of approaches of eco-buildings, renewable
energy resources and their integration at a community level.
EUREKA is a Europe-wide network for market-driven collaborative research and technology
development. At the moment there are 37 countries involved in the Programme; each country
finances their EUREKA project participants. The European Construction Technology Platform
has used EUREKA Umbrella mechanism for implementation of its Strategic Research Agenda
with the title “Technologies for a Sustainable and Competitive Construction Sector”.
The steel construction sector has traditionally undertaken projects supported by Research
Fund for Coal and Steel RFCS that selected sustainable construction as its priority in 2009, and
in 2010.
2.5.4

European Technology Platforms

The Commission began promoting the concept of industrial technology platforms in 2003.
There were soon several interested groups of stakeholders that took the initiative to set up a
European Technology Platform, with the support and guidance of the European Commission. (EU 2005b). In common, establishing of organization and preparation of the Vision
2030 took place in years 2003-2005, the Strategic research agendas SRA’s were prepared in
2005-2006, and later on the Implementation Plans were published. The various platforms have
common and overlapping issues, and there have also been ad hoc and more permanent joint
working groups between them.
In the real estate and construction sector, an Inter-ETP Working Group has been created to
deal especially with issues of energy-efficiency and sustainable development by
- European Construction Technology Platform (ECTP)
- European Steel Technology Platform (ESTEP)
- European Forest-Based Sector Technology Platform (FTP)
- European Technology Platform for Sustainable Chemistry (SusChem)
- European Solar Thermal Technology Platform (ESTTP)
- European Hydrogen and Fuel Cell Technology Platform (HFP)
- European Photovoltaic Technology Platform (PV)
An evaluation of the ETPs in 2008 concluded that several ETPs have clearly been established or focused on the FP7 pre-programming phases, and they have to refocus and reconsider
their positions (IDEA Consult 2008).
The ETPs have identified research and development priorities, timeframes and action plans
on a number of issues that are strongly related to the European strategic objectives of growth,
competitiveness and sustainability. As such, they are regarded as a potentially powerful instrument in achieving the European Research Area.
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2.6 CONCLUDING REMARKS
The real estate and construction sector (including the construction products manufacturing) is
of a great political interest due to its overwhelming impacts on employment and property development as well as due to its environmental and social impacts. In several leading strategic
documents and initiatives of the European Union, needs to promote green and sustainable construction are recognized. The policy instruments of the EU are similar with the list gathered by
the United Nations Environment Programme in analysis on the reduction of the CO2 emissions
from of buildings (UNEP 2007).
Table 2. Policy instruments available to promote reduction of CO2 emissions from buildings (UNEP
2007).
Policy Instrument

Definition

Appliance standards

Define a minimum energy efficiency level for a particular product class
such as refrigerators, to be fulfilled by the producer
Address the energy use of an entire building or building systems such as
heating or air conditioning
Provisions for energy efficiency in the public procurement process.
Requirement for example for electricity and gas suppliers to achieve targets for improvements in energy efficiency for instance in households
Provision of information to end users about the energy-using performance of products such as electrical appliances, and even buildings
Mandatory audit and energy management in commercial, industrial or
private building, sometimes subsidized by government
Planning, implementing, and monitoring activities of energy efficiency
programs among/by utilities
A contractor, typically an Energy Service Company (ESCO), guarantees
certain energy savings for a location over a specified period; implements
the appropriate energy efficiency improvements, and is paid from the actual energy cost reductions achieved through energy savings
Private sector buyers define their requirements, invite proposals from
manufacturers and suppliers, evaluate the results, and actually buy the
products, all in order to achieve a certain efficiency improvement in
products equal or even superior to world best practice
Tradable certificates for energy savings ( “white certificates”)

Building codes
Procurement regulations
Energy efficiency
obligations and quotas
Mandatory labelling
program
Mandatory audit programs
Utility demand-side
management (DSM)
Energy performance
contracting
Cooperative procurement

Energy efficiency
certificate schemes
Kyoto mechanisms
Taxation (on CO2 or
household fuels)
Tax exemptions/reductions
Public benefit charges
Capital subsidies grants,
subsidised loans
Voluntary certification and
labelling
Voluntary and negotiated
agreements
Public leadership programs
Awareness raising
Detailed billing and
disclosure programs

Joint Implementation (JI) and Clean Development Mechanisms (CDM)
Increase of the final price that end-users pay for each unit of energy purchased from their energy supplier
Signals promoting investment in energy efficiency to end use customers
Raising funds from the operation of the electricity or energy market, which
can be directed into DSM/ energy efficiency activities
Financial support for the purchase of energy efficient appliances or buildings
Provision of information to end users about the energy-using performance of
products, and even buildings. Voluntary for producer.
Formal quantified agreement between a responsible government body and a
business or organisation which states that the business or organisation will
carry out specified actions to increase the efficiency of its energy use.
Energy efficiency programs in public administrations, demonstration projects to show private sector which savings and technologies are possible.
Intention to education, information campaigns change individual behaviour,
attitudes, values, or knowledge
Display detailed information related to the energy consumption
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The real estate and construction sector was identified as a key sector for the environmental
policies already in the early 1990ies. One of the first EU documents dealing with competitiveness of the construction sector emphasized its role in environmental objectives concerning use
of resources and energy, increasing re-use and recycling, and final disposal of waste. An increasing number of similar topics are introduced in strategies and leading policy documents
produced by different organizational units of the European Union. They are related to issues of
consumption of energy, material and water, and production of waste and emissions. The background report for the recent Lead Market Initiative for Sustainable Construction states that “the
EU legislation in the areas of energy, environment, internal market and health needs to be developed with a view of setting a more coherent and progressive framework towards sustainable
construction”.
In the European Union, and some Member States, the importance of the research and development programmes in implementation of policy strategies is at a high priority. Sustainable
construction - aiming at a sustainable built environment - is one of the fields that has been promoted under various types of programmes. It is worth noticing that the definition of the construction sector should include all the life-cycle activities needed to produce and maintain the
built environment. In the classical way to consider the sector, the construction products are not
a part of the sector but are part of stone, chemical, glass etc industries – although the CPD tries
to set the essential requirements for the “works” level.
The European Union works for the sustainable development at several levels of policymaking and administration. Its vision “Europe 2020 Strategy for smart, sustainable and inclusive growth” builds on several previous or current strategic documents. It presents that the EU
will “develop a strategy for the Sustainable Competitiveness of Construction to ensure appropriate framework conditions for the Internal Market of construction products and services, improve resource efficiency and environmental performances of construction enterprises, and
promote skills, innovation and technological development to meet new societal needs and climate risks”.
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Coordinator: Ricardo Mateus
Contributors: Ricardo Mateus, Luís Bragança, Rijk Blok, Mauritz Glaumann, Christian
Wetzel, Dimitrios Bikas, Christina Giarma, Ilker Kahraman, Yesim Aktuglu

3.1 INTRODUCTION
Since the large scale industrialization occurred, the profit oriented human activity has led to a
constantly growing environmental degradation. Nowadays, that the actual severity of the problem in hand is impossible to ignore and the spectrum of the future consequences emerges in its
full extent, several actions towards the adaptation of sustainability principles in the most problematic sectors of human activity are undertaken. One of these sectors is building sector, incorporating the production, transport, use and replacement of building materials, the use of the
building itself (energy consumption for lighting, ventilation, heating and cooling, water consumption etc), the reuse of the building or its materials, the demolition of the building and the
disposal of the demolition products. The energy consumed in operating buildings serves as indication of the building sector’s contribution to the total environmental aggravation induced by
human activity. According to (OECD, 2003), in the European OECD countries, the building
sector consumes the highest amount of energy (40%) in comparison to the transport (22%) and
industry sectors (38%). Given the fact that the afore-mentioned quantities include the energy
amounts consumed only for the operation of the building, while other processes – unbreakably
bonded to construction – such as manufacture and transport of building materials, are not cocalculated, an estimation regarding the impact of the building sector on the environment can be
drawn.
Due to the increasing awareness about the consequence of the contemporary model of development in the climate change and to the growing international movement toward highperformance/sustainable buildings, more and more the current paradigm of building is changing.
This is changing both the nature of the built environment as well the actual way of designing
and constructing a facility. This new approach is different from the actual practice by the selection of project teams members based on their eco-efficient and sustainable building expertise;
increased collaboration among the project team members and other stakeholders; more focus on
global building performance that on building systems; the heavy emphasis placed on environmental protection during the whole life-cycle of a building; careful consideration of worker
health and occupant health and comfort through all phases; scrutiny of all decision for their resource and life-cycle implications; the added requirement of building commissioning; and the
emphasis placed on reducing construction and demolition waste (Kibert, 2005).
Although there are several definitions for a sustainable building, generally speaking, it uses resources like energy, water, land, materials in a much more efficient way than conventional
buildings. These buildings are also designed and used in order to produce healthier and more
productive living, work and living environments, from the use of natural light and improved indoor environmental quality (Syphers et al, 2003). Therefore, sustainable building aims the
proper balance between the three dimensions of the sustainable development: Environment, Society and Economy.
Building sustainability assessment involves various relations between built, natural and social
systems. Therefore it comprises hundreds of parameters, most of them interrelated and partly
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contradictory. To cope with this complexity and to support the sustainable building design, it is
necessary to implement a real methodological work. The main objective of a systematic approach is to define sustainable building concept through tangible goals in order that, as a result
of the sustainable design process, it is possible to achieve the most appropriate balance between
the different sustainability dimensions (Mateus et al, 2008).
The development of assessment methods and the respective tools is a challenge both for the
academia and in practice. An issue of prime importance is that of managing the flows of information and knowledge between the various levels of indicator systems. An important constraint
to these methods is that the specific definition of the terms “sustainable building” or “high performance building” is complex, since different actors in the building’s life-cycle have different
interests and requirements (Cole, 1998). For instance, promoters will give more attention to
economic issues, whereas the end users are more interested in health and comfort issues (Haapio
et al, 2008).
During the last two decades a significant number of environmental and sustainability assessment tools for buildings have been developed. The first commercially available environmental
assessment tool for buildings was the Building Research Establishment Assessment Method
(BREAM). This method was established in the UK in 1990 and together with the following two
rating and certification systems it provides the basis for the other approaches used throughout
the world: Sustainable Building Tool (SBTool), developed through the collaborative work of
representatives from 20 countries; and the Leadership in Energy and Environmental Design
(LEED), developed in the U.S.A.. In general, these methods are characterized by assessing a
number of partial building features and aggregating these results into an environmental rating or
sustainability score (Assefa et al, 2010).
In the SBTool the approach is to weight different indicators, taking into account weighting
factors that are fixed at the national level. Each “score” is the result of the comparison between
the studied building and the national reference. This scheme allows an international comparison
of buildings from different countries. Other tools, for instance, BREEAM and LEED, are based
upon credits. The maximum number of credits available for each indicator is related to its
weight in the overall score, which is expressed by a rating (e.g. from Pass to Excellent in
BREEAM).
There are also LCA-based tools available that are especially developed to address the building as whole, such as, for example, Eco-Quantum (Netherlands), EcoEffect (Sweden), Envest2
(U.K.), BEES 4.0 (U.S.) and ATHENA (Canada). The majority of these tools are developed according to a bottom up approach, i.e. a combination of building materials and components add
up to a building, even though they are designed to consider the whole building, including energy
demand, etc (Erlandsson et al, 2003). Tools to support decision-making in accordance with
principles of performance-based design have also been developed, mainly in research communities.
The aim of this paper is to present some different building environmental or sustainability assessment methods developed in some of the countries represented in the COST Action C25.
This Chapter will begin by presenting an overview about the international context on the LCA
methods and sustainability assessment tools. Afterwards, some different European methods will
be presented: SBToolPT (Portugal); DGNB (Germany); ERB Tool (Sweden) and GREENCALC
Tool (Netherland). This subchapter highlights the list of indicators of different methods and presents their contribution for the sustainability of buildings through the presentation of some case
studies. At the end of this chapter other internationally recognized approaches are summarized
in order that the differences at the level of the list of indicators could be highlighted. The methods briefly presented are: BREEAM (U.K.); LEED (U.S.A.) and CASBEE (Japan).
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3.2 OVERVIEW ON THE LCA METHODS AND BUILDING SUSTAINABILITY
ASSESSMENT TOOLS AND THEIR CONTRIBUTION FOR THE SUSTAINABILITY
OF BUILDINGS
3.2.1

Introduction

In the context of diminishing the adverse effects of the building construction, operation, renovation, demolition and final disposal processes, continuing and intensifying efforts are made. Indispensable tools in the hands of those trying to support the implementation of sustainable practices and strategies in the building construction sector are the building and building materials’
environmental performance assessment methods. Such methods, along with LCA (Life Cycle
Assessment) methods, can serve not only as research tools, but also as means of persuasion of
practitioners to consider environmental aspects in the selection of the materials and systems
they use, as well as in the design and construction of buildings.
In the following, the potential of Life Cycle Assessment and building environmental performance assessment methods to promote the implementation of environmentally friendly
strategies and techniques in the building construction sector is discussed. On the basis of presenting results produced by the application of such methods to buildings and products in
Greece, the kind of conclusions and directives that can be derived is revealed. Furthermore,
based on a recent study on the LCA of building envelopes’ components typically used in
Greece, a set of interesting observations, which can also be taken into account in every day
practice, is presented. In the first part of the chapter, a reference is made to terms that are widely
used in connection to several aspects of a building’s or a material’s environmental performance
(environmental performance, Life Cycle Assessment etc.). The distinctions are clearly made and
the differentiations among them are underlined. Additionally, some widely used methods for the
buildings’ environmental performance assessment and LCA methods are reviewed, while legislation issues such as certification of low energy consumption, product labelling etc are also addressed.
3.2.2

LCA and building environmental performance assessment

3.2.2.1 Terms and aspects
According to (Braganca et al, 2008a), Life Cycle Assessment is a systematic approach to the
evaluation of the potential environmental impacts of a product or service over its life cycle. The
basic framework for LCA includes 8 basic steps (goal and scope definition of LCA, inventory
analysis, impact assessment, interpretation, reporting and critical review, limitations, relationships between the LCA phases and conditions for use). The LCA study itself includes the first 4
of the afore-mentioned stages (Pre Consultants, 2007).
The LCA studies vary from relatively simple to extremely complex, depending on the factors
taken into account, the complexity of the assembly studied and on the kind and number of impacts assessed. Given the fact that the LCA analysis of solely a building is a difficult task, the
application of LCA in buildings, which incorporates various materials and elements, with different characteristics, different life durations, attacked by different aggressive agents and fulfilling varying performance demands becomes extremely complex. This difficulty is widely acknowledged (Blok et al, 2008; Glaumann et al, 2008).
The LCA methods are not designed especially for the building and construction sector. In
fact, they can model and assess any product or service. Consequently, they can be used to
evaluate the environmental impact of every building material, component or system. In the context of a very complex, detailed approach, the sophisticated LCA tools available can be used to
study a building. However, a building is not a static ensemble of the materials of which it is
constructed and of the systems it includes. The construction, operation or demolition of a building on a site affects the site itself (reduction or increase of the area covered by plants or trees,
etc.), while the site affects in a determinative way several important decisions regarding the design and construction of the building. The constructions near the building under study are also
of great importance relatively to its design, construction and operation (access of primary occupancy spaces to daylight, noise level, restrictions for the building’s dimensions and shape etc.).
Furthermore, the demands deriving from the occupants needs set limits for the minimum ac-
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ceptable performances of the building components and systems. It is evident that the environmental performance assessment of buildings, taking into account all those aspects and therefore
adopting a holistic approach, extends far beyond the LCA of its components and systems. Issues
regarding the site, the design of the building, the operation energy and many others must be addressed. This approach is attempted by the constantly developing building’s environmental performance assessment methods and rating systems. Several of the tools corresponding to such
methods incorporate LCA criteria into the assessment they conduct (e.g. SBTool (Larsson,
2007), Green Globes (GBI)). A rating system that does not include LCA criteria is LEED (Braganca et al, 2008a). Concluding, the environmental performance assessment of a building can
include but cannot be entirely based on LCA criteria.
3.2.2.2 Software and tools
In the following, a short reference to tools widely used for LCA and buildings’ environmental
performance assessment is made. This review could be extended to include not only more detailed descriptions of the cited tools, but also to other methods developed for the same purposes.
i) LCA tools
One of the oldest, yet widely known and applied, tools for the analysis of the environmental and
economic profile of building materials is BEES (Building for Environmental and Economic
Sustainability) (Lippiat, 2002). Including an extensive database regarding the amounts of
chemical substances emitted throughout the life cycles of the most commonly used building
materials, BEES can be used either to draw a picture of a material’s environmental profile or to
compare the environmental performance of materials belonging to the same category. This
comparison is based on the final scores attributed to the materials compared. The final score for
each material is derived from the summation of the scores calculated for each one of the ten or
six impact categories available (depending on the material). An estimation of a material’s
economic profile is also possible.
SimaPro (Pre Consultants., 2007) is a sophisticated software for the life cycle analysis of
materials and components. Including extensive databases for materials of various kinds and
providing the possibility of using several methods for the impact assessment and selecting
different disposal scenarios, SimaPro can provide analyses of different levels, extending from a
simple single material to very complex systems. The possibility of presenting the results in
different ways is also provided.
ii) Buildings’ environmental performance assessment tools
BREEAM is the earliest building rating system for environmental performance (Gowri, 2004).
Evolving from a design checklist to a comprehensive assessment tool, it has widely been used in
various countries and is recognised by the UK building industry as the benchmark for assessing
environmental performance.
GBTool is the software implementation of Green Building Challenge (GBC) method (iiSBE,
2004). GBC method is a method for the assessment of buildings’ environmental performance
and it is developed, under the responsibility of iiSBE, on the basis of the collaboration of more
than 20 countries. It assesses several aspects of a building’s environmental profile, providing
this way a rather extended and detailed estimation of the building’s performance in relation to
environment. In GBTool 2002, these aspects are categorised into the following 7 thematic categories, called performance issues: 1) resource consumption, 2) environmental loadings, 3) indoor environmental quality, 4) quality of service, 5) economics, 6) pre-long-term performance,
7) social and economic aspects. Each performance issue includes several performance categories, which include numerous performance criteria and sub criteria. The scores attributed to the
building’s environmental performance parameters range from –2 to +5, with 0 corresponding to
the minimum acceptable performance for the relevant occupancies within the region (determined by the existing regulations or common practices of the region) and +5 being attributed to
the highest possible performance. A re-structured version of GBTool, including the assessment
of economic and social variables, called SBTool, has recently been completed.
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LEED (Leadership in Energy and Environmental Design) has been developed by the U.S. Green
Building Council (U.S. Green Building Council, 2001). LEED is a rating system, classifying the
environmental performance of a building into four categories. The estimation of a building’s
environmental performance is based on the total points the building gathers during the assessment of various criteria. Finally, the building is attributed the characterisation certified, silver,
gold or platinum, according to its total score. Although LEED is a rather simple for the user to
apply (list of conditions and requirements that are fulfilled or not), it is based on a complicated
and extensive system of building regulations.
iii) Application of LCA and Buildings’ environmental performance assessment tools
The application of the tools mentioned and of similar ones for buildings or materials in a region
presupposes the existence of extended databases (for the raw materials, the manufacture processes, the transport and construction processes, etc), of statistical data about several aspects of
the built environment in the region and of national or regional regulations about environmental
issues, which could serve very well as benchmarking mechanisms (Giarma et al, 2005). A network of information and legislation of this kind is not available for many countries. This fact is
further revealed by a series of investigations regarding European countries (Kontoleon et al,
2008; Blok, 2008; Broniewicz, 2008; Gervasio et al, 2008; Grecea et al, 2008; Glaumann et al,
2008; Kahraman, 2008).
3.2.3

Use of LCA and building environmental performance assessment in case studies in
Greece

In the following section, the potential of Life Cycle Assessment and building environmental
performance assessment methods to promote the implementation of environmentally friendly
strategies and techniques in the building construction sector will be revealed through the presentation of some results derived by the application of such methods for buildings in Greece and
building components that correspond to the current state of the art in Greece.
3.2.3.1 Application of buildings’ environmental performance assessment tool
In a study conducted in 2002 (Giarma et al, 2002), the environmental performance of a three
storey, recently constructed office building in northern Greece was assessed. It is composed of a
ground floor with two storeys above it of 625m2 each and a basement of 726m2. The reason that
this particular building was selected to be studied was that during its design and construction,
several sustainability issues were taken into consideration and, consequently, several measures
and techniques were applied in order to improve its environmental profile (integration of passive solar systems, design enhancing natural ventilation, shading devices reducing the energy
used for cooling, etc). This assessment was conducted with the use of GBTool 2002. In the context of this tool, scores for seven major performance issues (each one including several performance categories comprising numerous performance criteria and sub criteria, to all of which
a score is attributed as well) are calculated. Finally, an overall score is attributed to the building.
The score scale extents from -2 to +5 with 0 corresponding to the minimum acceptable performance for the relevant occupancies within the region, determined by the existing regulations
or common practices of the region, -2 to unsatisfactory performance and +5 to the highest
achievable performance. The results revealed that the implementation of environmentally
friendly strategies led to a considerable improvement of the building’s environmental profile in
relation to a typical office building in Greece.
This building has formed the reference case building or several parametrical studies conducted later. In (Bikas et al, 2005), the effect of the use of photovoltaic technology on this building was studied. With the use of PHIVOS, a tool that uses readily available climate data from 25
stations in Greece and simple PV product parameters to calculate energy production of on-grid
photovoltaic systems, the yearly energy output in case that PV elements (the type of the photovoltaic elements used was a-si and the inverter’s efficiency was 0,95) were integrated into the
east façade, the west façade, the north façade the south façade, the roof and, finally, all the surfaces of the afore-mentioned building. These results were then used as inputs for the building’s
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environmental performance assessment in every case with the use of GBTool 2002. Due to the
limited space, only the differentiations in the total scores are presented in Figure 3.1.
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Figure 3.1. Total scores for a building’s environmental performance, depending on the surfaces into
which PV elements are integrated, as they are derived by the study presented in (Bikas et al, 2005).

Based only on this diagram, one could easily reach the conclusion that the integration of PV
elements into the east, north or south façade of the building would not cause any severe alterations in its environmental profile. On the contrary, the integration of PV elements onto the roof
could have an impressive effect.
Another parameter that was analytically investigated with the use of GBTool 2002 was the
influence of urban context on the building’s environmental performance. Considering the aforementioned office building (Giarma et al, 2008) and, in a more recent study, a virtual office
building in Greece (Arailopoulos et al, 2009), the graphic of Figure 3.2 was used to calculate
the angles f and a for a number of hypotheses for S, H and HA. The results revealed that in the
dense urban fabric of cities, with the margins of alterations in the values of the variables studied
being small, the effect of these parameters on the total performance of the building, even on the
performance category relating to the indoor environmental quality is negligible (Tsikaloudaki et
al, 2005). This is not the case for locations were the sites available are bigger and the range of
the possible alterations of S is large (Giarma et al, 2008). Keeping in mind these results might
work in favour of environmentally friendlier decisions during the design of the building.
Some parameters e.g. the percentage of a building’s facades covered by glazing in Greece
(Giarma et al, 2008) have been investigated with the use of such tools Each one of these studies
reached conclusions, regarding the effect of the alteration of each parameter to the to the environmental profile of the building, that can undoubtedly be used in the context of decision making in relation building under study.
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Figure 3.2. Graphical display of the main variables used to study the effect of urban context on the environmental performance assessment of a building in (Tsikaloudaki et al, 2005) and (Giarma et al, 2008).

3.2.3.2 Application of LCA tools
In the context of a recently completed diploma thesis, an analysis of the buildings’ life cycle in
Greece was attempted, with the use of SimaPro software (Arailopoulos et al, 2009). The method
applied for the impact assessment was Eco–indicator 99 (which is included as an option in the
version of SimaPro that was used). This analysis was focused on a typical building’s envelope
components. The assessment was conducted for a series of typical assemblies, including the
most commonly used materials in Greece. Due to the fact that there are not, at least in view of
the authors, databases including information about the environmental profiles of the building
materials commonly used in Greece of such kind and extent that could be used directly for the
analysis conducted by a sophisticated software such as SimaPro, a series of simplifications and
assumptions had to be adopted for the study to be conducted. Nevertheless, the results of a general level that are reported here are considered to be rather reliable.
More specifically, it was found that, in case that a mean transport distance of 100 km from
the material’s production site to the construction site is considered for all the materials used,
transport is a severely aggravating process for the life cycle of all the components examined.
The contribution of transport to the final figures calculated for most impact categories is more
than 50%.
Furthermore, the fact that the disposal scenario for each component and material plays an important role for the final environmental profile that is derived for the component under study
was revealed. For example, in the case of a typical concrete column, including interior and exterior plasters and thermal insulation, the contribution of the column’s disposal scenario to the total score calculated for the impact category “climate change” (including the production of materials, the construction of the column, etc.) is more than 50%.
Other results related, among others, to the relative contribution of its component to the total
environmental aggravation caused by a building (the operation energy is not taken into consideration) have also been derived. These results are not presented here due to the limited space of
this section.
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3.3 METHODOLOGY SBTOOLPT
3.3.1

Framework

The Sustainable Building Tool - SBTool is a building sustainability assessment method that result from the collaborative work of several countries, since 1996 and it was promoted by the International Initiative for a Sustainable Built Environment (iiSBE). This international involvement supported its distinction among the others methodologies, since SBTool was designed to
allow users to reflect different priorities and to adapt it to the regional’s environmental, sociocultural, economy and technological contexts.
The Portuguese version of SBTool - SBToolPT - was developed by the Portuguese chapter of
iiSBE, with the support of University of Minho and the company EcoChoice. In this methodology all the three dimensions of the sustainable development are considered and the final rate of
a building depends on the comparison of its performance with two benchmarks: conventional
practice and best practice. This methodology has a specific module for each type of building and
in this section the module to assess residential buildings (SBToolPT – H) was used.
The physical boundary of this methodology includes the building, its foundations and the external works in the building site. Issues as the urban impact in the surroundings, the construction
of communication, energy and transport networks are excluded. Regarding the time boundary, it
includes the whole life cycle, from cradle to grave.
Table 3.1 lists the categories (global indicators) and indicators that are used in the methodology to access residential buildings. It has a total of nine sustainability categories (summarizes
the building performance at the level of some key-sustainability aspects) and 25 sustainability
indicators within the three sustainability dimensions.
The methodology is supported by an evaluation guide and its framework includes (Figure 3.3):
i)
Quantification of performance of the building at the level of each indicator presented
in a evaluation guide;
ii)
Normalization and aggregation of parameters;
iii)
Sustainable score calculation and global assessment.
In order to facilitate the interpretation of the results of this study the main steps of the
SBToolPT approach will be presented in the next sections.
3.3.2

Assessment procedure

3.3.2.1 Quantification
The evaluation guide presents the methodologies that should be used by the assessor in order to
quantify the performance of the building at level of each sustainability indicator.
At the level of the environmental parameters, SBToolPT uses the same environmental categories that are declared in the Environmental Product Declarations. At the moment, there are limitations with this approach due to the small number of available EPD. Therefore the authors of
the methodology decided to develop a Life-cycle Assessment (LCA) database that covers many
of the building technologies conventionally used in buildings (Bragança et al, 2008b). Nevertheless, since the LCA did not cover all building technologies used in the assessed building, in this
study was necessary to use one external LCA tool (SimaPro).
At the level of the societal performance, the evaluation guide presents the analytical methods
that should be used to quantify the parameters.
The economical performance is based in the market value of the dwellings and in their operation costs (costs related to water and energy consumption).
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Table 3.1. List of categories and sustainability indicators of the SBToolPT methodology.
Dimension Categories
Sustainability indicators
EnvironC1 – Climate change and
P1 – Construction materials’ embodied environmental
ment
outdoor air quality
impact
C2 – Land use and biodiversity

C3 – Energy efficiency
C4 – Materials and waste
management

C5 – Water efficiency
Society

C6 – Occupant’s health
and comfort

C7 – Accessibilities

Economy

C8 – Awareness and education for sustainability
C9 – Life-cycle costs

P2 - Urban density
P3 – Water permeability of the development
P4 - Use of pre-developed land
P5 – Use of local flora
P6 – Heat-island effect
P7 – Primary energy
P8 – In-situ energy production from renewable
P9 – Materials and products reused
P10 – Use of materials with recycled contend
P11 – Use of certified organic materials
P12 – Use of cement substitutes in concrete
P13 – Waste management during operation
P14 – Fresh water consumption
P15 – Reuse of grey and rainwater
P16 – Natural ventilation efficiency
P17 – Toxicity of finishing
P18 – Thermal comfort
P19 – Lighting comfort
P20 – Acoustic comfort
P21 – Accessibility to public transportations
P22 – Accessibility to urban amenities
P23 – Education of occupants
P24 – Capital cost
P25 – Operation cost

List of performance indicators supported in a assessment guide
Environment

Societal

Economy

Benchmarks

Quantification

Building in
study

Normalization
Aggregation
Global Assessment
(Sustainable Score)
Figure 3.3. Framework of the SBToolPT methodology.

3.3.2.2 Normalization and aggregation of parameters
The objective of the normalization is to avoid the scale effects in the aggregation of parameters
inside each indicator and to solve the problem that some parameters are of the type “higher is
better” and others “lower is better”. Normalization uses the Diaz-Balteiro et al. (2004) equation
(Equation 3.1).
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(3.1)

In this equation, Pi is the value of ith parameter. P*i and P*i are the best and worst value of the ith
sustainable parameter. The best value of a parameter represents the best practice and the worst
value represents the standard practice or the minimum legal requirement.
Normalization in addition to turning dimensionless the value of the parameters considered in
the assessment, converts the values between best and conventional practices into a scale
bounded between 0 (worst value) and 1 (best value). This equation is valid for both situations:
“higher is better” and “lower is better”.
In order to facilitate the interpretation of results, the normalized values of each parameter are
converted in a graded scale, as presented in Table 3.2.
Table 3.2. Conversion of the quantitative normalized parameters into a qualitative graded scale.
Grade
Values
A+ (Above best practice)
Pi > 1,00
A
0,70 < Pi ≤ 1,00
B
0,40 < Pi ≤ 0,70
C
0,10 < Pi ≤ 0,40
D (Conventional practice)
0,00 < Pi ≤ 0,10
E (Bellow conventional)
Pi ≤ 0,00

The aggregation consists on a weighted average of the indicators into categories and the categories into dimensions in order to obtain three single indicators. These three values are obtained
using the equation (3.2) and the final result gives the performance of the building at the level of
each sustainability dimension.
n

I j = ∑ w i .Pi

(3.2)

i =1

The indicator Ij is the result of the weighting average of all the normalized parameters Pi . wi is
the weight of the ith parameter. The sum of all weights must be equal to 1.
In the definition of the environmental indicators’ weights the methodology uses the US Environmental Protection Agency’s Science Advisory Board study (TRACI) and the societal
weights are base on studies that were carried out in the Portuguese population (Bragança et al,
2008a).
3.3.2.3 Global assessment and labelling
The last step of the methodology is to calculate the sustainable score (SS). The SS is a single index that represents the global sustainability performance of the building, and it is evaluated using the equation (3.3).

SS = w E xI E + WS xI S + WC xI C

(3.3)

Where, SS is the sustainability score, Ii is the performance at the level of the dimension i and wj
is the weight of the dimension jth.
Table 3.3 presents the weight of each sustainable solution in the assessment of the global performance.
Table 3.3. Weight of each sustainability dimension on the methodology SBToolPT – H.
Dimension
Weight (%)
40
Environmental
Societal
30
Economy
30
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Normally, the majority of the stakeholders would like to see a single, graded scale measure representing the overall building score. Such score should be easily for building occupants to understand and interpret but also one which clients, designers and other stakeholders can work
with. However, due to the possible compensation between categories, in the SBToolPT approach
the global performance of a building is not communicated using only the overall score. The performance of a building is measured against each category, sustainable dimension and global
score (sustainable score) and is ranked on a scale from A+ to E
3.3.3

Case study

3.3.3.1 Description of the building
The case-study for Building Sustainability Assessment Methodology SBToolPT is a multifamily
cooperative housing building block that is the Portuguese pilot -project of the European Program “SHE: Sustainable Housing in Europe” (http://www.she.coop).
The Portuguese pilot project was the second phase of the Ponte da Pedra housing state that
was built in the municipality of Matosinhos, Northern Portugal (Figure 3.2). It is a multifamily
social housing project, which promoter is NORBICETA - União de Cooperativas de Habitação,
U.C.R.L. This project has two building blocks, a footprint of 3105m2, a total gross area of
14.852m2 and 101 dwellings. It was co-sponsored by the project SHE and by the National Housing Institute (INH) and had the support of the FENACHE (national federation of social housing
cooperatives), FEUP (Faculty of Engineering of the University of Porto) and UM (University of
Minho). This project aimed to demonstrate the real feasibility of sustainable housing in Portugal
and it succeed since it proved the practical feasibility of building a residential building with
lower environmental impacts, higher comfort and lower life-cycle costs, when compared to a
conventional one.
During the design phase, the project team adopted a series of priorities in order to create a
sustainable affordable building block. The most important priorities were:
i)
To use pre-developed land: this housing state was built in an area that was occupied
by decayed industrial buildings (Figures 3.4 and 3.5). By contributing to the regeneration of the land and to the improvement of around urban area, this project had a
positive local impact. On the other hand, due to the fact of not using new land it will
contribute for the maintenance of local biodiversity;
ii)
Energy efficiency: the primary energy consumption is about 25% of the local’s conventional practice; it uses efficient lighting in public spaces; and solar collectors for
hot water (Figure 3.6);
iii)
Water efficiency: building is equipped with a rainwater harvesting system that guarantees at about 100% of the water supply for green areas and toilets (Figure 3.7); and
it is equipped with low water flow devices (Figures 3.8 and 3.9).
iv)
Improvement of the indoor air quality: all window frames are equipped with ventilation grids (Figure 3.10).
v)
Management of household waste: all kitchens are equipped with containers for each
of the four types of household solid waste (Figure 3.11); the outside containers are
located nearby the building’s entrance.
vi)
Controlled costs: compared to the first phase of the Ponte da Pedra housing state (that
have the same type of architecture but uses the conventional building technologies)
the construction cost was about 9% higher. The promoter assumed part of this higher
capital cost and the dwellings were sold at a price 5% higher than the first phase. According to the promoter, the turn-off of this higher capital cost will about 5 to 6 years.
Nevertheless, dwellings were sold at an average price that was 20% below the local’s
average market practice.
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Figure 3.4. General exterior view of the building
blocks.

Figure 3.5. Aspect of the local before the intervention.

Figure 3.6. Hot water solar collectors (thermodynamic system).

Figure 3.7. Rainwater tank (construction phase).

Figure 3.8. Low flow showers.

Figure 3.9. Double flush toilets (6/3 l).

Figure 3.10. Ventilation grids on window frames.

Figure 3.11. Containers for solid waste separation.

3.3.3.2 Assessment results
Table 3.4 presents the values obtained in the assessment of the performance at the level of each
sustainability category and dimension. Analysing the results it is possible to verify that all priorities adopted by the project team (described above) were recognised by the SBToolPT methodology and therefore almost all categories (except one) have a performance grade above the conventional practice. The analysed building is only worst than the conventional practice in the
category C1 “Climate change and outdoor air quality”. This situation results from the fact that
the building uses solid clay bricks on the exterior cladding (one material with greater embodied
environmental impacts than the conventionally used materials). In compensation, building is
above the best practice’s benchmarks at the level of three categories: C5 “Water efficiency”, C8
“Awareness and education for sustainability”, C9 “Life-cycle costs”. The good performance at
the level of the water efficiency is mainly influenced by the implementation of the rainwater
harvesting system; the good performance on category C8 is because all dwelling have a com-
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plete user manual that guides the inhabitants for the sustainable management of it; and the good
economy performance is quite dependable on the lower market price of the dwellings (20%
lower than average local’s market practice).
Table 3.4. Results obtained from the SBToolPT – H for each sustainability category and dimension.
Dimension
Performance
Performance
Weight Performance
Dimension
Category
(normalized value) (qualitative value)
(%)
(IA)
Environmental

Societal
Economy

C1
C2
C3
C4
C5
C6
C7
C8
C9

-0,20
0,56
0,72
0,10
1,03
0,60
0,74
1,13
1,20

E
B
A
D
A+
B
A
A+
A+

13
20
32
29
6
60
30
10
100

B

B
A+

Table 3.5 resumes the obtained results at the level of each dimension of the sustainable development and the global performance (Sustainable Score). According to the results this building
has an A grade, which means that it is considered the best practice in the Portuguese context.
Table 3.5. Results obtained from the SBToolPT – H for the global assessment.
Sustainable
Performance
Performance
Weight Score
Dimension
(normalized value) (qualitative value)
(%)
(SS)
Environmental
Societal
Economy

0,41
0,69
1,20

B
B
A+

40
30
30

A

Being this pilot-project nationally and internationally recognized has a good sustainability practice it is possible to conclude that the SBToolPT – H is well adapted to the Portuguese’s environmental, societal and economy contexts.
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3.4 DGNB CERTIFICATION SYSTEM
3.4.1

Framework

The DGNB Certification System was developed by the German Sustainable Building Council
(DGNB) to be used as a tool for the planning and evaluation of buildings in this comprehensive
perspective on quality. As a clearly arranged and easy to understand rating system, the DGNB
system covers all relevant topics of sustainable construction, and awards outstanding buildings
in the categories bronze, silver, and gold. Six subjects affect the evaluation: ecology, economy,
social-cultural and functional topics, techniques, processes, and location. The certificate demonstrates, in a quantifiable way, the positive effects of a building on the environment and on society.

Figure 3.12. Logo of the DGNB certification system.

The DGNB certificate is based on the concept of integral planning that sets, at an early stage,
the aims of sustainable construction. In this way, sustainable buildings can be designed based on
the current state of technology, – and they can communicate their quality with this new
certificate.
The basis for the system was developed on the building type “New Construction of Office
and Administration buildings”. On this basis, further systems for completely different building
types such as retail, industrial, educational and housing were developed and are ready to be used
and internationally adapted. In 2010 the DGNB will introduce certification systems for hotels,
existing building and interiors. In this section, the “New Construction Office and Administration” module, in the version 2008, is presented.
As a second-generation certification system, the label excels with a high degree of flexibility.
The basis of the evaluation, which was developed with a wide consensus, is a list of topics and
the criteria for sustainable construction that are included within that list. These criteria are
weighted differently, depending on the building type to be evaluated. Thus, each version of the
system, hence each building type, has its own evaluation matrix.
During the development of the certificate, 6 topics were defined, which with a total of 63 individual criteria, represent the relevant sectors of sustainable construction. The topics considered by the certificate are (Figure 3.13):
i)
Ecological Quality;
ii)
Economical Quality;
iii)
Socio-cultural and Functional Quality;
iv)
Technical Quality;
v)
Quality of the Process;
vi)
Quality of the Location.
During the testing of the system, the development of 14 criteria was postponed. Therefore, the
certification for “New Construction Office and Administration” in the version 2008 is based on
the following 49 criteria (Table 3.6). Forty three of these criteria evaluate the building’s quality.
Six separate criteria specify the quality of location.
3.4.2

Methodical principles of the certification system

The German Sustainable Building Certificate is a transparent and comprehensible rating system
that was developed based on real-world circumstances. It defines the quality of buildings in a
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comprehensive way, and enables auditors to conduct an evaluation systematically and independently.

Figure 3.13. Topics of the DGNB certification system.

3.4.2.1 Supporting software
User-friendly software supports the auditor with the documentation and evaluation process. The
software visualizes the capabilities of a building in a way that is concise and easy to understand.
Already during the planning process, it marks the influencing parameters were the building can
be optimized with regard to sustainability.
3.4.2.2 Flexibility
The basis for the system was developed on the building type “New Construction of Office and
Administration buildings”. On this basis, further systems for completely different building types
will be developed. As a second-generation certification system, the label excels with a high degree of flexibility. The basis of the evaluation, which was developed with a wide consensus, is a
list of topics and the criteria for sustainable construction that are included within that list. These
criteria are weighted differently, depending on the building type to be evaluated. Thus, each
version of the system, hence each building type, has its own evaluation matrix. An example is
the matrix for the evaluation of new office and administration buildings on Figure 3.14.
On this basis, the German Sustainable Building Certificate can be adapted, in a practicable
way, to the individual requirements of different building types. Similarly, it can be adapted to
regional requirements or social developments, for example to the increasing importance of individual criteria like indoor air quality or CO2-emissions of a building. The strength of the system
is also based on the involvement, from the beginning, of interested parties during the development of new variations. A supplementary commenting procedure ensures that the requirements
of the construction and real estate sector are systematically queried and included into the system.
3.4.2.3 Aggregation
The topics are weighted differently in the overall assessment of the building, depending on their
relevance. The economical, ecological, socio-cultural and functional quality have the same
weighting (22.5% each). Process Quality is weighted with 10% and the quality of the location is
not included in the final grade but is presented separately.
Each topic is divided into several criteria. For instance, the energy consumption, acoustical
quality, or land consumption are considered for the evaluation of a building. For each criterion,
measurable target values are defined, and a maximum of 10 points can be assigned. The measuring methods for each criterion are clearly defined.
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Table 3.6. List of criteria of the DGNB certification system
Main Criteria Group
Criteria Group
Criterion
Ecological Quality
01 - Global Warming Potential
Impacts on global
and local environ02 - Ozone Depletion Potential
ment
03 - Photochemical Ozone Creation Potential

Utilization of resources and waste
arising

Economical Quality

Life-cycle costs

Socio-cultural and Functional Quality

Performance, health,
comfort and user satisfaction

Functionality

Technical Quality

Quality of the techni cal
implementation

Quality of the Process

Quality of the
planning

Quality of the construction activities

04 - Acidification Potential
05 - Eutrophication Potential
06 - Risks to the Regional Environment
08 - Other Impacts on the Global Environment
09 - Microclimate
10 - Non-renewable primary energy demands
11 - Total primary energy demands and proportion of renewable primary energy
14 - Potable water consumption and sewage generation
15 - Surface area usage
16 - Building-related life cycle costs
17 - Value stability
18 - Thermal comfort in the winter
19 - Thermal comfort in the summer
20 - Indoor Hygiene
21 - Acoustical comfort
22 - Visual comfort
23 - Influences by users
24 - Roof design
25 - Safety and risks of failure
26 - Barrier free accessibility
27 - Area efficiency
28 - Feasibility of conversion
29 - Accessibility
30 - Bicycle comfort
31 - Assurance of the quality of the design and for
urban development for competition
32 - Art within Architecture
33 - Fire protection
34 - Noise protection
35 - Energetic and moisture proofing quality of
the building's Shell
40 - Ease of Cleaning and Maintenance of the
Structure
42 - Ease of deconstruction, recycling and dismantling
43 - Quality of the project's preparation
44 - Integrated planning
45 - Optimization and complexity of the approach
to planning
46 - Evidence of sustainability considerations
during bid invitation and awarding
47 - Establishment of preconditions for optimized
use and operation
48 - Construction site, construction phase
49 - Quality of executing companies, prequalifications
50 - Quality assurance of the construction
activities
51 - Systematic commissioning
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Table 3.6 (cont.). List of criteria of the DGNB certification system
Main Criteria Group
Quality of the Location
( Location is presented
separately, and is not included in the overall
grade of the object)

Criteria Group

Criterion
56 - Risks at the micro location
57 - Circumstances at the micro location
58 - Image and condition of the location and
neighbourhood
59 - Connection to transportation
60 - Vicinity to usage-specific facilities
61 - Adjoining media, infrastructure development

At the same time, each criterion has a weighting factor: it can flow threefold into the evaluation
of its respective topic. This way, for instance, the energy consumption of an office building is of
more importance than the acoustical comfort. The weighting factor can also be zero – the consideration of motorway bridges does not require the criteria for indoor air quality.
3.4.2.4 Evaluation
Each criterion can be assigned a maximum of 10 points, depending on the documented or calculated quality. All criteria are weighted with a factor from 0 to 3, because individual criteria are
treated as either more or less relevant. The evaluation matrix on Figure 3.14 shows the structure
of the system. The degree of compliance with the requirements of the certification is calculated
in accordance with the evaluation matrix. From a total degree of compliance of:
i)
50 to 64,9 % - the bronze certificate is awarded;
ii)
65 to 79,9% - silver;
iii)
Above 80 % - gold.
Alternatively, the total degree of compliance is indicated by a total degree of compliance of:
i)
95% corresponds to grade 1,0;
ii)
80% corresponds to 1,5;
iii)
65% corresponds to 2,0;
iv)
50% corresponds to 3,0;
v)
35% corresponds to 4,0;
vi)
20% corresponds to 5,0.
3.4.2.5 Presentation of results
Each criterion influences the overall result in a clearly differentiated way. A software-supported
computation displays the building’s performance: by reaching a set degree of performance, it is
assigned the bronze, silver, or gold award. Furthermore, grades are given for the total performance of the building as well as for the individual topics. Figure 3.15. shows the assessment output. This output shows the performance of an entire building in a glance since the softwaregenerated evaluation diagram summarizes the results of the topics and individual criteria.

Figure 3.15. Assessment output of the DGNB certification system for a hypothetical case study.
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Figure 3.14. Example of an evaluation matrix for a building that was awarded with a Gold certificate.
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3.5 ERB TOOL
3.5.1

Framework

A number of voluntary environmental assessment methods have been developed since mid1990. During recent years the interest in, and use of, such methods has greatly increased. Most
countries now have access to assessment tools, either their own or internationally applied tools
with different characters.
The first tools developed, such as BREEAM and GBTool (later SBTool), were rather limited
regarding their content but over time the methods have been increasingly extended to incorporate indicators regarded as measuring the ‘sustainability’ of buildings in one way or another.
Life Cycle Assessment (LCA) has also been introduced into some methods, but so far has not
achieved any wider use because of its complexity and a lack of basic data.
In 2005, a broad research group in Sweden published a comprehensive building assessment
method called EcoEffect that included all environmental factors with a potential impact on people and the environment. The method used LCA for assessment of building materials and energy use. At that time environmental assessment of buildings was not acknowledged as it is today. For people who were not familiar with this kind of assessment it looked complex and the
market had not yet conceded the need to spend considerable amounts of money on building labelling.
In 2005 the question was raised in Sweden as to whether this complexity and the associated
relatively high assessment costs were necessary to meet the target of utilising market forces to
encourage developers to voluntarily build more environmentally benign buildings. This discussion was accentuated by the fact that the terms ‘green building’ and ‘sustainable building’ were
unclearly defined and subsequently interpreted differently in different methods and countries.
Furthermore, it became clear that it might be fruitful to distinguish between a tool for environmental analysis of buildings and a tool for environmental rating of buildings. An analysis
tool can be more complex and suitable for professionals and academic purposes, while a rating
tool has to be more understandable and suitable for market communication. An analysis tool
must be strong in the area of calculating environmental impact, while the rating tool has to focus
more on assessment efficiency, environmental trends and building technology.
Such considerations led to the development of a rating tool that would:
i)
Restrict the number of indicators as much as possible
ii)
Find easy ways to assess indicators and thereby keep costs low and attract wider attention
iii)
Avoid weighting, which creates an ambiguity that afflicts most previous systems.
In addition, it was concluded that it would be simpler in the future to add an indicator, if
needed, rather than to remove an in-built indicator because it was found to be less significant.
This new tool was simply called Environmental Rating of Buildings (ERB).
A brief outline of the ERB tool is presented below. A more comprehensive description of the
development process and comparisons with tools from other countries are given in Malmqvist et
al. (2009). The tool manuals and background reports shown in the reference list are currently
only available in Swedish, however.
3.5.1.1 System layout
The target tool limitations led to the decision to:
i)
Only assess the building (site and surroundings omitted).
ii)
Mainly assess performance (procedures and features omitted).
iii)
Focus on the areas of energy, indoor environment and hazardous substances.
iv)
A high rated building should also have satisfied users.
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With these general goals, the main structure of the system became:
ENERGY
Energy use
Energy demand
Energy source

INDOOR ENVIRONMENT
Sound environment
Air quality
Thermal climate
Daylight
Moisture
Legionella risk

MATERIALS & CHEMICALS
Elimination
Avoidance

Figure 3.15.1 General lay-out of the ERB tool.

The first edition of ERB is designed for houses and offices. There is one version for new buildings and one for existing buildings. New buildings have to verify their anticipated performance
within two years of use. Assessment of existing buildings and verification of new buildings includes a user questionnaire regarding the indoor environment.
ERB has a three-level ranking system. Each indicator is given a score classified BRONZE,
SILVER or GOLD. These are aggregated to a rating for the whole building.

Area

Aspect

Indicator
Figure 3.15.2 Ranking system of ERB. Indicators are given scores which are aggregated to scores for aspects, then areas and at last an overall score(rating) for the whole building.

Most indicators have one simple and one more sophisticated way to make the assessment. The
simplified assessment is to encourage non-specialists to make the assessment themselves. It is
somewhat more difficult to achieve a good rating with the simplified assessment. A brief description of the aims of the indicators and how they are measured is given below.
3.5.2

Assessment procedure

The indicators are presented one by one in Table 3.7.
3.5.2.1 Aggregation
To arrive at a rating for the whole building, aggregation is necessary. However, the weightings
applied in most rating tools are based on opinions, for example questionnaires to stakeholders or
environmental experts. This becomes quite subjective.
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Table 3.7. List of indicators of the ERB Tool.
Issues

Indicators

Aim

Measure

Energy

Energy use

To reward low energy use.

kWh/m2,yr according to the
Swedish interpretation of the
(EU) European Energy Performance of Buildings Directive
(EPBD). This measure is based
on energy bills and is thus affected both by the building design and the users’ behaviour.
Electricity use by tenants is not
included mainly because it is
paid for by the tenants and data
on the amounts are normally not
available.
Heating power needed to cover
transmission and ventilation
losses when dimensioning winter temperature.
Maximum solar heat load
through windows in summer.

Energy
a) winter

demand:

Energy demand:
b) summer
Energy source

Indoor
environment

Acoustic
environment

Indoor air quality:
a) Radon
Indoor air quality:
b) Ventilation
Indoor air quality:
c) Traffic pollution
Moisture prevention

To reward buildings with
low mean U-value and high
heat exchange rate in ventilation.
To reward buildings with
low or no cooling demand
in summer.
To reward use of abundant
energy (solar, wind water)
in particular and use of biofuels.
To reward buildings where
users are not disturbed by
noise (from traffic, installations,
appliances,
neighbours, etc.).
To reward buildings with
low radon content indoors
To reward good supply of
outdoor air.
To reward buildings with
low traffic-related pollution
in the indoor air
To reward buildings without moisture impairments
and with moisture preventing constructions.

Thermal climate:
a) Winter

To reward buildings with
low risk of thermal discomfort during winter.

Thermal climate:
b) Summer

To reward buildings with
low risk of thermal discomfort during summer.

To reward buildings with
good internal daylight.
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Fractions of energy sources
used (tenant electricity is included with figures from bills or
as default values).
New buildings: Sound class.
Existing building and verification: Subjective assessment and
user questionnaire.
Becquerel content in the indoor
air (Bq/m3)
Air change rate and facilities to
increase it. User questionnaire.
When close to roads with heavy
traffic, monitoring of N2O content (µg/m3)
New buildings: Follow certain
guidelines and employ a moisture prevention expert.
Existing buildings: Inspection
by a moisture prevention expert.
Simplified – a factor based on
size and U-value for windows.
Sophisticated: Simulation of
operative temperatures. User
questionnaire.
Simplified – a factor based on
size and solar transmission for
windows. Sophisticated: Simulation of operative temperatures.
User questionnaire.
Simplified: Window area by
floor area. Sophisticated: Calculation of daylight factors.
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Table 3.7 (cont.). List of indicators of the ERB Tool.
Risk of legionella
Indoor
To reward buildings with
environment
low risk of legionella in tap
(cont.)
water systems.
Hazardous materials: Existing buildings: To reMaterials
a) Elimination
and
ward investigation and
chemicals
elimination of hazardous
materials. New buildings:
To reward documentation
of constituent materials and
their composition

Hazardous materials:
b) Avoidance
(only new constructions)

To reward the avoidance of
building materials with hazardous properties.

Cold and hot water temperatures
Existing buildings: Investigation and elimination of certain
well-known hazardous materials, such as PCB, asbestos, lead,
etc. New buildings: Documentation of constituent materials in
the building envelope and the
structure, including amounts,
place and composition – a digitalised logbook.
Checks that no hazardous substances above certain limits
have been incorporated according to the digitalised logbook
(limits according to the Swedish
Chemicals Agency).

Furthermore, in most assessment tools poor scores in one area can be compensated for by higher
scores in another. This might encourage clients to look for indicators that are cheapest to assess
to compensate for poor scores, reducing the environmental ambition. It also means that even
high rated buildings may have serious drawbacks on some issues. The aims when developing
aggregation in ERB were that:
i)
Any building with a high environmental rating should not have serious deficiencies
in any area.
ii)
Subjective weighting is avoided.
These targets led to an aggregation system based on the premise that any poor score has an
impact on the final rating, i.e. poor scores persist throughout the aggregation process. This is
very demanding, but guarantees that a high rated building has no serious drawbacks. However,
to make it slightly easier to achieve a good building rating, this principle was slightly softened
at the mid-level of the aggregation, as shown in Table 3.8.
Table 3.8. Aggregation process for ERB
Aggregation from indicator to aspect
Aggregation from aspect to area

Aggregation from area to building rating

Lowest score is received
One step higher score than the lowest is received if at
least 50% of the scores are higher than the lowest
Lowest score is received

This means that a building can get a rating that is at most one level higher than the lowest score
on any issue, i.e. when aiming for GOLD, no individual score can be below SILVER, or when
aiming for SILVER no individual score can be below BRONZE, etc. This system always encourages the client to improve the weak properties of the building. Figure 3.16 shows an example of aggregation.
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Building Area

Class

Aspect

Class

Indicator

Class

Energy use

GOLD Bought energy
GOLD
Heat loss number
SILVER
Energy
GOLD Energy need
SILVER
Solar heat load
GOLD
Energy source GOLD Fraction of energy carriers
GOLD
Noise
GOLD Noise
GOLD
Radon
GOLD
GOLD
Air quality
GOLD Ventilation
N2O to indoor air
GOLD
SILVER Indoor envi- SILVER Moisture
SILVER Moisture prevention
SILVER
ronment
Thermal climate winter
GOLD
Thermal cliGOLD
mate
Thermal climate summer
GOLD
Daylight
BRONZE Daylight
BRONZE
Water
BRONZE Legionella
BRONZE
Documentation of materiDocumentation SILVER
SILVER
als and chemicals
Material &
SILVER
chemicals
Verification that hazardous
Verification
SILVER
SILVER
materials are not included
Figure 3.16 Example of the ERB aggregation process, including an overview of the tool. Example shown
is for a new building that received a SILVER rating.

3.5.2.2 Ways of making the assessment easier
To simplify assessment, especially for non-professionals, Excel spreadsheets have been developed for:
i)
Aggregation
ii)
Ventilation and transmission losses in winter
Energy source rating, including fuel ratios of all Swedish district heating systems.
3.5.3

Case study

The system with all its necessary manuals, committees, assessment processes including independent auditors, assessment taxes, etc. was finalised this year (2010). Before summer three
buildings had been awarded their final rating, nine had been audited and a number had started
the process. Some major building owners’ organisations have decided to urge their members to
classify their buildings according to ERB. To illustrate the wide span of applications of the ERB
tool, the assessments for two buildings are shown below, one large office building and one single family house.
3.5.3.1 Office building: Hagaporten 3, Stockholm
Assessed as an existing building
Year of construction: 2008
Office area:
30 000 m2
Owner:
Skanska Fastigheter Stockholm AB
Architect:
Strategisk arkitektur
Building rating:
GOLD
Assessment approved: 30 April 2010
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Figure 3.17. External view of the of the Hagaporten 3 office building (case study).

Building Area

Class

Aspect

Class

Energy use

GOLD

Indicator

Bought energy
Heat loss number
Energy
GOLD Energy need
SILVER
Solar heat load
Energy source
GOLD Fraction of energy carriers
Noise
GOLD Noise
Radon
Air quality
SILVER Ventilation
N2O to indoor air
Indoor enviGOLD
SILVER Moisture prevention
GOLD Moisture
ronment
Thermal climate winter
Thermal climate
GOLD
Thermal climate summer
Daylight
GOLD Daylight
Water
GOLD Legionella
Documentation of materials
Documentation
GOLD
and chemicals
Materials &
GOLD
chemicals
Verification that hazardous
Verification
GOLD
materials are not included
Figure 3.18. Aggregation chart with indicator assessments of the Hagaporten 3 office building.

3.5.3.2 Single family house: Villa Trift 3.0, Lund
Assessed as a new building
Year of construction 2010
Living area:
132 m2
Owners:
Kiran & Krister Gerhardsson
Architect:
Pecan Studio
Building Rating:
SILVER
Assessment approved: 14 June 2010
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Class
GOLD
SILVER
SILVER
GOLD
GOLD
SILVER
GOLD
SILVER
SILVER
GOLD
GOLD
GOLD
GOLD
GOLD
GOLD
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Figure 3.19. External view of the of the Villa Trift single family house (case study).

Building Area

Class

Aspect

Class

Energy use

GOLD

Indicator

Class

Bought energy
GOLD
Heat loss number
SILVER
SILVER
Energy
GOLD Energy need
Solar heat load
GOLD
Fraction of energy carriEnergy source
GOLD
GOLD
ers
Noise
GOLD
Noise
GOLD
Radon
GOLD
Ventilation
GOLD
Air quality
GOLD
N2O to indoor air
GOLD
SILVER Indoor envi- SILVER Moisture
SILVER Moisture prevention
SILVER
ronment
Thermal climate winter
GOLD
Thermal climate
GOLD
Thermal climate summer GOLD
Daylight
BRONZE Daylight
BRONZE
Water
BRONZE Legionella
BRONZE
Documentation of mateDocumentation
SILVER
SILVER
rials and chemicals
Materials &
SILVER
Verification that hazardchemicals
Verification
SILVER ous materials are not in- SILVER
cluded
Figure 3.20. Aggregation chart with indicator assessments of the Villa Trift single family house.
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3.6 GREENCALC+ TOOL
3.6.1

Framework Greencalc+

Greencalc+ is a tool in which the various impacts on the environment are assessed. It measures
the sustainability of the built environment. The three main themes are material use, water use
and energy use. It expresses the result in a so-called environmental index (Milieu-index).
One of the main problems in these assessments usually is the aggregation and evaluation of
different impact categories. Greencalc tries to solve this problem by using a method called
“Monetarising”. Monetarising is the process of valuing the (hidden) costs of the environmental
effects. For this reason Greencalc+ expresses all the effects in a single, monetary, unit (€). The
use of the “Hidden Environmental Costs” solves this aggregation problem. Fig 3.21 shows
where the monetarisation takes place in the assessment process.

Figure 3.21. Greencalc+ method using Monetarisation

Greencalc can be seen in the light of the developments in sustainable building by several organizations. First known manuals and guidebooks were based on early experiments by individuals and starting organization. NIBE, in Dutch: “Nederlands Instituut voor Bouwbiologie en
Ecologie”, first developed lists with “environmental classifications of building materials” and
also SEV, “Sustainable housing”, provided recommendations for sustainable building. The development of Greencalc was the result of an increasing need for models to further assess the environmental quality of buildings. Greencalc was first developed to assess office buildings and is
later adapted to make it possible to assess other buildings as well, including housing.
Greencalc is now a tool that makes it possible to assess and compare the environmental impact of a building, (or even a neighbourhood).
3.6.2

Assessment procedure

In Greencalc a single number that expresses the sustainability level of the building, the MIG, (
in Dutch: “Milieu Index Gebouw” meaning “Environmental Building Index”) is calculated. Assessed are the Energy efficiency, the Water consumption, the Material use and possibly the Disturbances (nuisances).
The now latest version is called Greencalc+. It was developed by NIBE with DGMR consultants. The foundation SUREAC, “SUstainable Real Estate Accountancy & Certification” is now
responsible for and further use and development of Greencalc+.
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The assessment with Greencalc+ will result in a simple number mostly between 100 and 2000.
The higher the number, the better the resulting sustainability is assessed. The number 100 corresponds with an average building quality in the year 1990 (for the Dutch situation). The number
2000 (for now a far away goal that still lies in the future) means that a quality of the building is
assessed as 20 times the average building quality of 1990.
This goal of an increased building quality of 20 times the quality of 1990 was formulated to
be achieved over the following 50 years (calculated from early 1990). The main goal has been
formulated as a reduction of the environmental burden (or pressure) with a factor of 2. On the
basis of setting this goal, was the expectation that in 2050 the world population will have increased with a factor of 2 and that the average prosperity should have increased with a factor 5.
Furthermore the following simple Equation 3.4 was used:
B=NxPxE

(3.4)

in which,
B = environmental burden,
N = total Word population,
P = average Prosperity of a world citizen,
E = aggregated Environmental effects per unit of prosperity
In order to reduce B with a factor of 2, given the increase in population and prosperity, E should
reduce with a factor of 20: (½ = 2 x 5 x 1/20)
Most current best practice show at time of writing show results with scores of MIG of about
250 – 300, (which is still a remarkable long way off from the set goal in 2050: 2000). Best
scores so far have the Dutch project for TNT (score 632), Veenendaal and, number two,
Rijkswaterstaat building in Terneuzen (score 323).
Because it shows that apart from the building design also the operation of the building proves
extremely important in the resulting impacts, Greencalc+ also makes it possible to assess the use
and operation of a the building. This operation is expressed in the MIB, (operation building index)
For the Energy module the calculations are based on the Dutch Building Energy standards.
For the Materials module the product-database comes from the so- called TWIN-model (Haas
1997). This model differs from standard LCA damage assessment methods. The usual problem
with LCA calculations and other assessment methods and tools is that environmental impacts
and other sustainability effects are very difficult to aggregate. The use of weighting factors etc.
therefore becomes necessary. It becomes almost impossible to compare and evaluate environmental impacts because they all have very different effects and are all of a different nature and
are all calculated and expressed in different units.
As mentioned before, Greencalc solves this problem by using a method called “Monetarising”. Monetarising is the process of valuing the (hidden) costs of the environmental effects. It
expresses all the effects in a single, monetary, unit (€). The use of the “Hidden Environmental
Costs” solves the aggregation problem. The hidden environmental costs are defined as the costs
necessary to prevent (or undo) all negative environmental effects associated with the used process or material. These hidden costs are the cost resulting from the effects and damage caused by
using a particular process or material. These can be the costs necessary to prevent the damage or
the costs necessary for the repair of the damage to the environment.
3.6.3

Prevention costs

Greencalc chooses to use the prevention costs (rather than the cost necessary for repair). The
prevention of negative impacts and its associated costs however is far from easy. It still poses
many problems. The average user of the tool, architect, designer, client need not be bothered by
this, for the scientific reliability however it requires some discussion.
A major problem for example is to what level the prevention of impacts should be reduced. In
other words where lays the acceptable sustainability level of a given impact? What is for example a sustainable or acceptable level of CO2 concentration in our atmosphere? What is, resulting
from that acceptable concentration level an acceptable emission level or an acceptable reduction
level? Assumed that this sustainable emission level can be calculated, it is then assumed that the
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contributions to this reduction are then evenly divided, between for example transport related
CO2 and building material CO2, in line with the cost effectiveness of the measures (thus ignoring political or branch dependent effects). Furthermore it can be argued that small differences in
the accepted sustainability levels between different impacts can result in very different outcomes favouring some materials over others. See also figure 3.21
Another problem is calculating the costs of the prevention of this damage. For a large part,
these are virtual (future) measures (not yet in place). Greencalc tries to solve all these problems
in a clear and consistent way however. Still most of these cost calculations
calculations can only be followed
by experts. The method uses “cost effectiveness curves”, (expressing that the first measure for
reduction of impacts are relatively simple and low cost measures, whereas the last measures to
actually reach the required sustainability level involve more difficult and expensive measures).
Estimating these costs proves difficult and results show a wide range in the expected accuracy
of the chosen numbers. Furthermore it can be argued that (the development of) the cost effectiveness curves are likely to be subject to political decisions, allocation of research funds, market developments etc.. Also sometimes rather subjective assumptions seem unavoidable.

Figure 3.22 Using Cost effectiveness curves in calculating prevention costs (figure adapted from www.
Greencalc.com)

For further backgrounds on the methods of Monetarising as the basis for Greencalc+ is referred
to [NIBE 2002].
3.6.4

Design

However difficult perhaps the background, the use of one simple monetary unit give Greencalc+
strong advantages namely the ease of use and the easy way that simple results
results can be generated
and made visible. Because all the effects are expressed in Euro’s, it is very easy to aggregate
and compare the results. It makes the tool very useful already in an early design stage, for example assessing with the client the level of required sustainability or evaluating in an early stage
the effects of different measures.
One of its strong features is the wizard. In 5 simple steps a complete building (design) can be
assessed and with simple steps the effects and influence of changes/
changes/ improvements for alternatives can be made visible. The Greencalc Wizard makes it possible to assess a building within a
limited time span. The Tool generates results on different levels. It can show results on the level
of building elements, building products,
products, or on the level of energy, water and mobility. Results
are calculated in hidden environmental costs (euro’s). Like in a standard LCA method the numbers can never be used in an absolute way but the results are always shown in comparison with a
reference building. This reference building is given an index of 100. Then the final Building
Index of the assessed building, the MIG, is calculated using Equation 3.5.
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MIG = 100 x C ref/ C ass
C ref = environmental costs of a automatically generated reference building
C ass = environmental costs of assessed building

(3.5)

In the MIG the use and operation of the building can be included. (In order to compare the assessed building with a standard reference building, the program calculates a standard building
user which is generated for the reference building. It uses fixed numbers based on for example
standard working hours, standard m2 per user etc.)
The steps that are being followed are:
i)
Quantification of all effects
ii)
Monetarisation of the effects
iii)
Aggregation of effects and costs
iv)
Comparing with a reference projects
The way that the Monetarising process works is given below (The first four steps are similar
to a standard LCA approach):
i)
Determining the amounts of materials
ii)
Determining the involved substances
iii)
Classification and calculation of equivalent amounts (LCA) of
 Pollution: emissions (global warming potential, ozone layer depletion, humane
toxicity, eutrophication etc.)
 Exhaustion (depletion of fossil fuels, biotic and abiotic depletion
 Land use
 Disturbances, hinder due to stench, traffic noise, production noise, light and
probability of calamities are regarded.
iv)
Aggregation
v)
Monetarisation
vi)
Total effects
Also because these costs are subject to a constant changing market it is not clear what the accuracy of the values are at the time of calculating. How to compare buildings build under different market situations? If CO2 prevention or storage becomes less expensive than expected before, does this mean that the sustainability results improve without taking any actions towards
real improvement to our buildings?

Figure 3.23. TNT Veenendaal, Distribution centre in the Netherlands with currently the highest Greencalc
score (632)
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Figure 3.24. The way that the “Milieu Index” is expressed by Greencalc+

Figure 3.25. The electricity is generated by 300 PV panels on the roof
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3.7 METHODOLOGIES BREEAM AND LEED
3.7.1

Framework of BREEAM

The Building Research Establishment Environmental Assessment Method (REEAM) was created in 1990. Versions are updated regularly according to changing UK Building Regulations
and different versions have been created for different building types.
Categories of this assessment process are: Management; Health and Wellbeing; Energy;
Transport; Water; Material and Waste; Land use and Ecology; and Pollution.
For these areas, performance credits are awarded. According to the weightings of categories
credits are formed in order to produce a single overall score. The building is then rated on a
scale of: pass, good, very good, excellent or outstanding (Figure 3.26). Although this method
was initially developed for the United Kingdom’s context, there are nowadays some modules
that could be applied at the European level or in such a different context like the Middle East.

Figure 3.26. Framework of BREEAM methodology (source: BREEAM, 2009).

3.7.1.1 Indicators
The number and type of issues varies from building type. Table 3.9 presents the categories and
the criteria of the BREEAM methodology for Europe. This approach has 9 categories and 70
criteria.
3.7.1.2 Aggregation
Rather than using an aggregation method, this methodology is based in a system of credits.
Credits are awarded according to the conditions that are fulfilled. Nevertheless, issues of major
importance have higher credits.
Since this approach could be used in the Middle East, the system of credits was adjusted in
order to consider the local environmental, social and economy context. Table 3.10 presents the
weight of the main categories of the BREEAM Europe and compares it to the ones of the
BREEAM Gulf.
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Table 3.9. List of categories and issues of the BREEAM Europe method (BREEAM, 2009)
Main Categories

Issues

1. Management

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

2. Health & Wellbeing

3. Energy

4. Transport

5. Water

6. Materials

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.

Commissioning
Considerate constructors
Construction site impacts
Building user guide
Life cycle costing
Daylighting
View out
Glare control
High frequency lighting
Internal and external lighting levels
Lighting zones and controls
Potential for natural ventilation
Indoor air quality
Volatile organic compounds
Thermal comfort
Thermal zoning
Microbial contamination
Acoustic performance
Office space (issue not assessed in the offices scheme)
Reduction of CO2 emissions
Sub-metering of substantial energy uses
Sub metering of high energy load and tenancy areas
External lighting
Low or zero carbon technologies
Building fabric performance & avoidance of air infiltration
Cold storage
Lifts
Escalators & travelling walkways
Provision of public transport
Proximity to amenities
Cyclist facilities
Pedestrian and cyclist safety
Travel plan
Maximum car parking capacity
Travel information point
Deliveries and manoeuvring
Water consumption
Water Meter
Major leak detection
Sanitary supply shut-off
Water recycling
Irrigation systems
Vehicle wash
Materials specification (major building elements)
Hard landscaping and boundary protection
Reuse of building façade
Reuse of building structure
Responsible sourcing of materials
Reuse of building façade
Insulation
Designing for robustness
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Table 3.9 (cont.). List of categories and issues of the BREEAM Europe method (BREEAM, 2009)
Main Categories
6. Materials

7. Waste

8. Land Use and Ecology

9. Pollution

Issues
52. Materials specification (major building elements)
53. Hard landscaping and boundary protection
54. Reuse of building façade
55. Reuse of building structure
56. Responsible sourcing of materials
57. Reuse of building façade
58. Insulation
59. Designing for robustness
60. Construction Site Waste Management
61. Recycled aggregates
62. Recyclable waste storage
63. Compactor / Baler
64. Composting
65. Floor finishes
66. Reuse of land
67. Contaminated land
68. Ecological value of site and Protection of ecological features
69. Impact on site ecology
70. Long term impact on biodiversity
71. Refrigerant GWP - Building services
72. Preventing refrigerant leaks
73. Refrigerant GWP - Cold storage
74. NOx emissions from heating source
75. Flood risk
76. Minimising watercourse pollution
77. Reduction of night time light pollution
78. Noise attenuation

Table 3.10. List of categories and weightings
(BREEAM, 2009)
Category
BREEAM
Europe (%)
Management
12
Health and wellbeing
15
Energy
19
Transport
8
Water
6
Materials
12.5
Waste
7.5
Land use & ecology
10
Pollution
10

3.7.2

of BREEAM Europe and BREEAM Gulf methods
BREEAM
Gulf (%)
8
15
13
6
30
9
5
7
7

Framework of LEED

The Leadership in Energy and Environmental Design (LEED) was developed by the United
Stated Green Building Council (USGBC). This is a voluntary process that can be applied to any
building type.
LEED produces a whole-building approach for sustainability issues according to performance
criteria in key areas. According to the weightings of categories, credits are formed in order to
produce a single overall score. The building is then rated on a scale of: Certified (40 + points);
Silver (50 + points); Gold (60 + points); and Platinum (80 + points).
This method in the 2009 version uses the U.S. Environmental Protection Agency’s TRACI
environmental impact categories as the basis for weighting each credit.
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TRACI is a computer software tool developed by the U.S. EPA to assist with impact assessment
for Life Cycle Assessment, Industrial Ecology, Process Design, and Pollution Prevention. The
TRACI categories were selected because they represent a comprehensive, currently available
complement to LEED which is appropriate for the North American building market. This environmental method was developed to assist with impact evaluation for life-cycle assessment, industrial ecology, process design, and pollution prevention. Figure 3.22 present the framework of
the TRACI Tool and Figure 3.23 shows how the results are integrated in the LEED 2009 assessments.

Figure 3.27. Framework of the TRACI Tool (Source: USGBC, 2009a).

Figure 3.28. The use of the results from TRACI in the LEED 2009 (source: Gregory, 2007).

LEED 2009 also takes into consideration the weightings developed by the National Institute of
Standards and Technology (NIST); these compare impact categories with one another and assign a relative weight to each.
Together, the two above mentioned approaches provided a more objective foundation for determining the point value of each credit in LEED 2009.
3.7.2.1 Indicators
In LEED there are different tools for different building types. Additionally there are specific
tools for each life-cycle stage that is intended to be assessed. Accordingly the list of indicators is
different from tool to tool and Table 3.11 lists the categories, pre-requisites and sustainability
indicators of LEED 2009 for New Construction and Major Renovations Projects.
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Table 3.11. List of categories, pre-requisites and indicators of LEED 2009 for New Construction and Major Renovations Projects (USGBC, 2009b)
Categories
Pre-requisites
Criteria
1. Sustainable sites
Construction Activity Pollu1.Site Selection
tion Prevention Required
2.Development Density and Community

2. Water Efficiency

Water Use Reduction Required

3. Energy and atmosphere

1.

4. Materials and Resources

Fundamental Commissioning of Building Energy Systems Required
2. Minimum Energy Performance Required
3. Fundamental Refrigerant
Management Required
Storage and Collection of
Recyclables Required

85

Connectivity
3.Brownfield Redevelopment
4.Alternative Transportation
4.1 Public Transportation Access
4.2 Bicycle Storage and Changing
Rooms
4.3 Low-Emitting and Fuel-Efficient
Vehicles
4.4 Parking Capacity
5.Site Development
5.1 Protect or Restore Habitat
5.2 Maximize Open Space
6.Storm water Design
6.1 Quantity Control
6.2 Quality Control
7.Heat island effect
7.1 Non-roof
7.2 Roof
8.Light Pollution Reduction
9.Water Efficient Landscaping View out
10.I innovative Wastewater Technologies
11.Water Use Reduction
12.Optimize Energy Performance
13.On-site Renewable Energy
14.Enhanced Commissioning
15.Enhanced Refrigerant Management
16.Measurement and Verification
17.Green Power
1.

Building Reuse
18.1 Maintain Existing Walls, Floors
and Roof
18.2 Maintain Existing Interior Nonstructural Elements
2.Construction Waste Management
3.Materials Reuse
4.Recycled Content
5.Regional Materials
6.Rapidly Renewable Materials
7.Certified Wood
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Table 3.11 (cont.). List of categories, pre-requisites and indicators of LEED 2009 for New Construction
and Major Renovations Projects (USGBC, 2009b)
Categories
Pre-requisites
Criteria
5. Indoor Environ1. Minimum Indoor Air
8.Outdoor Air Delivery Monitoring
mental Quality
Quality Performance Re9.Increased Ventilation
quired
10.Construction Indoor Air Quality Man2. Environmental Tobacco
agement Plan
Smoke (ETS) Control
27.1 During Construction
Required
27.2 Before Occupancy
11.Low-Emitting Materials
28.1 Adhesives and Sealants
28.2 Paints and Coatings
28.3 Flooring Systems
28.4 Composite Wood and Agrifiber
Products
12.Indoor Chemical and Pollutant Source
Control
13.Controllability of Systems
30.1 Lighting
30.2 Thermal Comfort
14.Thermal Comfort
14.1. Design
14.2. Verification
15.Daylight and Views
32.1 Daylight
32.2 Views
6. Innovation in de16.Innovation in Design
sign
17.LEED Accredited Professional
7. Regional Priority
18.Regional Priority

3.7.2.2 Aggregation
Rather than using an aggregation method, this methodology is based in a system of credits.
Credits are awarded according to the conditions that are fulfilled. As in BREEAM, issues of major importance have higher credits. The weight of each category in the overall performance varies depends on the building type under assessment. Table 3.12 presents the weight of the main
categories of LEED 2009 according to the type of project.
3.7.3

Comparison between BREEAM and LEED

BREEAM and LEED are the two most used worldwide sustainability certification schemes.
Therefore there is a lot of published data showing the pros and cons of the two approaches. Table 3.13 presents a summary of the main details and differences of the two schemes. Figure 3.29
summarizes the differences at the level of the main sustainability categories and the importance
of each in the overall score.
Table 3.12 presents the coverage of the key-issues on sustainable building by the two
schemes. The presented key-issues are those that are normally considered relevant, at international level, in a sustainability assessment and certification methodology.
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Table 3.12. Weight of the main categories of LEED 2009 according to the type of project.

(USGBC, 2009a)
Main categories

Weights according to the type of project (%)
Schools

1.
2.
3.
4.
5.
6.
7.

Sustainable sites
Water efficiency
Energy and atmosphere
Energy and atmosphere
Indoor environ. quality
Innovation in design
Regional priority

24
11
33
14
19
6
4

Commercial
21
11
37
14
17
6
4

Existing
buildings
26
14
35
10
15
6
4

New construction
26
10
35
14
15
6
4

Core &
shell
28
10
37
13
12
6
4

Table 3.13. Main details and differences of LEED and BREEAM International
Field
Scheme
LEED
BREEAM International
Organization
USGBC
BRE
Start date
1998
1990
Inspector
USGBC
Authorized assessors
Experts

LEED accredited professionals

BREEAM assessors

Levels of certification

Certificate/Silver/Gold/Platinum

Pass/Good/Very
Good/Excellent/Outstanding

Certificate fees

$ 2.250 - $ 22.500 + Consultant*
(if the building can get platinum
then the fee for the certificate
taken back)
$ 220 – Credit explanation request
$ 500 – Objection to the score
If it is necessary

£ 1500 + assessor + consultant
(voluntary)

One type certificate after the construction

Two different certificates Design
and After Construction

Reference documents
Regulations
Weights

$ 200 fee (open to public)
American ASHRAE standards
Independent from the context.
Calculated credits of LEED are
linked to the US Dollar (especially the energy credits).

Open for only assessors
European and UK legislation.
Varies accordingly to the context
(e.g. in BREEAM Gulf, water is a
key-issue – rather than in energy
in the standard UK schemes)

Special buildings

----

If there a building does not fit
neatly into one of the existing
schemes, by the help of
BREEAM Bespoke BRE can develop assessment criteria specially tailored to a building.

Other Fees
Revision of the indicators
and criteria
Certificate types
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Figure 3.29. Sustainability categories and the importance of each in the overall score. (source: Saunders,
2008).
Table 3.14. Coverage of key-areas on sustainable building by LEED and BREEAM International (Ding,
2008)
Key-areas on sustainable building
Issues covered
LEED
BREEAM
GENERAL


Energy Saving

Preparation of building usage guideline


Re-use of land or rehabitated land use


Enough space for recycling of waste

Maximization of green areas

Decreasing the heat islands
ELECTRO MECHANICAL SYSTEMS


Commissioning ( Automatic activation)

Minimizing lighting level


Comfort components for lighting


Fresh air level


Thermal comfort components


Observation of energy consumption


Decreasing the lighting dirtiness

Encouraging the use of renewable energy in the field
WATER USAGE SAVINGS


Usage of water saving equipment

Leaking sensors

Landscape design with water saving plans


Observation of water usage
ENVIROMENTAL POLLUTION

Calculations for reducing CO2 emissions


Preventing the pollution during construction

Calculating the ecological value of the land


Reducing the heat carrying fluid impacts for ozone layer

Reducing the emissions of NOX

Reducing the impacts of insulation layers to global warming


Reducing the risk of torrent
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Table 3.14 (cont.). Coverage of key-areas on sustainable building by LEED and BREEAM International
Key-issues on sustainable building
Issues covered
MATERIAL
Sustainable material selection
Recycled material choice
Re-use of building skeleton and shell
Regional material selection
HUMAN HEALTH AND PROSPERITY
Acoustic Performance
Low volatile component material use
Day light and dazzling applications
High frequency lighting
Preventing the interior air pollution

LEED

BREEAM
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3.8 METHODOLOGY CASBEE
3.8.1

Background

Comprehensive Assessment System for Built Environment Efficiency (CASBEE) is an assessment tool which is based on the environmental performance of buildings. In Japan, a joint project of industrial, governmental and academic was initiated by being supported by the Housing
Bureau, Ministry of Land, Infrastructure, Transport and Tourism (MLIT), in April 2001. This
led to the establishment of a new organization, the Japan Green Building Council (JaGBC)/ Japan Sustainable Building Consortium (JSBC) and its secretariat administered by the Institute for
Building Environment and Energy Conservation (IBEC). Additionally for R&D of the Comprehensive Assessment System for Building Environmental Efficiency, JaGBC, JSBC and subcommittees are working together (IBEC, 2010a).
Since 2001, when the development procedure of CASBEE has been started, JaGBC/ JSBC is
working on development and updating the CASBEE systems with different tools, such as CASBEE for new construction, CASBEE for existing building, CASBEE for renovation, CASBEE
for heat island, CASBEE for urban development, CASBEE for an urban area + buildings,
CASBEE for home (detached house), and CASBEE property appraisal.
Development of CASBEE which is started from perception that a new system had to be
clearly based on the perspective of sustainability resulted as the concept of closed ecosystems
became important for determining environmental capacities while dealing with environmental
assessments. For this reason, a hypothetical enclosed space which is bounded by the borders of
the building site is proposed in this assessment system in making environmental assessments of
buildings. And the environmental loadings can have a definition as “the negative environmental
impact that extends outside to the public environment beyond the hypothetical enclosed space”.
And also the progress of environmental performance within the hypothetical enclosed space has
a definition as “the improvement in living amenities for building users” (IBEC, 2010b).
For CASBEE, Eco-Efficiency is defined as to enable the integrated assessment of two factors, inside and outside the building site. The original definition which is “values of products or
services”/ environmental load, modelled into another definition which is beneficial output/ “input + non-beneficial output”. Then the definition of BEE in CASBEE turned into “building environmental quality & performances”/ “building environmental loadings” (IBEC, 2010b).
CASBEE has a list of aims while being developed, which are defined below:
i)
The system should be designed to motivate high assessments to superior buildings,
thereby;
ii)
Enhancing incentives to designers and others;
iii)
It is aimed that the assessment system should be simple as possible;
iv)
It is aimed that the system should be applicable to building in a wide range of applications;
v)
It is estimated that the system should take into consideration issues and problems
special and important to Japan and Asia.
CASBEE is developed in a suitable position according to architectural design process, which
starts from the pre-design stage and continues through design and post design stages. This
method is composed of four assessment tools, serve at each stage of the design process and to
take care of the building life cycle, which are (IBEC, 2010c):
i)
CASBEE for pre-design(CASBEE-PD);
ii)
CASBEE for new construction(CASBEE-NC);
iii)
CASBEE for existing building(CASBEE-EB);
iv)
CASBEE for renovation(CASBEE-RN);
With the increasing BEE value, which BEE (Building Environmental Efficiency) is developed as a new indicator for assessment steps to follow the eco-efficiency concept; the total environmental performance of buildings is signed from the top performance level. Also CASBEE
family has other tools, such as CASBEE-HI (to alleviate the heat island effect) which is an extended tool, and CASBEE-UD (CASBEE for urban development) which is a new tool. The first
4 assessment tools correspond to the individual stages of the building’s lifecycle. Additionally,
some local authorities use CASBEE in their building administration as a reference for reporting
systems about their sustainable building subject. By this way, building owners can prepare a

90

Part I – Integrated Methods for Sustainable Constructions
______________________________________________________________________________________________________

document about their plans dealing with the environmental performance of their buildings to the
people who want to learn. In April 2004, first Nagoya presented “CASBEE Nagoya” and later
Osaka, Yokoama, Kyoto and other cities declared their intention about the use of CASBEE.
Nevertheless CASBEE tools will be in need of some modifications due to the local features,
such as climate, etc. (Endo et al, 2009).
While the World Business Council on Sustainable Development (WBCSD)
(www.wbcsb.org) indicates the principle about eco-efficiency as to get the max outcome in the
meaning economic value while putting the min effort about environmental impacts, the aim of
the CASBEE tools can be written as presented in Table 3.15 (Kibert, 2005).
Table 3.15. Aims of the four tools of the CASBEE system
Tool ID
Tool name
Aim
Tool-0
Pre-design Assessment Tool
It is for the use of owners and planners. It will
be used to identify the Project context, to select the suitable site, and to define the main
impact of the Project.
Tool-1
DfE(Design for the EnviIt will be helpful for designers and engineers
ronment) Tool
to make a simple check, while they are improving the Building Environmental Efficiency(BEE) during the design stage.
Tool-2
Eco-Labelling Tool
It will be used to give rating the building in
terms of BEE after construction has ended and
to define the basic feature value of the rated
building in the market.
Tool-3
Sustainable Operation and
It will be used to inform owners and managers
Renovation Tool
of the buildings about how to progress the
BEE of their building during operating the
building

3.8.2

Structure and assessment method

In this section the structure and assessment method of the CASBEE- NC (new constructions)
tool will be presented.
In the application of the system, the person who deals with the tool fills out two assessment
forms at each design stage which are the Main Sheet and the Score Sheet.
The assessment outcomes for each assessment items are named as scores for Q, which is for
“building environment quality & performance” and for LR which is for “reduction of building
environmental loadings on the score sheet”. LR is not representing only the L: Building Environmental Loading itself, but also represents the level of performance in minimizing building
environmental loadings imposed outside the hypothetical boundary.
The assessment procedure is based in a score sheet. This sheet is structures in two assessment
categories and six sections (Table 3.16). Scores are given according to the scoring criteria for
each assessment item. Scoring system is a five-level scoring system, where “3” defines an “average. In weighting, each assessment criteria is weighted to sum up to 1.0. The scores are multiplied by a weighting coefficient and results into SQ, which is the total score for Q, or SLR
which is the total score for LR.
Table 3.16. Main assessment categories and sections of the score sheet n the CASBEE system
Assessment categories
Section
Q-Building Environment Quality & Performance
Q-1 indoor environment
Q-2 quality of service
Q-3 outdoor environment on site
LR-Reduction of Building Environmental Loadings
LR-1 energy
LR-2 resources & materials
LR-3 off-site environment
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3.8.3

Results

Results of this method are presented in the result sheet. This sheet is divided into three sections,
as presented in Table 3.17.
Table 3.17. Sections and contents of the result sheet in the CASBEE system (IBEC, 2010a)
Sections
Content
1- Project outline
The identity of the project or building is defined as building name, type, location, floor area of the building, etc.
2 – Result from CASBEE score sheet
The results by category are shown as a summary in the
form of a radar cart, bar graphs and numerical values. It
presents information on BEE - Building Environmental Efficiency, which is calculated from the results of Q and L.
3 - List of important assessment items 3.1 - quantitative assessment indicators which are for typiexcluded from comprehensive assess- cal building environmental loads, they should be calcument for building environmental effi- lated and the results, dealing with primary energy conciency that are important for the effi- sumption in operation, water consumption volume and life
ciency.
cycle CO2, etc. should be entered.
3.1 - design process assessment, this area is mainly for
controlling the important titles about environmental considerations, related with building management.

In CASBEE, assessment values for Q and LR differs from 1 to 5 and the Building Environmental Efficiency is calculated using Equation 3.6.
BEE =

Q
25 x (SQ − 1)
=
L 25x (5 − SLR )

(3.6)

Where, BEE is the Building Environmental Efficiency, SQ is the score for the Building Environment Quality & Performance (Q), and SLR is the score for the Reduction of Building Environmental Loadings (LR).
In the performance assessment classification, the higher the Q value and the lower the L
value is, better is the solution. There are five levels of performance: C (Poor), B¯, B+, A and S
(Excellent), corresponding to the areas presented of the diagram presented in Figure 3.25.
The BEE rating which is determined by finding the intersection of Q(Building Environmental
Quality and Performance) and L(Building Environmental Loadings), is a number, which generally is in the range of 0.5 to 3, that corresponds to a building class, from class S(highest for BEE
of 3.0 or higher)to classes A (BEE from 3.0 to 1.5), B+ (BEE from 1.5 to 1.0), B- (BEE from
1.0 to 0.5) and C (BEE less than 0.5), where high ratings (S and A) are succeeded by buildings
with high environmental quality and performance and low environmental loadings, while higher
resource consumption and lower environmental quality produces below-standard ratings(B- or
C) (Kibert, 2005).
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Figure 3.30. Sustainability raking of building by BEE (source: IBEC, 2010a).
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3.9 CONCLUSIONS
The actual environmental, societal and economy context shows that he case for creating sustainable affordable housing is substantial.
Sustainable design, construction and use of buildings are based on the evaluation of the environmental pressure (related to the environmental impacts), social aspects (related to the users
comfort and other social benefits) and economic aspects (related to the life-cycle costs). The
sustainable design searches for higher compatibility between the artificial and the natural environments without compromising the functional requirements of the buildings and the associated
costs.
The usability, reliability and fitness for purpose of the different sustainability assessment tools
has been carefully evaluated by researchers in the area, leading to the publication of some important conference and journal papers in recent years. To date, scoring of the indicator systems
is best developed in methods that use environmental information for single properties like LCA
tools. These tools may be linked to different phases of the building design process, from the initial definition or technical design phase to a building in use, in order to obtain an overall picture
of the attainment of sustainability targets. These include tools for the performance based design
and building approach and other building rating schemes.
Although there are subjective aspects to the majority of assessment tools, hindering their adoption, they still have an important role to play, not only in evaluating the impacts of an actual
building, but also, and even more importantly, in guiding the appropriate design for the attainment of performance objectives. The greatest constraint to sustainability assessment is that assessment involves subjective rating and depends above all on the planned function of the building, as well as on its socio-economic and cultural heritage context. Additionally, one of the most
important aspects influencing the results is the list of indicators and their respective parameters,
since the result relies on the performance obtained in each indicator. The definition of a list of
indicators and respective parameters to be adopted on an international scale is one solution to
explore in order to make the evaluation methods more objective.
Due to the abovementioned reasons, and despite numerous studies in the area of building sustainability assessment, there is a lack of a commonly accepted methodology to assist architects
and engineers in the design, construction and refurbishing stages of a building. Nevertheless, in
spite of the limitations of the different methods, the increasingly widespread use of assessment
methods is having direct and indirect impacts on the promotion of sustainable building design.
Many countries either have or are in the process of developing domestic assessment methods,
which is making the need for international exchange and coordination increasingly relevant.
Sustainability in the building sector has gained an international forum and the Green Building
Challenge, for example, is organizing several major international conferences which are having
a noticeably positive effect on the promotion of this concept. Furthermore, both the International Organization of Standardization (ISO) and the European Committee for Standardization
(CEN) are making important progress towards the standardization of sustainability indicators
and horizontal methods in building sustainability assessment. Therefore it is expected that in a
near future there will be a Pan-European method to assess the sustainability of buildings.
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Chapter 4 - European overview of sustainable policies and
approaches in COST C25 Member countries
Coordinators: H. Gervásio, R. Blok and L. Simões da Silva
Contributors: C. Giarma, D. Bikas, D. Grecea, E. van Egmond, G. Krigsvoll,
H. Gervásio, H. Koukkari, I. Kahraman, K. Kontoleon, L. Bragança, L. Simões da Silva,
M. Broniewicz, M. Fumo, M. Glaumann, M. Wallhagen, P. Huovila, R. Blok, R. Mateus,
R. Morbiducci, V. Ungureanu

4.1 INTRODUCTION
The implementation of the principles and methods towards a Sustainable Construction varies
across different countries in Europe. In some countries, the sustainability of the construction
sector has been effectively taken into consideration over the last years, while in other its implementation is at an initial stage. Many reasons may be pointed out for this situation. Different
countries have different understandings of what is entailed in Sustainable Construction. Different cultural and educational backgrounds, along with different priorities in each country, are
also contributing for the lack of a common European approach.
General frameworks, aiming to cover every aspect of Sustainable Construction and to provide a consistent and integrated approach, such as Agenda 21 for Sustainable Construction,
gave a major advance in the search for a common approach for the construction sector. However, general agreed methodologies and tools to make this common approach operational are
still missing.
The European Commission has long committed itself to promote and implement actions towards the sustainable development of the construction industry. Over the last years, numerous
European Directives have been released in the context of Sustainable Development and Sustainable Construction, which lay down certain provisions to be achieved in every Member
State. Then, within a pre-defined period of time, National Authorities have to adapt their laws,
or even create new laws, in order to achieve the goals in each Directive. However, each Member State is free to decide how to do so, taking into consideration national situations. Therefore,
a long period of time is often needed before European Directives are effectively applied in each
Member country. In addition, the consideration of different national contexts may lead to different approaches and policies in each country.
The harmonization of different national approaches requires a strong endeavouring from international organizations for standardization. The International Organization for Standardization and the European Committee for Standardization have been responsible for the development of a series of standards in the area of sustainable buildings and construction assets.
Hopefully, the publication of these standards will contribute to a common understanding and
effective implementation of sustainable construction objectives in European countries.
This chapter aims to provide an overview of European perspectives of the sustainability of
the Construction Sector at the end of Action C25. A survey regarding the current situation in
the sector of construction of COST C25 Member countries was performed during the Action,
and the final results are presented in the following sections.
The mains aspects covered in the survey were: (i) policies and legislation in relation to the
implementation of objective measures towards the sustainability of the sector; (ii) sustainable
methodologies and tools being used or under development; (iii) use of eco-labels; and (iv) development of national case studies representing sustainable achievements.
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4.2 SUSTAINABILITY POLICIES AND APPROACHES: THE DUTCH CASE
4.2.1 Introduction
In 1990, Sustainable Construction (SuCo) became a policy issue in the Netherlands via the National Environmental Policy Plan Plus of the Ministry of Housing, Spatial Planning and the Environment (www.vrom.nl). The national and municipal government authorities in majority
stimulated the developments of eco-innovations by means of a reasonable coherent mix of policy instruments focused at energy efficiency, sustainable use of resources and health. In line
with the internationally agreed UN Millennium Development Goals, the 4th National sustainability policy plan (NMP4) 2001 in the Netherlands described the government strategies to
achieve a sustainable society within a period of 30 years.
The most important direct laws and regulations in the field of construction in the Netherlands are the Spatial Planning Law and the Housing Law. The first defines where it is allowed
to establish a built environment via spatial planning and zoning schemes, the second defines the
criteria for building permit applications and which quality requirements for buildings are included in the Building regulations and building codes.
Only after 1995 a first breakthrough for SuCo took place, when direct regulations such as
the Energy Performance Norm (EPN) came into force being part of the Building Code. Building
permits are only issued when building specifications meet the energy performance requirements
expressed in the energy performance coefficient. How this energy efficiency target is achieved
is left over to the actors in the CI, which makes this policy instrument highly appreciated by the
CI (www.senternovem.nl/epn/).
The building regulations 2003 (Bouwbesluit) define the minimal requirements for safety,
health, functionality, energy efficiency and environmental impact. Municipalities and public
utility companies are in principle not allowed to set additional technological requirements beyond the 2003 building regulations. Yet there are some municipal regulations such as for example the regulations regarding waste disposal and separation of waste. Besides, some municipalities grant building lots at prices that are based on the level of sustainability of the envisaged
building. Other municipalities have a particular regulation with requirements for sustainable
building construction (e.g. The Hague, Delft). Municipalities also may establish agreements on
sustainable building with housing corporations, utility companies and builders. These have actually no legal enforcement and generally are named Regional Covenants.
Indirect policy instruments -largely used in the Dutch SuCo policies- encompass both negative (based on the polluter pays principle) and positive instruments, such as subsidies and tax
relief. For (1) consumers there are energy subsidy schemes and for (2) eco-innovators and project developers there are Innovation Subsidies managed by different Ministries.
Self-regulation instruments to stimulate SuCo are the Energy Performance Advise (EPA) to
stimulate energy saving in existing buildings; DuBo packages(DuBo = Dutch for SuCo); the establishment of a DuBo information centre; the development of sustainability assessment methods and demonstration projects,(e.g. in which designers were pointed at the opportunities of
SuCo practices such as Industrial, Flexible, and Demountable (IFD) building methods). DuBo
packages were developed to provide information and support to increase awareness and knowledge about SuCo in the form of almost hundred guidelines for SuCo Terms of Reference, Design, Construction, and Use and several prescriptions related to waste & material management.
The packages had no legal enforcement power and were mainly applied in combination with
DuBo-contracts. These were agreements between municipalities and private companies to adhere to the DuBo guidelines. The packages were rather practical, but too detailed in prescribing
how to implement SuCo. Freedom in design and construction was gone, provoking resistance
among the building industry. The DuBo- information centre for SuCo, was created in collaboration with market parties and research institutes. Several regional SuCo consultants support the
DuBo-centre. In the course of time several sustainability assessment methods were developed,
such as Greencalc, a software programme to assess environmental costs throughout the building
life cycle. Other tools such GPR are rating tools comparable to the US Leed and UK Breeam
sustainability rating tools that support communication and decision making in design for SuCo,
without prescribing them.
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Broad support for the Dutch SuCo policy could have been achieved by its development in
close collaboration with the target group. (Bueren and Priemus, 2002). Improvements in SuCo
practices thanks to the coherence of the Dutch SuCo policy mix. However the actual results in
terms of reduction of environmental pressure by the CI were less significant. Sustainability
measures are usually considered in the early phases of new construction projects whilst sustainable maintenance and demolition is often still neglected. (Sunikka and Boon, 2002) The learning effects of demonstration projects appeared too small, since often these projects are not
evaluated and if so, then the results are not widely communicated. Klunder (2002) mentions
that the decrease of environmental pressure by measures regarding sustainable material utilization is rather limited: 0% by dematerialization and 5% by reusing and recycling of building
parts and materials. However 13% decrease of environmental pressure is established by selection of particular materials and industrialized construction and 20% by an increase of the quality and lifespan of the building and building parts. (Klunder, 2002) This underpins the valuable
contribution which industrialized construction can have to improve sustainability in the construction industry. The real threat to sustainable building, however, is the lack of market demand. SuCo measures are not adopted and implemented on a large scale and only a small part
of the market uses SuCo as a mean to distinguish itself. (Bueren, 2001) A market research in
2001 concluded that there was still not much interest in sustainable building in the Netherlands.
(Sunikka and Boon, 2002) Costs, capacity and knowledge amongst construction clients (e.g.
housing associations) and acceptance by building users and tenants, are important barriers to
sustainable construction. For example only 44% of the interviewed housing corporations mentioned to be interested in having a green image, whereas 41 % said they rarely profile themselves as being sustainable. They indicated that only 33% of their tenants have interest in sustainable building, 49% tenants are only interested to a certain extent and 9% are not interested
at all. Moreover the willingness to invest in SuCo is rather limited: only 16% of the tenants are
willing to pay extra for environmental measures. It has changed in the meantime, although the
actual implementation of SuCo practices in the Netherlands still have not very much taken off.
CI stakeholders do not want to pay for environmental building practices but consider SuCo a
collective responsibility of the government. After years of promotion and stimulation of environmental building practices, the Dutch government has decided to chance its policy line into a
more commercial approach. From 2004, the market was expected to pick up SuCo.
The sustainability policies as from 2004 are based on principles concerning sustainable development in terms of a balanced situation between social, economic and environmental aspects. This implies 1. Prevention, of. the negative impacts of activities; 2. Fight negative impacts at their source; 3. The polluter pays ; 4. Preventing a negative sustainability balance As
Low As Reasonably Achievable (ALARA). The idea is to codify these principles in the Dutch
laws (e.g. laws and regulations on environmental protection; spatial planning, transport, energy,
technology developments) in line with EU agreements on sustainability. The actual effect on
achieving a sustainable situation depends on how the principles are codified in policies in practice. Yet prolongation or even intensifying of the prevailing policies will not be sufficient to
meet the ambitions set for sustainability in 2030. There are too many barriers to tackle which
can be seen as failures in the prevailing political-economic system in the country.
In the meantime it is understood that sustainable development requires an integrated policy.
For example policies focussed at stimulating sustainable urban development, which encompasses a well balanced integrated consideration of social, economic and environmental aspects
will be a good basis for the achievement of a sustainable built environment. Within such a
framework projects can be developed for sustainable development of different urban areas and
individual buildings. The establishment of a sustainable urban development plan then should
take place in an integrated manner by involvement of all stakeholders, such as building users,
real estate developers, municipalities, designers etc. However this requires a shift in the present
building practices. Evidence and theories have shown that such a shift takes time and investment and truly requires policy support. (Egmond, 2009) Government support was and still is an
absolute condition to create loyalty to SuCo in the Netherlands. Subsidies for example are considered as an important stimulation measure by the stakeholders in the Dutch construction industry.
Recently the Dutch Ministry of Housing, Spatial Planning and Environment (VROM) put
forward that the Netherlands needs to dedicate itself continuously to investments in sustainabil-
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ity given the acknowledgement that sustainability is the engine for the economy. Emphasized
was that the Dutch government should prioritize sustainability in the overall policies. It is considered a indispensable to stimulate the Dutch industry, population and environmental activists
to collaborate to achieve a sustainability agreement that underpins and strengthens coherence
between climate, resources, production chains and biodiversity. The Ministry argues that it is
thus important to benchmark our prosperity and well-being against the available national social
and natural capital, in order to get sustainability out of the non-committal way of thinking.
(Huizinga, 2010) These views are thus far not yet reflected in the policies.
The Ministry follows the recommendations of the Dutch Socio-Economic Advisory Board
(SER) to concretize sustainability by means of a set of indicators and targets for a long term
sustainability strategy, which will be included in the 2nd Sustainability Monitor which will be
ready at the beginning 2011. Social costs and benefits should be elucidated. Only then the sustainability ambitions and targets of different governmental policies can be compared. An important aspect in the strategies to stimulate sustainability by the Dutch government will be the establishment of a “green” tax system, which already has proven to be successful. The SER also
emphasized that sustainability should be considered in line with innovation as well as with the
EU programs. The character of integrated aspects of sustainability should be strongly embedded
in policy making and the responsibilities for meeting the sustainability targets should be made
clear. (http://www.ser.nl/) Yet again it has to be said that the realisation of this all depends on
the policy views of ruling policymakers of the new government in 2010.
4.3 SUSTAINABLE POLICIES AND APPROACHES: THE FINNISH CASE
4.3.1 Introduction
Sustainable development has been a part of the Finnish mindset and policies for decades. However, the Government started to support the ecological principles in the beginning of the 1990s
including promotion of eco-efficient and sustainable construction. During the 1980s and 1990s,
environmental know-how increased in the country and environmental protection yielded good
results in a number of sectors. Special emphasis was put on the material and energy intensive
industries (forest, basic metal and energy) that characterized the economy. The activities included development of legislation, broad co-operation networking, research programmes, and
promotion of voluntary measures. Finland, Sweden and Denmark were among the first countries as regards introduction of environmental management systems.
The Finnish National Commission on Sustainable Development was established in 1993 as a
tripartite forum for communication in ecological sustainability and greening the economy. Its
task is to promote implementation of sustainable development in Finland. It is co-ordinated by
the Ministry of the Environment. Both peak employer organisations and trade union confederations have been active. The national strategy "Towards sustainable choices - A nationally and
globally sustainable Finland" was adopted by the Commission and adopted by the Council of
State in 2006.
The Academy of Finland launched the Research Programme for Ecological Construction in
1995 that lasted four years. It aimed at discovering the theoretical basis and solution models for
the concepts of ecology and sustainable development in construction and the use of constructed
areas. The Programme was multidisciplinary and included the fields of architecture, urban and
landscape planning, civil and environmental engineering, materials technology, wood science,
and ecology (SA 2002).
The Ecologically Sustainable Construction Programme was set up by the Finnish Government in 1998 which aimed to
- decrease the environmental loads of construction and the building stock substantially
- promote environmental knowledge and technology as a national competition factor in the
construction sector
- increase the construction and real estate sector´s abilities in environmentally based decision making
- increase ecological sustainability in community development.
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Participation in this programme was voluntary, but the programme was designed through
close co-operation between the authorities and committed stakeholders in the construction and
property sectors.
The Finnish Government approved the Long-term Climate and Energy Strategy in 2008. The
strategy outlines the definitions, objectives and measures of the Finnish climate and energy policy. Related to the strategy the Ministry of Employment and the Economy set up a committee to
prepare measures for energy saving and energy efficiency. The committee proposals concern
the community structure and buildings as follows:
Community structure
- increasing the effectiveness of the steering of the community structure in accordance with
national area utilisation targets
- developing the necessary legislation and instruments for planning and implementation
- drawing up regional climate and energy strategies and genuinely linking them to the
steering of land use and the development of transport systems
- improving the coordination of land use and transport in urban regions and taking all levels of zoning into account
- developing planning and assessment methods suited to the assessment of community
structure based on common concepts and indicators to support decision-making, by
which to evaluate the sustainability of the community structure.
Buildings
- speeding up renovation construction by means of well-targeted financial incentives
- extensive introduction of a range of tools and their development as part of the acquisition
processes for building planning, use and maintenance
- developing concepts for planning and supporting customer-oriented implementation of
renovation construction
- putting public buildings to more efficient use (e.g. using them in alternate turns) and effectively employing appropriate guidance according to existing needs
- providing guidance on energy consumption in an appropriate way to support the activity
and decision making
- introducing the best solutions to the markets by taking advantage of the demand mechanisms for new solutions.
Research and development programmes have been an essential mechanism in development of
the sustainability approaches for various sectors of the economy and society. The Finnish cluster research programmes started in 1997 as a part of new industrial policy that was based upon
economical cluster-concepts. These programmes were organised under several ministries, and
searched for a broad co-operation. The Environmental Cluster Research Programme run until
2005 aiming at raising the level of environmental know-how, improving the state of the environment and creating favourable preconditions for entrepreneurship. The preliminary study on
eco-efficient construction was conducted in 1999 aiming at definitions and indicators (Häkkinen et al. 1999). The third phase of the programme was focused on infrastructure.
The Centre of Technology and Innovations (Tekes) is the main funding organisation of joint
technology research projects. Its ongoing programme Sustainable Communities (2007-20129
aims to generate renewable business activities in designing, constructing and maintaining sustainable and energy efficient areas and buildings. One core theme of the programme is a noticeable improvement in the energy efficiency of buildings and communities as well as the promotion of adopting renewable energy sources.
As part of Finland's national programme to promote sustainable consumption and production,
a material efficiency centre has been set. It is connected to Motiva Oy, a company run as an
agency of the Ministry of Employment and the Economy, which already provides many expert
services promoting energy-efficiency and the use of renewable energy.
Finland strives to promote energy efficiency, the use of renewable energy and reductions in fossil carbon emissions through various national and international climate and energy policies. The
European Union has set targets calling on all member states to improve energy efficiency, cut
their emissions and obtain more of their energy from renewable sources. At national level,
Finland’s efforts towards these goals are largely guided by our national climate and energy
strategy, related action plans and other national legislation.
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Finland is also striving to achieve emission reductions through voluntary means such as energy efficiency agreements and energy audits conducted to identify scope for energy savings.
To help achieve the goals of Finland’s climate and energy policies, the Government provides
significant financial subsidies for energy audits, investments designed to enhance energy efficiency, and schemes involving the adoption of renewable energy and new energy efficient technologies
4.3.2 Methodologies and tools
Several tools that support sustainable building have been developed in Finland. In most cases
they are, however, not systematically used to support sustainable approach. More often they are
used occasionally, e.g. in development of new concepts or guidelines. In any case they form a
good basis for further development.
The Life Cycle Assessment (LCA) of construction products is particularly well developed in
Finland. The manufacturers of building materials have additionally established a widely used
environmental product declaration system. The first evaluation methods designed for individual
buildings to be applied in practice in Finland were related to the “PIMWAG” criteria used in
Helsinki’s Eco-Viikki housing project. The latest and most advanced Finnish environmental
evaluation criteria for assessing existing and new buildings form part of the PromisE environmental classification system.
EcoProp
VTT Technical Research Centre of Finland has developed a software tool to help property developers and contractors to identify customer and user needs and manage them throughout a
building project. The tool is to help especially the pre-design phase of a new building, and for
this reason it uses simplified life-cycle cost standard (ISO 15686) and life cycle environmental
assessment methods based upon five indicators (ecoprop 2010). It is usable support for communication with all stakeholders.
The ecoprop software is a standalone Windows application, and it has been developed at
VTT based on the VTT ProP® performance classification (see Figure 1).
REQUIREMENTS
Aconformity
A1LOCATION
A2 SPATIAL SYSTEMS
A3 SERVICES

ENVIRONMENTAL PRESSURE

B performance

owner
user
society

B1INDOOR CONDITIONS
B2 SERVICE LIFE
B3 ADAPTABILITY
B4 SAFETY
B5 COMFORT
B6 ACCESSIBILITY
B7 USABILITY

PERFORMANCE
DESIGN
CONSTRUCTION

USE AND MAINTENANCE

C life cycle costs and environmental
pressure
C1 LIFE CYCLE COSTS
C2 ENVIRONMENTA PRESSURE

COSTS

Figure 4.1. The VTTProp hierarchy of the building requirements.

The ecoprop comprises a database of performance requirements and easy-to-use interface to
the database. There are a number of requirements definition sets, which correspond to the possible requirements of different project types. The user can select from one to five pre-set performance levels for each requirement and then add own comments. The application provides estimates the life cycle costs of the building. This analysis is based on the cost factors associated
with different performance levels and the baseline information of the project. The ecoprop can
be used to manage performance requirements for new building projects, and it can also be used
to some extent for evaluation the performance levels of existing buildings.
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BeCost
BeCost is a www-based tool for life cycle assessment of building structures and for the whole
building. The program includes (VTT 2010):
- environmental profiles, costs and maintenance costs of building materials produced in
Finland
- the structures for designing outdoor walls, indoor walls, roofs, floors, etc.
- material quantity calculations;
- environmental profile calculation for designed structure
- result as plot of environmental profile (emissions), energy- and raw-material use, and

cost impact for the structure and whole building.

BeCost is an easy to use program - the user should first define the building by making relevant choices, by choosing the structure and materials, by giving the volumes in m2 and by
choosing the service life of the building.
This can be used for different purposes
- to examine the ecological effect of building choices related to materials used and service life of the whole building (designer and constructors use)
- verifying environmental characteristics' fulfilment, if such has been demanded (designer use)
- for owners to examine their building's environmental profiles (owner use)
- checking the affect of care, maintenance and repairing actions on the environment
comparing environmental profiles of structures having the same functional units and
- comparing environmental impacts of produced- and competing materials in certain
structure or building (use of building material producer).
PromisE
PromisE is an internet-based environmental classification system that has been developed to
facilitate evaluations of the environmental properties of buildings in Finnish conditions (YM
b
2008 ). The system has two main versions: one for evaluating existing buildings and properties,
and the other for use in the construction of new buildings.
The PromisE system grades properties or individual buildings, and different versions can be
applied to assess shops or commercial buildings as well as housing. Whole properties are assessed, including areas not built over. Environmental factors are divided into four main groups:
health, use of natural resources, ecological impacts and environmental risk management. Each
of these main areas includes a total of 35-40 indicators that can be measured numerically or
otherwise evaluated. Indicators have been carefully chosen to include the most important environmental impacts of construction, while ensuring that evaluation work does not involve too
much time or expense.
The basic data used in evaluations of energy and material consumption includes actual figures, numerical values calculated from plans, or other estimates. Indicators and groups of indicators are weighted according to their overall environmental significance.
After the weighted indicator values are summed, properties are given an overall environmental rating ranging from A to E. The E rating corresponds to the basic levels defined in
building regulations, whereas an A rating means that a property’s environmental impacts are
roughly 50% more favourable overall than those of buildings that merely comply with the regulations.
PromisE has been developed primarily to encourage firms in the property and construction
sector to focus on environmental considerations, as well as the technical, functional and financial aspects of construction work. The PromisE system can also be applied in public sector projects, however. Local authorities can apply the system to set targets for use in their own construction projects or in setting contractual conditions for the sale of land with building rights.
The system can also be applied in conditions for loans for housing construction schemes.
The following table introduces the categories and indicators included in the PromisE-system
for new buildings. The table also shows the weight of different categories and indicators (VTT
2010).
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Table 4.1. Indicators included in the PromisE-system

HEALTH OF USERS
Management of indoor climate
Setting of requirements and level of requirements
Quality of design
Quality of supervision and documentation
Quality of real estate management contract
Indoor air quality
Volume of air ventilation
Purity of incoming air
Surface materials emissions
Management of moist damages
Quality of building-physical design
Quality of moist control on site
Quality of building maintenance manual
Illumination
Intensity and uniformity
Prevention of reflections and glare
Consumption of natural resources
Energy consumption
Setting of requirements for energy consumption
Heat consumption
Use of real estate electricity
Energy consumption management
Quality of acceptance inspection
Water consumption
Quality of water distribution system
Water consumption monitoring facilities
Land use
Utilization of existing built environment
Utilization of existing networks
Materials consumption
Total use of raw materials (excluding byproducts)
Recycling rate of building materials
Savings in space areas with help of common
spaces
Service life
Design service life
Level of carefulness and detail of service life design
Level of adaptability
Environmental loadings
Emissions into air
Environmental impact of building products
Environmental impact from energy use
Wastes
Quality of waste management of building
Quality of waste management on building site
Sewage
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Weighted value of the indicator
Office buildResidential
Retail buildings
buildings
ings
25
25
20
35
40
40
35
35
30
25
30
35
20
20
15
20
15
20
30
30
30
40
25
20
30
30
25
30
45
55
30
30
30
40
30
25
45
55
65
15
15
10
5
0
0
55
0
0
45
0
0
30
30
35
45
40
45
15
15
15
25
40
25
35
20
35
15
15
15
10
10
10
5
10
5
100
40
100
0
60
0
10
10
10
55
55
55
45
45
45
20
20
20
70
55
70
30
0

20
25

30
0

20
20
30

20
25
50

20
20
30

50
35
50
25
75
20
50
50
0

25
35

50
35

50
25
75
20
50
50
5

45
25
75
20
50
50
0
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Table 4.1. Indicators included in the PromisE-system (cont.)

Environmental loadings (continuation)
Utilization of rain water
Bio-diversity
Soil sealing
Removal of soil materials on site
Value of the building lot with regard to nature
protection
Appearance of rare species on site
Environmental loadings from traffic
Level of public transportation services
Vicinity of pedestrian and bicycle routes
Level of other services needed by users
ENVIRONMENTAL RISKS
Environmental risks of building site
Level of purity of building site
Environmental risks of building
Building materials' risks
Risks of refrigerants
Level of environmental risk management on building
site
Level of health risk management on building site

Weighted value of the indicator
Office buildResidential
Retail buildings
buildings
ings
35
35
35
0
100
0
10
10
10
30
30
30
30
30
30
30
30
30
10
20
50
35
15
10
35
100
65
40
0
30
30

10
15
45
25
30
10
35
100
65
40
0
30
30

10
25
60
30
10
10
35
100
65
25
25
25
25

Integrated life cycle tools
Tools of life cycle assessment, energy efficiency assessment, service life assessment, maintenance manual, optimization of refurbishment, and SB rating are important methods in design,
use and refurbishment of sustainable buildings. The use of these methods requires the availability of tools and a lot of additional information compared to a traditional building process. In order to rationalize and support the use of methods, those should be integrated with BIM processes.
There are different solutions for integrating Life Cycle Assessment software and Building Information Modelling BIM. VTT has developed prototype software which uses design information represented by IFCs (Industry Foundation Classes) together with separate product information represented in Product Modelling Ontology (PMO) and calculates environmental results by
combining the effects of different building elements. IFCs aim at providing an open definition
for data structures to capture and exchange information. PMOs are used for describing product
classes, properties and interrelationships on products of different complexity levels including
standard catalogue items and complex configurable products.
Service life (SL) design needs information about the effect of different parameters. For instance, the ENNUS programs developed at VTT help designers to predict SL and determine parameters that affect the SL. These parameters include materials, details, assembling, outdoor
and indoor conditions, use conditions, and care and maintenance. When integrating SL assessment with BIM, the initial data needed for defining the values of parameters should be available
through the properties of the model or with help of integrated databases. The latter may concern
for example material properties. However, also the design solution itself affects SL. Thus, for
example the structural model should include all information about the quality of structures that
is needed as initial information for the SL assessment of structures. The structural model software should support the designer to define the structural parameters needed in the assessment
of SL.
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Figure 4.2. Integrated Service Life Design Tools (VTT 2008).

4.3.3 National codes and legislation
Land use, spatial planning and construction are controlled by the Land Use and Building Act in
Finland, which came into force in 2000. The Land Use and Building Act aims to
- organise land use and building to create the basis for high quality living environments,
- promote sustainable development,
- ensure open planning and participatory processes,
- ensure that a wide range of planning expertise is available.
The Building Code
The Finnish Building Code is given under the Land Use and Building Act, and lays out technical Regulations and Guidelines for new buildings. The Building Code is feature-based, i.e. requirements are mainly set for technical characteristics and the implementation of individual
building components.
The most important parts of the Code in relation to energy efficiency in environmental issues
are
- insulation regulations governing the implementation of noise insulation , water proofing and
thermal insulation of buildings
- regulations on indoor climate, HVAC and energy economy, giving regulations and guidelines on water and sewage systems, ventilation and indoor climate, energy economy in general and efficiency requirements for boilers
The Building Regulations were amended by the Ministry of the Environment in order to
comply with the Energy Performance of Buildings Directive of the EU. They became into force
from 1 January 2008.
The applicant for the building permit has to verify hat the completed building will fulfil the
requirements. The building permit will be approved by the local building supervision authority. The energy requirements are the same for all buildings and include
- maximum U-values
- requirement on average insulation level
- requirement on heat losses of the building (building envelope, ventilation and air-tightness)
- requirement on calculation of the energy demand of the building per metre squared of floor
area.
The building regulations were updated in 2010; the revision strengthened efficiency requirements, and new buildings built following the revisions are about 30% more energy efficient
than earlier.
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Maintenance Manual
A maintenance manual is drawn up during design and execution of a new building in order to
give the owner and the user advice on the care and maintenance of both the materials used and
the equipment installed. The maintenance manual is used to ensure maintenance of the property
and its external areas and to further the correct preparation of property maintenance contracts
and the performance of maintenance work. The manual acts as a data management system
equivalent to a motor car service book, covering the repair history of the building, details of finishes, maintenance work and timing, and target values for internal air quality and the lifecycle
of the building and its component parts.
Compilation of a maintenance manual has been mandatory for state-subsidised housing construction for 5 years. Since 2000 it has been mandatory for all housing and it is also drawn up
for the buildings owned by the private sector.
4.3.4 Eco-labels and EPDs
The Nordic Council of Ministers adopted a decision in 1989 to introduce a positive, voluntary
ecolabelling scheme. An ecolabelling organization was set up in each Nordic country to manage
this scheme. In Finland, the standardization organisation SFS is the responsible organisation.
The Swan Label ecolabelling scheme is a voluntary system, in which the basic rule is that the
requirements imposed must be at least as strict as the relevant requirements imposed by the authorities (Norden 2001).

Figure 4.3. The Nordic Ecolabel applied to construction products, too.

There are several product groups already in the building and construction sector that may apply a licence for the swan mark in accordance with an established criteria document. The requirements are based on environmentally relevant aspects of the life cycle of a product like for
example, raw materials, environmental impact of the manufacturing process, operation, use and
final disposal. The list of available documents include the following products (Ympäristöuutiset
2009)
- windows and external doors
- chemical construction products like adhesives and sealants
- treated timber
- air heat pumps
- floor coverings
- interior pains and lacquers
- wood burning heaters
- houses and hotels.
The common long term objectives of the Swan label are presented in the following list.
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Table 4.2. List of objectives of the Swan label system
Long-term environmental objective of Swan labelled products
Environmental threat
Climate change
A significant reduction in emissions of greenhouse gases that may
cause an increase in the temperature of the earth.
Depletion of the ozone layer
A significant reduction in ozone depleting chemicals that may cause
increased ultra-violet radiation
Acidification
A significant reduction in emissions of substances that may cause for
example acid rain (for example sulphur and nitric oxides) primarily
through cleaner technology, secondarily through the treatment of
emissions
Local air pollution and noise
A significant reduction in emissions of air pollutants and in noise levels that impact upon the local environment.
Ground level ozone formation A significant reduction in emissions of chemicals that lead to photochemical ozone formation causing harm to for example human health
and vegetation.
Water pollution and overferA significant reduction in emissions of fertilizers and chemicals that
tilization
lead to poorer water quality and lack of oxygen.
Emissions of eco-toxins and
A significant reduction in chemicals and heavy metals that may build
heavy metals
up in the eco system or have an acute toxic effect.
Emission of substances harmA significant reduction in types of chemicals that may effect human
ful to health
health.
Accumulations of waste and
Minimizing waste generation, increased use of recyclable and readily
unsorted waste
degradable materials.
The spread of organisms to
Preventing foreign organisms from causing damage to the natural eco
environments in which they do system (the precautionary principle).
not belong
Reduced biodiversity
Preventing the death of species and the reduction in the genetic resources of the planet.
Radioactive radiation
Preventing and substituting radiation processes that may harm the genetic code of organisms (the precautionary principle).
Excessive use of land and
Saving living space for the natural eco-system or for use for other acwater
tivities.
Over-extraction of scarce reA significant reduction in the use of fossil non-renewable raw materisources and nonrenewable
als and rare raw materials that are not returned to the natural cycle.
scarce raw materials
The use of dangerous technol- A significant reduction in the use of technology that may cause enviogy
ronmental catastrophes, for example in the form of explosions (the
precautionary principle).

EKA Environmental Assessment
EKA is a Finnish national, voluntary method for environmental assessment of building products. VTT formulated the method on the request by The Confederation of Finnish Construction
Industries RT. The method describes the principles that should be followed in the environmental assessment of building products and introduces the format of environmental declarations.
The procedure for environmental assessment and declaration of building products includes
the following issues (VTT 2010)
- principles for data collection and data handling (Life Cycle Inventory, LCI)
- generic environmental profiles for energy and transportation
- the declaration format
- procedure of environmental assessment; auditing, approval and publication of declarations
- principles that one should follow when using the environmental profiles of building products within building design.
VTT has developed different kinds of tools for the environmental assessment of buildings and
products. These tools aid manufacturers to consider environmental aspects in product development and in environmental reporting. Tools has been developed for various materials and products, for example for cements, concrete products, natural stone products, underground structures, masonry products, wood products, flooring materials, building services systems and
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HVAC products, and steel products. For example, with help of the BERTTA tool, which has
been developed for concrete manufactures, the effect of different kinds of parameters on the
environmental profiles of concrete products and structures can be assessed
4.3.5 Case studies
4.3.5.1 Ecological criteria for experimental construction, Viikki
The Viikki housing project near the centre of Helsinki represents a landmark in ecologically
sustainable planning and construction in Finland (Huovila et al 2008). It was selected as a testing place of principles that were developed during the 1990s. The area included rural landscape
and ecologically sensitive and valuable protected waterfronts.
The City of Helsinki and the Eco-Community Project organized a design competition for experimental building in. The competition was initially organised to find an ecologically sustainable planning model for the whole area. It aimed to save nature and natural resources, to have a
high quality with regards to their architecture and functionality of the dwellings, and to be feasible to construct. A group of building consultants devised a tool for the ecological assessment
of building plans.
Viikki’s ecological criteria is a method that defines minimum ecological levels for building
and estimates the ecological degree of various development projects. Minimum ecological levels for building have been dimensioned to enable their implementation in residential construction to be carried out at a reasonable additional cost. The fulfilling of ecological criteria will
also enable cost savings during the use period.
In Viikki, ecologically conscious building progressed as a four-step process: a minimum
level of ecological criteria applied to all projects, supportive PIMWAG points for significant
trial projects with a high expectation value, experimental image buildings representing radical
ecological construction, and follow-up studies for mapping information about projects under
construction. Examples of the required minimum levels are as follows (difference from reference building)
- CO2 3.200 kg/grm2, 50 years (- 20 %)
- waste water 125 l/resident/day (- 22 %)
- construction site waste from building 18 kg/grm2 (- 10%)
- waste produced by residents 160 kg/residence/year (- 20 %).
Detailed planning was done on the basis of the winning proposal, which featured east-westoriented rows of buildings interspersed alternately with narrower belts of gardens along streets,
and wider green belts. Architectural competitions were organised for housing blocks, emphasising the role of ecological innovation and practical environmentally friendly construction design.
These competitions attracted plenty of interest from major Finnish construction companies.
4.3.5.2 Business based on recycling of wastes (SKJ Companies)
In Finland there are two steelworks based on blast furnace hot metal production (Raahe and in
Koverhar). There are also two steelworks with electric arc furnace technology (Tornio and Imatra). Processes and business models of the steel industry are nowadays developed aiming at ecoefficiency which includes recycling, reduction of waste and emissions and energy-efficiency.
Recycling in the steel industry means primarily either returning by-products into metallurgical
processes or utilisation of the by-products elsewhere. Efforts towards a waste-free industry
have facilitated new activities based on the useful application of by-products.
SKJ Companies, a subsidiary of the Finnish steel group, Rautaruukki Oy, is responsible for
utilising the by-products of steel industry. Activities cover the whole range of the by-product
business from by-product treatment to product development, marketing and export. SKJ has developed into products and is marketing approximately 90% of the by-products of Finnish steel
industry totalling about 1.4 million tonnes (Huovila et al 2008). Slags are the largest product
group by volume, and they are marketed to road construction, agriculture and the building materials industry.

111

Integrated Approach towards Sustainable Constructions
______________________________________________________________________________________________________

SKJ companies have activities in the fields of by-product treatment, product development
and technology know-how. With regard to the technology know-how SKJ also has activities
within export. The primary export countries have been Russia and East European countries.
4.3.5.3 MERA Multistorey Passive House Concept
The Reponen Construction Company executed the first pilot building of its multi-storey Passive
House Concept MERA in Espoo in 2005, after a five year development project. The special solution of the building is that there are no radiators but its heating is based on people and appliances even during the most of the winter time. The remaining need is supplied through ventilation. According to a constant monitoring of the building, it is possible to save about 70% of
heating costs. The encouraging results from the first pilot building led to a residential building
of 7 000 square meters.
The actual costs of construction were only 1,7% higher than those of a normal building. Taking into account that the heating costs can be saved up to 70%, the concept proves to be very
favourable. In addition, the indoor air quality can be adjusted as healthy and comfortable.
4.3.5.4 Paroc Passive House Concepts
Paroc Oy Ab has developed a Passive House Concept for the cold climate on the Nordic and
Baltic housing market. The concept applies the requirements that were developed in the
Promotion of European Passive Houses project (http://www.europeanpassivehouses.org) of the
European IEE (Intelligent Energy Europe) programme.
Paroc Passive House project included a number of demonstration buildings in Finland and
Sweden. These buildings locate from the latitudes of Stockholm and Helsinki up to Polar Circle
in the Finnish Lapland. The passive house concept was developed through a process from concept development to solutions for cold climate applications, design and construction and certification. Two of the houses, one in Vantaa nearby Helsinki and in Valkeakoski in Central
Finland are also being monitored for performance verification.
Paroc Passive House is a heavy-weight concrete building and Paroc Lupaus is a wooden
house (Haikonen et al 2010). An important feature in the process was to ensure that the
buildings fulfil the requirements set for a good indoor climate in terms of required ventilation
rates, and that the building structures' n50 values for Paroc Passive and Paroc Lupaus were 0,3
1/h and 0,35 1/h according to repeated tests. Hygrothermal performance was assessed by
intensive dynamic calculations. The main features of the two passive houses are presented in
the following table:
Table 4.3. Characteristics of the two passive-houses
Requirements
Germany
Heating demand,
kWh/m2
Heat demand,
W/m2
Primary energy demand,
kWh/m2

≤ 15

Requirements
Vantaa Valkeakoski
≤ 20

10
≤ 120

≤ 25

Assessment
Vantaa Valkeakoski
18

≤ 130

23
-

≤ 135

≤ 130

≤ 135

Over heating hours / a
Indoor temperature > 25oC, %

10

-

Air tightness,
n50 1/h

0,6

0,6

Functional unit,
m2

Treated
floor area

Gross
floor area

Gross
floor area

Calculation tool

PHPP

Optional

VTT House/IDA-ICE
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4.3.5.5 Eco-efficient renewal of old neighbourhoods
Eco-efficient renewal of the suburb Peltosaari of the city Riihimäki is an example of the Finnish
efforts to refurbish technical and functional performance as well as appearance and value of a
neighbourhood.
According to an assessment by VTT it is possible to gain a recovery of the value loss of
approximately 70 M€ compared to nearby housing areas and even exceeded by a value increase
of 100 M€ (Väkevä – Harjula & Nieminen 2010). This requires both thorough refurbishment of
the building stock, demolition and re-building of the buildings in poor condition, and
development of services, urban comfort and connections to the city centre of Riihimäki. The
whole renewal process costs roughly 80 – 90 M€ but at the same time it incurs costs savings in
energy costs on the average of 2 M€ a year. The level of present technology allows for at least
70% reduction in heating demand, and at the same time utilization of renewable energy sources
in the area. Development of the master plan allows for extensions to buildings and infill
construction, thus enabling financing for the renewal. The location close to rail transport can be
utilized in developing new jobs and services in the area.

Figure 4.4. Refurbishment can substantially improve the appearance and attractiveness of an old building
(Lahti 2010).

Tools available for the city administration are master plan development, site release and
rental agreements, other agreements between the city and site owners, organization of ideas and
other competitions, co-operation initiatives with various stakeholders, and implementation of
innovative development projects.
4.4 SUSTAINABLE POLICIES AND APPROACHES: THE GREEK CASE
4.4.1 Introduction
In Greece, from an academic point of view, sustainable construction is well-known as a valuable and unique method in order to protect the environment and prevent the waste of energy resources. On the other hand, practitioners and industries have not until now well recognised the
necessity and the benefits of an adequate sustainable design. Then again, governments address
the issue mainly when the European Community appends targets that must be accomplished
(compulsory achievement); thus, Life Cycle Analysis (LCA) methodologies, do not concern or
interest the current country policy. As a result, only a few objective actions have been accomplished over the last years at a national level. Mainly, most of them concern research studies in
universities or research centres. In addition, during the last decade, some sustainable development issues have been adopted in Greece’s construction industry, changing the conventional
and well-established methods and technology (classified task actions, primarily by large companies). As it is mentioned by Manoliadis et al. (2006) the most important influences on sus-
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tainable construction in Greece are energy conservation measures, resource conservation strategies and waste reduction.
However, due to the lately shown interest of the European Community on this theme it is expected that in the next years a lot of fields of the construction sector will be dominantly modified. The mandatory compliance of European Directives in member countries at the end will
force governments to follow and apply in an efficient way the recognized principles of sustainable construction. For example, the Directive 2002/91/EC on the energy performance of buildings shifts towards the way of recovering the buildings’ overall energy efficiency (Papadopoulos and Giama, 2007). Moreover, the continuing spreading of knowledge to the public
(scientific and public debates), the competitiveness in several fields of construction have been
forcing companies to fulfil special demands (product innovation and certifications, such as
green eco-labels or energy-class performance of products) and demonstrate their responsibility
in terms of social, economic and environmental aspects. On this basis of potentials, all involved
parts can gain a vital profit. It is clear that the accomplishment of the fundamental principles of
sustainable construction becomes gradually more significant. LCA methods are expected to be
employed in order to promote the built environment.
In order to support sustainable development in Greece a small amount of national projects
are being developed and elaborated lately. In the next paragraphs, the parts involved in these
actions are briefly mentioned (national sites, excluding universities):
 Ministry of Development (www.ypan.gr)
 Ministry for the Environment, Physical Planning and Public Works (www. minenv.gr)
 General Secretariat of Research and Technology (www.qsrt.gr)
 Regulatory Authority for Energy (www.rae.gr)
 Public Power Corporation (PPC) (www.dei.gr)
 Hellenic Transmission System Operator (www.desmie.gr)
 3rd Community Support Framework Programme (www.3kps.gr)
 National Statistical Service of Greece (www.statistics.gr)
 Greek Solar Industry Association (www.ebhe.gr)
 Photovoltaic Market in Greece (www.helapco.gr)
 Greek Association of RES Electricity Producers (www.hellasres.gr)
 Association of Greek Industries
 Centre for Renewable Energy Sources (CRES) (www.cres.gr)
CRES was founded in 1987 and is a public entity, supervised by the Ministry of Development, General Secretariat of Research and Technology, and has financial and administrative
independence.
The CRES is the Greek national entity for the promotion of renewable energy sources, rational use of energy and energy conservation. In the modern demanding energy sector CRES is
dynamically active, in the frame of the national and community policy and legislation, for the
protection of the environment and sustainable development. Working in the state of the art of
technology development, CRES implements innovative projects and significant activities for
the promotion and market penetration of new energy technologies.
Its main goal is the research and promotion of Renewable Energy Sources (RES) / Rational
Use of Energy (RUE) / Energy Saving (ES) applications at a national and international level, as
well as the support of related activities taking into consideration the principles of sustainable
development.
CRES operates in two main fields of activity:

114

Part I – Integrated Methods for Sustainable Constructions
______________________________________________________________________________________________________

(I) as a Research and Technological Centre for RES/RUE/ES, by developing applied research
for the new energy technologies and by technically supporting the market for the penetration
and the implementation of these technologies;
(II) as a National Energy Centre, working on energy planning and policy for RES and ES and
developing the necessary infrastructure to support the implementation of RES & ES investment
projects.
In the framework of its mission, CRES:
(i) is the official consultant of the Greek government on matters of RES/RUE/ES in national
policy, strategy and planning;
(ii) carries out applied research and develops innovative technologies which are both technically/economically viable and environment-friendly;
(iii) organises, supervises and carries out demonstration and pilot projects, to promote the
above technologies;
(iv) implements commercial RES/RUE/ES applications in private sector energy projects, local authorities, professional associations, etc.;
(v) provides technical services and advice, in the form of specialised know- how and information, to third parties;
(vi) disseminates technologies in its areas of expertise and provides reliable information and
support to interested organisations and investors;
(vii) organises and/or participates in technical and scientific seminars, educational programmes, specialised training courses, meetings, etc.
4.4.2 Methodologies and tools
First of all, it is important to mention that the Life Cycle Analysis (LCA) of a building should
not start from the construction stage but from the initial design stage, in which the architect and
the consultant confirm a crucial role in adopting more environmentally friendly practices. However, although the design stage affects the whole of the project’s life cycle, it does not have any
direct environmental impact that can be analysed in a LCA context (Sustainable construction,
2006).
Unfortunately, LCA methodologies and tools in Greece are still at an initial point, although
the growing demand for building certifications is critical. Most engineers and architects pay no
attention or have no regard to those sustainable procedures. Nevertheless, there are a few individuals that are familiar with LCA. With the intention of carrying out their effort, most of them
assume international methodologies or tools; national methodologies or tools are not often developed or applied. When this happens, national foreseen demands are considered. As it is
clear, the benefits and importance of LCA are still known moderately (limited knowledge). On
the other hand, due to economic motives a number of practitioners are familiar with Life Cycle
and Cost Analysis (LCCA) methodologies and tools.
However, lately national organisations and universities associated to sustainable issues participate in international actions, such as iiSBE (International Initiative for a Sustainable Built
Environment), GBC (Green Building Chalenge) and ECTP (European Construction Technology
Platform). In order to provide a valuable assist to those actions, several methodologies and tools
are employed, such as GBTool, BEES, ATHENA and LEED. Those methodologies and tools aim
to assess the sustainable development and the environmental performance of the urban environment. More specifically, GBTool is the software implementation of Green Building Challenge (GBC) method. GBC method is the method for the assessment of buildings’ environmental performance and profile. GBTool can be thoroughly adjusted to the special conditions
deriving from any type of building and from the characteristics, needs and priorities of every
region (iiSBE, 2004). Moreover, BEES (Building for Environmental and Economic Sustainability) deals with the environmental and economic profile of building materials. In this software a
database with information about the environmental and economic profile of the most commonly
used building materials is included (Lippiat, 2002). Additionally, ATHENA has been developed
and designed in order to perform life cycle assessment of buildings (basically North American).
Extracted results provide valuable information about several environmental issues, such as en-

115

Integrated Approach towards Sustainable Constructions
______________________________________________________________________________________________________

ergy, raw materials or water consumption, emissions to the air, water or soil, etc. Finally, the
method LEED (Leadership in Energy and Environmental Design) is a rating system, which aims
to estimate the environmental performance of a building; hence, LEED is not a software tool).
In order to take a credit, the building must fulfill some special conditions, which in turn are
achieved with committing the appropriate actions, given by this rating system. Eventually, the
building is characterized as certified, silver, gold or platinum, according to the total points it
achieves (U.S. Green building council, 2001).
At this present stage, in the Laboratory of Building Construction & Building Physics of the
Aristotle University of Thessaloniki, SimaPro 7.1 (LCA software) and Ecoinvent 2 (life cycle
inventory database), have been adopted. SimaPro is a vital tool in order to collect, analyze and
monitor the environmental performance of building components or entire building assemblies.
Therefore, it is possible to model and analyze complex life cycles in an easy, precise, systematic and flexible way, following the ISO 14040 series recommendations. In the near future, it is
intended to employ this program together with the previously mentioned database for the purpose of assessing thoroughly the environmental impact of building components or underconstruction buildings. It is essential to point out that the database should be initially modified
and adjusted, due to several dissimilar industrial processes that are valid in Greece.
4.4.3 National codes and legislation
The demand to improve the energy behaviour and dynamic thermal response of buildings is
primarily defined by the necessity to reduce the energy consumed by HVAC units. Therefore,
the energy requirements in the building sector represent a major fraction of the annual final energy use in Europe (approximately 40%). In Greece, the under development legislative framework concerning the thermal insulation regulations of buildings aims to improve and optimise
the environmental performance and sustainability of existing and under construction building
envelopes (quality of urban environment). Thus, these regulations that concern the rational use
and energy saving of buildings will take into account the fundamental principles of buildings’
bioclimatic design. In addition, these regulations will be in conformation with the European
Union guides SAVE 93/76/EE (stabilisation and restriction of CO2 emissions due to the energy
performance of buildings). Moreover, the compliance and adoption of an energy conscious design of buildings can reduce the quantities of fossil fuels consumed and consequently condense
the amounts of emitted CO2 and SO2 into the atmosphere. These under development national
regulations (national code) are assigned to CRES under the supervision of the Ministry for the
Environment, Physical Planning and Public Works.
Furthermore, it is useful to mention that during the last few years several industries and producers of construction material or building products, such as ceramic bricks or concrete, have
begun to follow and fulfil the standardisation CEN/TC350. Thus, in Europe a series of standards is being developed by CEN/TC350 to support the sustainability assessment of construction products and the built environment. The aim of the effort of CEN/TC/350 is to provide a
framework with principles, requirements and guidelines for the development of standards to
support the sustainability assessment of 'construction works'. As it is clear, this standard is related to sustainability of construction works, while it enables the exchange of sustainability information of products and services. The CEN/TC350 standard takes into account the associated
ISO standards and CEN documents, as well as to EU policies and directives (mandate M/350).
In order to assess the environmental performance of complete buildings, based on aggregation
of their components, this standard is intended to be forced as a compulsory condition for all EC
countries.
4.4.4 Eco-labels and EPDs
Eco-labels signify green products and services. The most regular eco-label in Greece is the
European Eco-label (EU Eco-label, www. ec.europa.eu/environment/ecolabel), which is indicated by the flower. The EU Eco-label scheme (new Regulation {EC} No 1980/2000) is part of
a wider approach on Integrated Product Policy (IPP) within the current Action Programme
(contribute to sustainable development). It is a voluntary scheme designed to encourage businesses to market products and services that are kinder to the environment and for European
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consumers - including public and private purchasers - to easily identify them (greener products). The European eco-label is part of a broader strategy aimed at promoting sustainable consumption and production. In the main, in Greece eco-labels are not used for construction materials, buildings or other constructions. Hence, eco-labels are broadly used mostly for indoor
paints and varnishes.
The overall goal of an Environmental Product Declaration (EPD) is to provide relevant, verified and comparable information to meet various customer and market needs. The international
EPD system has the ambition to help and support organisations to communicate the environmental performance of their products (goods and services) in a credible and understandable
way (www.environdec.com). At this time EPDs for construction materials and products are not
developed or used in Greece. However, it is expected that their consideration will turn out to be
existing in a little while.
4.4.5 Case studies
Several case studies on the construction sector are conducted in the Greek region. Some of
them are shortly described in the following paragraphs.
4.4.5.1 Buildings’ environmental performance assessment with the use of GBC method
(Giarma et al., 2005)
This study was conducted by C. Giarma, T. Koimtsidou and D.K. Bikas, in the Laboratory of
Building Construction & Building Physics, of the Department of Civil Engineering (Aristotle
University of Thessaloniki, Greece). In the context of this study the environmental performance
of an office building in northern Greece was assessed. This building was chosen to be studied
on the basis that sustainability principles and environmentally friendly strategies and measures
were applied in the context of its design and construction. The aim of this study was to explore
the possibility of using a thorough and flexible tool such as GBTool for the environmental performance assessment of buildings in Greece, as well as to demonstrate the improvement of a
building’s environmental performance that results from the application of environmentally
friendly measures (passive solar systems etc.). The results and the conclusions of this study
were analytically presented.
4.4.5.1 Investigating the impact of urban context on the environmental performance of buildings (Tsikaloudaki and Giarma, 2005)
This analysis was conducted by K. Tsikaloudaki and C.Giarma, in the Laboratory of Building
Construction & Building Physics, of the Department of Civil Engineering (Aristotle University
of Thessaloniki, Greece). The study focused on the environmental performance assessment of
buildings in the urban context. Criteria for this assessment were not only conventional issues,
such as the energy profile of buildings, but also matters regarding resource consumption, environmental loadings, indoor air quality, etc. The evaluation was conducted by means of the
GBTool, developed by iiSBE. The parametric analysis concerned an office building, taken as
the reference case, while the variables were the density and the geometry of the urban context,
expressed as a range of view angles of the surrounding buildings for different parts of the urban
nest. The results were diagrammatically displayed and lead to conclusions regarding the issues
and the categories of the environmental performance of buildings, which are mostly affected by
the urban context layout.
4.4.5.2 Towards the effective use of a modified version of GBTool for the environmental performance assessment of buildings in Greece (Giarma and Bikas, 2005)
This analysis was conducted by C.Giarma and D.K. Bikas, in the Laboratory of Building Construction & Building Physics, of the Department of Civil Engineering (Aristotle University of
Thessaloniki, Greece). In this study, the experience derived from a few attempts to use GBTool,
a buildings’ environmental performance assessment tool developed by iiSBE, for the evaluation
of the environmental profile of a building in Greece is presented. After a short presentation of
the tool and the changes in its latest version, the interest was focused on the lack of databases,
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regulations and other data in Greece, as it was revealed through the difficulties that came up
during the assessment procedure. Based on these observations, the authors suggested a series of
actions towards the creation of the appropriate conditions for the effective use of GBTool.
Keeping in mind that the use of such tools by building designers in every day practice is of
great importance, suggestions for the modification of GBTool aiming at the simplification of its
use were made.
4.4.5.3 Lifetime parameters in the assessment methodologies for the buildings’ environmental
performance (Safouri et al., 2005)
This analysis was conducted by G. Safouri, C.Giarma and D.K. Bikas, in the Laboratory of
Building Construction & Building Physics, of the Department of Civil Engineering (Aristotle
University of Thessaloniki, Greece). The vast majority of the tools assessing buildings’ environmental performance ignore, more or less, the lifetime parameters. The assessments they perform are based on initial conditions and characteristics. The alterations of the building elements’ attributes are not taken into consideration. Consequently, the evaluations’ results are a
“photograph” of the environmental profile of the building at time “0”. Most of the assessment
tools result in a static profile of a building by the time it is built, while a realistic evaluation
should take into consideration the dynamic nature of the phenomena. Based on the previous observations, the authors tried to make a more systematic approach to this subject. In the paper,
some of the most commonly used tools were examined under the prism of the integration of
time into their philosophy. The observations were commented. Issues and parameters that
should be included in the tools, so that time is in fact taken into consideration were noted, while
various ways of integrating these parameters into the structure of the tools, without creating extra complexity for the user, were suggested.
4.4.5.4 A study of the effect of the use of photovoltaic technology on the environmental performance of a building in northern Greece (Bikas et al., 2005)
This analysis was conducted by D.K. Bikas, C. Giarma and M. Papalexandrou, in the Laboratory of Building Construction & Building Physics, of the Department of Civil Engineering (Aristotle University of Thessaloniki, Greece). In this paper, a parametric study was presented,
concerning the effect of application of photovoltaic elements onto a building in Northern
Greece, on its environmental profile. The integration of photovoltaic elements into every surface of the building (facades, roof), successively, were considered. Using a simplified tool, the
photovoltaic elements’ annual energy output was calculated, depending, among others, on the
surface area of the elements, the orientation of the façade, the solar radiation data of the region
and the type of photovoltaic element. The results were used as input data for GBTool. The
building’s environmental performance was evaluated for each case considered and the results
are compared. The initial evaluation of the building (real building / no photovoltaic elements
integrated) was used as an additional case, so that the contribution of photovoltaic technology’s
application to the improvement of the building’s environmental performance was enlightened.
The results and the differences among them for the cases considered appearing during the comparisons were discussed and several conclusions were extracted.
4.4.5.5 Environmental performance evaluation of thermal insulation materials and its impact
on the building (Papadopoulos and Giama, 2007)
This study was performed by A.M. Papadopoulos and E. Giama, in the Laboratory of Heat
Transfer & Environmental Engineering, of the Department of Mechanical Engineering (Aristotle University of Thessaloniki, Greece). The objective of this work was to investigate the environmental performance of buildings on the basis of the selected insulation materials. Inorganic fibrous materials and organic foamy ones was the subject of this study. The two
materials’ production process was registered and evaluated based on environmental criteria
with LCA’s implementation which was supported by the model GEMIS model. The results obtained were used to set operating performance indicators and environmental condition indicators based on the ISO 14031 standard guidelines and carry out the environmental performance
evaluation (EPE) for both assumed materials. In addition, the life cycle of materials against the
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life cycle of a building was investigated and expressed on the basis of energy consumption indicators. Hence, the extracted results for both assumed insulation material types show an immense interest from an environmental point of view.
4.5 SUSTAINABLE POLICIES AND APPROACHES: THE ITALIAN CASE
4.5.1 Introduction
In Italy the use of Life Cycle Assessment (LCA) presents some delays in every application sector and thus also in the construction sector. Private and public structures have low sensibility to
utilize the LCA to give more efficient to the sustainability policies and better react to the new
regulations framework. The active structures in the LCA field is narrower than some other
countries and an important Italian defect is the episodic nature of the numerous experiences in
the LCA applications.
In the last years some national initiatives, however, started to focus on the most relevant research and application of LCA in national policies on energy, in environment and industry activities, also developing some communication instruments to diffuse the knowledge and rules of
the LCA. One example of the Italian channel for the technical and scientific divulgation of
LCA methodology is the LCA Italian Network. It is an initiative aimed at promoting the dissemination of LCA methodology through the creation of a network to exchange knowledge, information, methods and good practices on LCA state of the art and perspectives in Italy. The
initiative is promoted and coordinated by ENEA (Italian National Agency for New Technologies, Energy and the Environment), with the support of the Ministry of Environment. The network involves the main Italian experts of LCA systems (universities and research centers, consultants, companies, national and regional agencies, etc.). The network has an informal nature
based on voluntary contribution of participants. A website has been implemented
(www.reteitalianalca.it), and it provides information services (website, newsletter, mailing list,
ect.), working groups, annual meetings and annual surveys on the Italian LCA situation. In particular in the 2010 the LCA Italian Network wrote the last National map of LCA teams and activities.
The map of the teams active in Italy was developed based on a survey of nature, dimension
of the teams, type of activity, application fields, development perspectives, etc. A questionnaire
was available on line at the LCA network website. 47 questionnaires were registered from
which result the following information. The following data are a meaning, but partial, survey of
actual national LCA activities present in Italy:
- Groups are divided into five classes according to their institutional nature: University: 51%;
consultancy: 28%; research agencies: 19%; enterprises: 2%.
- In the classes are considered the different number of people: class A (1-5 people), 36 structures (77%); class B (6-10 people), 7 structures (15%); class C (11-15 people), 3 structures
(6%); class D (> 15 persons), 1 structures (2%).
- Areas of expertise/application recorded on the basis of activities and projects carried out in
the last two years. Sectors with more applicants are: energy (19), waste management (19), construction (17) and the food sector (16).
- Fields and rules for the application of LCA methodology are classified into four categories:
LCA studies, development of methodologies, development of tools, use of LCA as support for
certification (EPD, energy);
- Tools for sustainability: was considered in the application of the different instruments of
sustainability, taking into account that each group can occupy even more themes simultaneously. These tools have been detected: ecodesign, GPP, innovative technologies, development
of guidelines and other tools with LCA approach (LCC, environmental accounting, industrial
ecology, multicriteria analysis, etc..)
- International collaborations: Distribution partnerships, projects and/or international activities.
- Geographic distribution: the distribution of groups on the territories and their institutional
nature are analyzed.
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Table 4.4. Specialization area of the LCA teams in Italy.
LCA applications
Number of applications
LCA studies
42
Certification support
22
Methodology development
12
Tool development
11
IPP tools
Ecodesign
20
EMS (Environmental Management Systems)
17
Life cycle approach model or methods
17
Guidelines
8
Innovative technologies
5
GPP (green public procurement)

Groups tipologies
Consultancy
Research agency
Enterprise
university
LCA groups distribution

Figure 4.5. The distribution of groups on the Italian territories and their institutional nature (Cappellaro
and Scalbi, 2010a).

4.5.2 Methodologies and tools
In Italy the main international methodologies and tools for LCA analyses are used. They are
inserted in the principal commercial (and/or not commercial) software and they are applied to
many sectors. Italy is late for national database in many fields, but in particular in the construction field.
The actual developing situation in Italy about the use of LCA in different sectors also involves the develop of Italian database. In the present, for instance, the Marche Region and
ITACA (Institute for the transparency of contracts and of the environmental compatibility) are
developing an Italian LCA database of building materials. The database represents an institutional project to define the first national inventory. The goal of the regionalized LCA database
is to provide a sound basis for eco-preferred building materials.
Due to a lack of Italian LCI data, the first step of the database development has been the
screening of existing databases (e.g. Ecoinvent, BRE, INIES, VTT, INES, Italian EPDs) on useful inventory data for the selected building materials. In the next step, environmental hot spots
have been identified (energy, transport, production and waste disposal) which have been sub-
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ject to regionalization studies, in order to understand how to adapt the selected LCIs to the Italian situation.
The result of the regionalization is an Italian LCA database of 128 building materials, what is
not meant to be static, but a database that will develop in time adding primary data of individual
companies, eager to get their product published in a public database of eco-preferred building
materials. The LCIA method has been partially regionalized by selecting existing and meaningful environmental indicators in relation to the Italian building sector. The MCA has been developed for the selection of eco-preferred building materials, giving evidence to both the mean and
the deviation of the indicator scores.
4.5.3 National codes and legislation
The Italian Public Administrations know that sustainability criteria have to insert in Regional
construction standards and laws, because they have to join with Agenda 21. This necessary involves the insertion of sustainability incentives in terms of volumes, energy efficiency, ect.
Some years ago the Italian Regions and Provinces instituted the ITACA, the Association of Italian Regions and Provinces. Its goal is to promote the innovation and environmental compatibility of public works. In the year 2004, the ITACA Protocol was approved by the Conference of
the Presidents of the Italian Regions. The ITACA Protocol was then updated in 2005 and in
2007 with the definition of a simplified version. The different Italian Regions have to define
their own local regulations and customize the ITACA Protocol to their territories. The Marche
Region has been the first region to customize the Protocol in 2009. The criterions of evaluation
are organized in thematic areas: Site, Consumption of the resources, environmental Loads, environmental Quality indoor, Quality of the service, social - economic Aspects. The value zero
represents the minimum acceptable performance determined in reference to the Italian technical
rules and the legislation in force or to the constructive standard procedure. In the scale of the
scores the number 3 represents the best available constructive practice, the number 5 the excellence.
The certification process provides an auto-evaluation from the designing group that is analyzed and validated by certification body through accredited auditors. The conclusion of the
certification process takes place with the issue of the certificate ITACA Protocol by the SBC
Italia (Sustainable Building Council).
4.5.4 Eco-labels and EPDs
The section of the Italian Economic Develop Ministry, that is defining the building energy certification guidelines, is also analyzing the rules for an environmental certification for buildings.
In Italy many building materials and elements had the Ecolabel certification.
Products in the world that have been awarded the eco-EPD (Environmental Product Declaration) are 511. They were analyzed with Norwegian, Swedish, Japanese and South Korean
methodologies. In Italy the Swedish and Norwegian systems were only applied: 5 Italian products have received the EPD with the Norwegian system, against the 141 Norwegians. 52 Italian
products have received the EPD with the Swedish system, against the 49 Swedes. Globally, the
sector that scored the highest number of Environmental Product Declarations is to engineering
industry, while considering the only Italy the sector that has gotten more brands EPD is the
building materials.
4.5.5 Case studies
Many case studies are conducted in Italy in many sectors and in particular in construction sector. The important data is that case studies were developed for materials, elements and entire
constructions. In the following table a list of recent Italian LCA case studies of material and
element for construction or entire constructions is shown together the principal news of the
relative groups of research.
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University

University

University

University
University

Dip.. di Tecnologie per
l’Ambiente Costruito
Università di Chieti-Pescara

DREAM: Dip di Ricerche Energetiche ed Ambientali.
Università di Palermo

Faculty of Architecture
University of Reggio Calabria

STAFA
University of Reggio Calabria

University

CE.Si.S.P.: Centre for the Development of Products Sustainability

BEST: Building Environment Science & Technology.
Politecnico di Milano

Type of
organization

Name

Table 4.5. Case-studies.
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yes

yes

yes

yes

yes

yes

Case
study

yes

yes

yes

yes

no

yes

Develop of
Methodologies

LCA

yes

yes

yes

yes

yes

yes

Certification
support (EPD,
energetic efficiency, Ecolabel, ...)

- A model for the evaluation of building sustainability
in agrifood industry.

- LCA application for porized bricks

- Sustainable energy system ecobuildings "bringing Retrofit
innovation to application in public buildings - BRITA
- Building Energy Performance: A
LCA Case Study of kenaf-fibres insulation board
- "Net Zero Energy Buildings" - International Energy Agency

- Guideline for a LCA approach in construction field (several
case studies for materials and elements construction and entire
constructions (Neri, 2008)

- Thermal performances and environmental behavior of masonry units (ANDIL)
- LCA application on metal external surface covering (MIUR)
- LCA application of iron elements for construction (ACAI)

- Research project in the field of energy recovery from wasteAITEC (Italian Technical and Economic Cement Association)
- Research project in the field of EPD for cement products AITEC (Italian Technical and Economic Cement Association)
- LCA of Reinforcement products in Glass Yarn – Saint Gobain Revetex & STAR (Advanced Technological Risk Systems)
- CORDATA Project, funded by the Pro.Di.G.A. programme
of Toscana region: Streamlined LCA on the wood frames

Description of case studies
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List of other corporations:
- Ambiente Italia srl - Istituto di Ricerche
- CIRIAF - Centro Interuniversitario di Ricerca sull'Inquinamento da Agenti Fisici
- CNR - National Research Council
- Consorzio TRE - Tecnologie per il Recupero edilizio
- Consorzio Venezia Ricerche
- Enea - Italian National agency for new technologies, Energy and sustainable economic development
- LCA-lab
- SiTI - Istituto Superiore sui Sistemi Territoriali per l'Innovazione
- 2B
4.6 SUSTAINABLE POLICIES AND APPROACHES: THE NORWEGIAN CASE
4.6.1 Introduction
Environmental issues, and later sustainability, have been on the agenda in Norway some decades, and this is also reflected in the construction sector. Requirements from user and clients, as
well as policy and regulations, have led to changes in attitude and solutions among the actors.
In the period 1972-1990 energy savings was the important issue, but also indoor climate and
use of hazardous substances have been emphasized.
4.6.1.1 Government initiatives - policy
The environmental challenges faced by the housing and building sector, was initially described in St.meld. no.28 (1997-1998), “Habitat follow-up”, the Ministry of Local Government
and Regional Development’s Environmental Action Plan for 2001-2004, and St.meld.
no.23(2003-2004) On Housing Policy (Boligmeldingen).
One of the overall goals of housing and construction policy is to ensure healthy and environmentally sustainable building. Ministry of Local Government and Regional Development’s
Environmental Action Plan for 2001-2004 defined 6 targeted areas, and these are also elaborated in St.prp no.1 (2004-2005) of the Ministry of Local Government and Regional Development. The Housing Proposition identifies six priority areas;
• To enhance spatial efficiency and attention to biodiversity
• To reduce energy consumption in the building stock
• To document and reduce the use of hazardous substances in construction
• To reduce construction waste and increase recycling /re-use of materials
• To focus on high quality and good building style in the built environment
• To ensure environmentally sound building management and maintenance
Further the Accessibility for all shall be ensured by the principle of Universal Design. The
same six priorities are used in Environmental Action Plan for the housing and construction sector, 2005-2008
4.6.1.2 The Norwegian State Housing Bank
As the government and the parliament determine the national housing policy goals, the legislative and the financial framework, the State Housing Bank (HB) is the implementing agency
and provides loans, grants and guidance as well as initiates new development and research. HB
works closely with local authorities and the private sector to improve the quality of housing on
the housing market in general, which is dominated by direct and indirect (co-operative) home
ownership (77%). It does this through financial incentives, working with public authorities to
develop suitable standards and building skills and participating in negotiations and discussions
with all parties involved in development. Particular weight is given to the promotion of universal design and environmentally friendly solutions in the housing and building sectors. HB also
works to promote aesthetic housing and building design.
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The State Housing Bank supports capacity building, and gives grants that shall be used,
amongst other purposes, to stimulate environmental measures in housing and construction. The
Bank collaborates with municipalities and others in the construction sector to achieve its aims,
and priority are given to projects that have a high degree of relevance for others and which can,
over time, contribute to achieving national environmental goals. Particularly ambitious experimental and pilot projects may be given grants in addition to mortgages, up to 90 % of costs.
Amongst other themes, the Bank has provided support to:
• development of low energy housing
• massive wood construction applied in “passive” houses
• development of environmental technology for housing and buildings
• develop systems for energy-branding
• environmentally friendly maintenance and management
• life cycle costing and durability
• user-friendly internet databases for selection of ecological materials and building components
• a database of best practice sustainable buildings
• recycling / re-use of building materials and products
• international cooperation
The Housing Bank has established lavenergiboliger.no (low energy houses), where information for achieving low energy houses, with examples and pilot houses.
4.6.1.3 Sustainability in infrastructure
The Norwegian Roads Recycling R&D Program was a four-year (2002 - 2005) research and
development program with the main objective to facilitate the use of recycled materials in road
construction. The project was operated by the Road Technology Department at the Directorate
of Public Roads.
The most important topic today is climate adaptation.
4.6.1.4 Energy use
Enova SF is owned by the Ministry of Petroleum and Energy (MPE). It was established to
take a leading role in promoting environmentally friendly restructuring of energy consumption
and energy generation in Norway. Enova's goal is to make it easier for public and private enterprises to choose simple, energy-efficient and environmentally correct solutions. The goals are
improved energy efficiency, more flexibility in the energy supply and decreased dependence on
direct electricity for heating, and an increased share of renewable energy sources, other than
large hydropower, in the energy supply mix are key features of Norwegian energy policy.
Enova`s objectives, adopted by the Norwegian Parliament in the spring of 2000, are:
• to limit energy use considerably more than if developments were allowed to continue
unchecked
• to increase annual use of water-based central heating based on new renewable energy
sources, heat pumps and waste heat of 4 TWh by the year 2010
• to install wind power capacity of 3 TWh by the year 2010
• increase environmentally friendly land-based use of natural gas
Enova focuses its efforts on both the energy supply and the energy demand side, and the development and adoption of reliable methodologies for performance measurement and verification of results are high priorities.
Each year in Norway, about NOK 130 billion (15 billion €) is spent on new construction and
rehabilitation of existing buildings. These investments impact how future energy solutions are
shaped by establishing a framework for how energy consumption can be managed.
ENOVAs support program aims to contribute to lasting changes within the built environment
market sector. The projects covered under the program include both existing and new commercial and residential buildings, as well as construction projects such as water supply and sewage
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systems, road lighting and sports facilities. Enova prioritizes projects that yield a high kWh result relative to the needed financial support.
The target group is people who make decisions and investments in projects with energy
goals. Advisors, architects, contractors, manufacturers and suppliers of goods are important
drivers for developing and implementing the projects. Advisors and other competent actors can
apply on behalf of a project owner when the application is sufficiently established with the project owner.
4.6.1.5 Industry initiatives
The construction sector have had energy savings, environmental issues and sustainability on
the agenda for some decades, but more emphasised through the The EcoBuild programme, a
five-year programme (1998-2002) which intended to increase eco-efficiency in the Norwegian
building and real estate sector. The industry itself took in 1997 the initiative to establish the
programme in order to co-ordinate increasing environmental activities. Funding has been split
evenly between the industry and government (four different ministries). The focus in the programme, and in following activities and projects, was:
• energy efficiency
• material efficiency
• waste
• hazardous chemicals
• indoor air quality
Partly as a follow-up activity, Byggemiljø (Building Environment) was established to be the
buildings and construction industries environmental secretariat which has the objective to do
dissemination and communication of environmental friendly solution to increase the knowledge
and improve practice within industry and government associated to the construction industry.
This is a reciprocal binding cooperation for the period 2005-2009.
The first national action plan for construction and Demolition Waste was made in 2000, as a
cooperation between the different construction industries. The action plan describes the industries own targets and 27 measures to reach these targets. The targets were
• All environmentally hazardous waste should be handled in a safe and secure way
• No waste should be illegally disposed
• By the end of 2005 should no more than 30 % of construction waste be disposed
• By the end of 2005 should new buildings be planned so
o Amount of waste are less than 50 % compared to 1998 level
o Source separation when possible as an integrated part of the construction work
o Every building should be planned with the though of reuse of material and environmental friendly demolition
When updating the action plan for the period 2007-2012, the ambitions were higher, and before 2012 at least 80 % of the C&DW should be recycled or reused.
4.6.1.6 Green taxation
Norway has a long experience with environmental taxation. Taxes have been introduced to
reduce environmentally harmful emissions to air and water, and to reduce the amount of waste
generated. Taxation had of course an environmental impact long before taxes was established
as an instrument in environmental policy. Already in 1931 Norway introduced a petrol tax. The
first tax that had an explicit environmental purpose was levied on sulphur in mineral oil in
1971. However, a wide-spread use of environmental taxes was not seen until the late 1980s and
early 1990s. Taxes on mineral fertilisers, pesticides and lubricant oil were introduced in 1988,
CO2 tax on petrol, auto diesel oil, mineral oil and the petroleum sector (only offshore) in 1991,
while the sulphur tax on mineral oil was increased substantially. Since the early 1990s tax instruments have played an important role in providing incentives for cleaner production and consumption patterns, even though regulation has remained the main policy instrument to abate environmental damage.
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Environmental taxes are imposed to use of fossil fuel, waste, health and environmental hazardous substances, greenhouse gasses, and package.
4.6.2 Methodologies and tools
Several tools for environmental assessment of buildings, construction and built environment,
and also for decision support in planning and design, have been developed and introduced in
the Norwegian marked. With a more global construction industry, were the larger developers
are working in more countries, also international assessment systems, as LEED and BREEAM,
are introduced on the Norwegian marked.
4.6.2.1 ECOprofile
Ecoprofile for buildings started in 1994 when the Environmental Protection Department created a branch based, public steering committee for the development of a national method for
environmental assessment of buildings. The method was meant to be used in the purchase and
take-over of existing buildings, in connection with project engineering and renovations, additions and building of new buildings. The method was tested on 11 large commercial buildings
in a pilot project in the fall of 1995 (Fossdal et. al., 1995).
In December 1997 the Norwegian Building Research Institute was given the job of completing Ecoprofile for commercial buildings. The project’s contents were however changed in the
spring of 1998 when it became relevant to combine Ecoprofile with the environmental assessment method ”Environmental and Resource Effective Commercial Buildings” that Storebrand
and Gjensidige (two Norwegian insurance companies) had developed on their own initiative.
The goal of the pre-project was to develop a tool to map the three principal areas ”Energy/Power”, ”Indoor Climate” and ”External Environment” for commercial buildings. The
mapping should result in a classification of status for the three main areas, with an associated
identification and prioritisation of measures to improve the condition.
The new Ecoprofile is divided into three principal components: External Environment, resources, and Indoor Climate, and includes 82 parameters. Each parameter is based on a classification scale (1,2 or 3 or larger, medium or lesser environmental impact. These form the basis
for the classification of the sub-areas. Figure 2.2 shows the principles of Ecoprofile.

Figure 4.6. Structure of the three principle components of Ecoprofile

A building’s Ecoprofile can be visualised in two ways. The principal components can be
combined in a bar graph according to large, medium or small environmental impact for external
environment, resources and indoor climate, compared to the average building, see Figure 2.3.
Rose diagrams show more detailed survey results. High values represent a large environmental
impact, see Figure 2.4.
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Figure 4.7. Graphical presentation of results at principal component level

Figure 4.8. Graphical presentation of results as a rose-diagram

Ecoprofile is also developed for residential buildings, and as a planning tool for residential
buildings, giving examples for sustainable solutions.
4.6.2.2 Environmental programming - miljøprogrammering
Environmental programming, www.miljoprogrammering.no, is a web based tool developed
by SINTEF for Oslo municipality and Statsbygg to develope operative environmental programs
in cities and urban areas. The tool helps to obtain better environmental qualities in the public
planning and development. The objectives of the tool are:
• Create consciousness and basis for discussions of which environmental targets to have
in the specific projects
• Contribute to achieve good overall solutions by connecting targets and topics
• Contribute to giving the project a better environmental quality, above minimum level,
by assisting the formulation of verifiable and concrete targets
• Make existing knowledge available for all actors in the building and construction industry
• Make the decision processes more transparent
ECOproduct is a user friendly tool for selection of environmental friendly building products.developed by NAL | Ecobox in cooperation with SINTEF Byggforsk and Norsk
byggtjeneste oda as. ECOproduct is useful for the developers as well as architects, engineers,
and construction companies. ECOproducts is both a methodology for environmental assessment
as well as a data base.
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4.6.2.3 ECOproduct
ECOproduct is a set of criteria that the environmental documentation of a product is compared to. The documentation should be a 3rd part certified EPD. Figure 2.5 shows how a product
result is presented, the main categories are Indoor environment, Health and environmental hazardous substances, Resources, and Global warming potential. The ECOproduct method is based
on the Phd work The MaSe decision support system (Strand, 2003).
Indoor environment
Degassing
Emission of particles and fibers
Health and environmental substances
Environmental harmful substances

2
2
2

Resource use
Raw materials
Energy
Waste
Greenhouse effect
Emission of gases that contribute to global warming

4
6
2
7

Basis of assessment
Declaration type III – controlled by 3rd part
Date of assessment
19.08.05
Moisture resistance
Moderate
Cleaning
Poor
Life
15 years
Figure 4.9. Presentation of ECOproduct results from the ECOproduct database

4.6.3 National codes and legislation
4.6.3.1 Legislation
Topics of importance for Sustainability in construction is treated in several laws and regulations, the most important are:
• The Planning and Building act (1985), with amendments (2005) (under revision). Planning pursuant to the Act is intended to facilitate coordination of national, county and
municipal activity and provide a basis for decisions concerning the use and protection
of resources and concerning development and to safeguard aesthetic considerations.
• Technical Regulations under the Planning and Building Act 1997 (revised 2007, under
revision) which states “The life of works shall in all phases, i.e. execution, usage and
demolition, be managed with a reasonable load on resources and environment, and
without worsening quality of life and living conditions. Materials and products for use
in construction works shall be manufactured with justifiable use of energy and with the
aim of preventing unnecessary pollution. Construction works shall be so designed and
executed that little energy is consumed and little pollution is caused during the life of
the works, including demolition.”
• Regulations on Environmental Impact Assessment with the purpose to ensure that the
environment, natural resources and community are taken into account in the preparation
of plans or projects, and when a decision is made as to whether, and if so on what conditions, plans or projects may be carried out.
• The Public Procurement act (2001) which says that all public bodies under planning of
the procurement should take life cycle costing, universal design and environmental
consequences of the procurement into account.
• The Environmental Information Act (2003) relating to the right to environmental information and participation in decision-making processes relating to the environment
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The Pollution Control Act (1981) with the purpose to protect the outdoor environment
against pollution and to reduce existing pollution, to reduce the quantity of waste and to
promote better waste management.
• Product regulation – regulations relating to restrictions on the manufacture, import, export, sale, and use of chemicals and other products hazardous to health and the environment
The public procurement act clearly specifies that public authorities shall when planning procurements have regard to the resource implications and environmental consequences of the procurement. The related regulations do specify that the tender documents have to describe the
performance, either as a requirement specification or by use of functional requirements. When
formulating the requirements the life cycle costs and environmental impact of the procurement
should be emphasised. Preferable it should be set concrete environmental requirements to the
products performance or function.
The public procurement act should ensure that the public buildings and construction related
activities have a life cycle approach, and that life cycle thinking is an integrated part of the
processes. By using performance requirements the act should also initiate innovation and innovative solutions.
The technical regulations are also performance based, and give few exact values for impacts
of construction works. The only specifications are related to energy use, where the main requirement says that buildings shall be executed in a way which promotes low energy demand.
Further, there are specifications for maximum energy demand, examples given in Table 4.6.
To improve the energy efficiency the maximum energy demand will be updated at least every
5 year.
•

Table 4.6. Maximum energy demand in different building categories
Building category
kWh/heated area year
Single family houses
125 + 1600/heated area
Appartement buildings
120
Kinder gardens
150
Office buildings
165
Schools
135
Universitet/høyskole
180

Norway has implemented the EPBD as part of the EEA agreement, and the first Energy certificates are issued in 2009. For residential buildings the system is based on self-evaluation.
New building which fulfil the regulations minimum requirements will normally be classified as
C.
4.6.3.2 Standardisation
Standardisation is an important tool for more sustainable construction. Standards describe
methods, rules, and tools for descriptions, calculations, and documentation, and hence are helpful to ensure transparency and comparability.
International and European standards are often incorporated as Norwegian standards. For
sustainability in construction important standards are the work of ISO TC59 SC 14, ISO 15686
Service life planning, SC 17 Sustainability in building construction, and CEN TC350 Sustainability of construction works.
On the basis of these European standards, also taking into account EPBD and other directives
or regulations, the construction industry has initiated a project within the industry, supported by
research organisations, to achieve consensus on calculation and assessment rules, and in the
next phase, criteria, for assessment of buildings and constructions with related products and
systems.
Also Norwegian standards are of importance for achieving more sustainable construction.
The last addition is the NS3466:99 Environmental programme and follow-up system in the construction sector. This standard gives the requirement to content in a building or construction
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projects environmental programme and the follow-up system, and points out which processes
and evaluations that shall lead to the decisions of solutions.
For energy use the Norwegian standard NS3031 give the rules for calculation of energy demand, in addition the prNS3700 Criteria for low energy and passive houses – residential buildings.
Another standard important for ensuring life cycle thinking is NS3454 Life Cycle Costing.
The standard is no in revision.
4.7 SUSTAINABLE POLICIES AND APPROACHES: THE POLISH CASE
4.7.1 General information
4.7.1.1 Association with the European Communities
The decision of the Polish Government on the association with the European Communities in
1991, and then subsequently, on submitting Poland’s Application for Membership to the European Union on 8 April 1994, has established a strategic goal of Polish foreign policy - i.e. integration with the EU. Since then, all the action undertaken by the Government were aimed at the
adaptation to the EU requirements. Generally speaking, there have been three fundamental reasons for advocating Poland’s accession to the EU and Polish presence in the EU, namely, economic considerations, political reasons, and social reasons. It is for the same three reasons that
the EU should adopt and accept Poland as a Member State enjoying equal status and rights.
4.7.1.2 National Development Plan
The next phase in Poland’s preparation to the EU membership and to obtaining Structural
Funds and Cohesion Fund, is the preparation of the National Development Plan (NDP) 20042006. The goal of the National Development Plan between 2004-2006 and its strategy should
take under consideration not only the perspective of the first few years after joining the EU, but
also address challenges to be shared by all EU countries in the next programming period, at
least until 2013. The sum total of EU and Polish funds potentially engaged in the implementation of the National Development Plan for the next programming period should make possible
the continuation of the development strategy to be implemented within the next few years and
concerning the scope of modernization processes, and that of shaping the socio-economic situation of the entire country and its regions.
The strategic goal of the National Development Plan consists in increasing the development
of a competitive economy based on know-how and innovations, able to ensure long-term, sustainable development, growth of employment, and the achievement of social, economic and regional cohesion with the European Union on a regional and national levels.
The goal formulated in this manner is in accordance with the basic assumptions of the Government’s economic program for 2002-2025, referring to innovativeness, development and employment. It is also a direct extension of the goals formulated in the Preliminary National Development relating to structural activities, co-financed between 2000-2013 by the resources
from EU funds. It is also to promote creation of the foundations for strengthening competitiveness of Polish economy and improving the standard of living in the perspective of joining the
European Union.
4.7.2 Polish Sustainable Development Strategy
4.7.2.1 Sustainable Development Strategy for Poland up to 2025
Polska 2025 has a relevant time-frame until the year 2025 and tries to include this demand by visions of the future society, economy and environment. The Strategy contains 3 parts:
1. Visions for sustainable development, goals and political backgrounds.
2. Policy fields and measurements in relation to society, economy and (national) state, including
environment.
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3. Implementation and monitoring.
The study’s main topics are:
-dynamics of the economic growth,
- life standards,
- level of employment as well as
- quality of the environment and rational use of resources.
An important focal point and a distinguishing feature of the Polish approach is the role of the
family, which is considered as the basis for a good functioning society. The strategy denotes the
importance of „to assure the growth of wealth of Polish families, to strengthen their material independence and their feeling of security“. The Polska 2025 defines wealth as covering the material
needs, but also to enabling people to achieve a better life in a healthy environment. The aspect of
security is conceptualized very widely: Pension securities for older people, health and life protection, compliance with law, external security (assuring the sovereignty of the country) and ecological security, which includes the rational use of resources. Other chapters of the Polska 2025strategy deal with the education system, science and research, or the structure of economy: development of the national innovation system or the modernization of agriculture and traditional industries as well as developments in energy-, transport- and communication infrastructure. The protection of the environment is part of the “State”-Chapter, like spatial structure and regional
development. Finally the strategy takes international agreements into account, including concepts
defined in the V and VI EU-Programme with regards to environmental protection and sustainable
development of the European Union, the Agenda 21 and the Transformation Programme towards
sustainable development of the OECD.
4.7.2.2 Other national plans and strategies
Polska 2025 is an overarching strategy that aims at creating the structural frame and direction of
development for other national and regional strategies or plans such as:
• Second National Environmental Policy (from 2000);
• Strategy of Public Finances and the Economic Development in Poland 2000 -2010;
• National Strategy of Regional Development 2000-2006;
• Concept of the Spatial Management of the Country;
• National Strategy of Employment Growth and Development of Human Resources;
• A National Strategy for the Conservation and Sustainable Use of Biological Diversity – Together with an Action Programme (from 2003);
• National Strategy of Environment Protection 2000-2006;
• National Strategy of Transport Development 2000-2006;
• National Plan of Development 2004-2006;
• Polish Energy Policy up to the Year 2020;
• Polish Climate Policy up to the Year 2020 (from 2003);
• WSSD Implementation Plan (from 2003);
• Strategy of Sustainable Development of Production and Consumption. .
4.7.3 National Strategy for Environmental Protection
4.7.3.1 Premises of national strategy
National Strategy for Environmental Protection consist mainly of developed in 1990 document
The Environmental Policy of the State, which significantly contributed to ecologisation of the
structures of the state. Due to a growth of ecological awareness of the society, growing investment outlays for proecological tasks and scrupulous implementation of legal and economic
mechanisms of The Policy. we noted a reduction of environmental pressure and a general improvement of environmental quality. Therefore, it can be said that The Policy was effective and
served its purpose. After a decade of functioning of The Environmental Policy of the State there
are reasons for its verification to include new tasks and to carry out the ones, which have not
been completed.
The overall objective of The 2nd Environmental Policy of the State is to ensure ecological
security of the country (its in-habitants and its social and natural resources), as well as determi-
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nation of the strategy of sustainable development of the country. We have to implement such
model of growth, which would guarantee effective realization, and control of environmental use
by all the people in the manner which would not threaten the quality and preservation of environmental resources.
The following premises were adopted as the basis and the highest priority of the development
of the new environmental policy of the state:
- Pursuant to the Constitutional Act of the Polish Republic the state is to ensure environmental
protection in accordance with the principle of sustainable development; it is further stated in
the aforementioned document that environmental protection is the obligation of. public government which through the adopted policy should ensure ecological security to both contemporary and future generations;
- The highest priority of the policy of the Republic of Poland is man, and consequently, it is
man who will be the highest priority of the environmental policy of the state;
- Man lives in natural environment; maintenance of the balance in that system requires a coherent and integrated management of the access to environmental resources and liquidation and
prevention of adverse environmental effects of man's economic activity;
- Ecological security of the society and of the national economy is subject to the introduction of
a system of safeguards against adverse environmental effects of man's economic activity, as
well as adequate protection of resources available to man (water, land, forests, protected areas);
- Further social and economic development should be based on the principle of sustainable development resulting due to adverse effects (to the environment, to human health and also to the
economic activity itself) of the hitherto intensive economic growth with uncontrolled and often
irrational use of natural resources;
- Poland maintained and still has large areas of unique natural values and rich biological diversity, which should be subject to special protective activities.
4.7.3.2 Principles of national strategy
The 2nd Environmental Policy of the State specifies the twelve principles emphasizing the priority position of sustainable development in the implementation of the environmental policy of
the state, namely:
l) the principle of sustainable development - the most important principle of the environmental
policy of the state on the turn of the century;
2) the principle of far-sightedness - providing for solution of the problems as soon as there appears a justified probability of a hazard and not after it has already appeared and been identified;
3) the principle of integration of environmental policy with the policies of other sectors - i.e.
the integration of environmental goals together with economic and social goals into the policies
of other sectors;
4) the principle of equal access to natural environment – meaning intergenerational equity and
equal treatment of man and nature;
5) the principle of regionalization - i.e. more powers for local government and coordination of
regional policy with regional ecosystems in Europe;
6) the principle of socialisation - i.e. the creation of institutional, legal and material framework
for the participation of citizens groups and extra-governmental organisations in the implementation of the environmental policy of the state;
7) the "polluter pays" principle - holding the polluter responsible for environmental pollution
effects;
8) the principle of prevention - emphasising the need to prevent adverse environmental impact;
such impact should be taken into account at the very planning stage;
9) the principle of best available techniques (BAT);
10) the principle of subsidiarity - meaning that the European Union is under-taking the activities which do not fall within its discretion, only if the objectives of the proposed activities cannot be achieved by the Member States;
11) the principle of saving clauses - meaning the right allowing the Member States in justified
cases to use stricter measures than required under the Community environmental law;
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12) the principle of ecological effectiveness and economic (cost) effectiveness - applied in selection of environmental protection investment projects.
4.7.3.3 Stages of implementation process
The 2nd Environmental Policy of the State provides for the three stage implementation process:
a) Stage one - the years 2000-2002 -implementation of short-term objectives during the period
of applying for the European Union membership. The overall objectives of that stage include:
- reduction of adverse impact on human health and on the environment of the so-called „hot
points" i.e. the most industrialised and urbanised areas including large point sources of pollution, the areas of the former Soviet military bases and old dumping grounds for pesticides and
other hazardous substances and waste;
- the necessary (in the accession process) adjustment of national legislation to the Union legislation and the reform of the mechanisms of environmental protection management to adjust the
latter to the Union requirements;
- successive implementation of legal solution adopted in the years 2000-2002 and adoption of
the requirements of the Union environmental law;
- successive integration of the objectives of environmental policy with the objectives of sector
policies and development programmes for other sectors;
- creation of legal and organisational conditions for the implementation by Poland of international conventions on natural environment;
- full implementation of the reform of the state management in all institutions related with environmental protection, in particular on the poviat and voivodship level and in relevant administrative agencies;
- improvement of the system of environmental emergency prevention and development of the
system of ecological rescue and liquidation of the effects of such emergencies;
- initiation of the introduction into the environmental policy of the state of modern and effective
mechanisms and procedures from the field of economics, finances and planning and management; their implementation is to be completed during the next stage.
b) Stage two - years 2003-2010 - implementation of medium-term objectives during the first
years of the European Union membership. The overall objectives of that stage include:
- significant improvement of environmental quality;
- implementation of environmental regulations and standards of the European Union, the provisions of international conventions (regional and global), arrangements of bilateral agreements
with the neighbouring states;
- further strengthening of the institutional framework to ensure effective realisation of farsighted strategy of sustainable development of the country;
- continuation of the implementation of modern mechanisms, methods and procedures of realisation of environmental policy, including the achievement of environmental goals of sector
strategies and programmes.
c) Stage three - after the year 2011 -implementation of long-term objectives under The Strategy
of Sustainable Development of Poland for the Period Ending 2025, prepared by the Council of
Ministers on the basis of the Seym’s resolution of March 2, 1999. The overall objectives of that
stage include:
- strengthening of the Constitutional principle of sustainable development as the permanent basis of economic and social policy of the state, of self-government bodies, social institutions and
the very citizens through appropriate political, legal and administrative and organisational actions and through active ecological education facilitating the development of pro-ecological attitudes and behaviour;
- strengthening of the principles of effective control by the state of the strategic environmental
resources (water, forests, mineral resources);
- full integration of the environmental policy of the state with the policy of other sectors of
economy, spatial planning policy and regional policy, as well as consumer policy through appropriate modification of the existing sector programmes or development of new programmes
adjusted to the proposed strategy of sustainable development of the country;
- a thorough reconstruction of the model of production and consumption towards the improvement of effectiveness of energy and resources consumption and minimisation of adverse impact
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on human health and environment of any forms of economic activity and civilisation development;
- introduction of the mechanisms of response to new challenges in environmental protection
which will appear as a result of application of new techniques and technologies;
- resignation, due to the principle of farsightedness, from some achievements of science and
technology which might have adverse environmental impact (e.g. certain biotechnologies);
- as complete as possible repair of environmental damages and the creation of a system preventing such damages in the future ( e.g. due to the deficiencies of market mechanisms);
- preservation of the existing ecosystems (including natural habitats and the flora) of high natural and cultural value, as well as other areas important from the point of view of environmental
protection;
- preservation of areas of adequate size and of high recreational value as the base for effective
rest and recreation;
- reconstruction of areas of high natural values;
- effective growth of the value of production in agriculture and forestry through better use of
biological potential of agricultural and forest production area and through the improvement of
technological and ecologically healthy quality of the products while preventing excess intensity
of production processes and intensive farming and breeding methods which might threaten biological diversity.
4.7.4 Conclusions
The main goal of the socio-economic policy is to ensure the growth of welfare of the Polish
families, to strengthen their material independence and safety. Such defined head goal takes
into account social order, which is based upon recognising human rights, accepting family values, abiding by subsidiary principles and protecting common well-being, national identity and
sovereignty by the state. Polish government aims at reducing a development gap with relation to
highly developed countries and attaining standards of living that are comparable with the average within the EU. The strategy includes environmental protection, rational use of and access to
natural resources, better quality of life in clean and natural environment, more rational consumption of energy and resources, as well as more rational use of labour force, development of
environment-friendly technologies and principles of preserving Poland’s cultural heritage and
its natural history.
The implementation of the sustainable development in Poland at regional level is strictly related
to the constitutional, legislative and administrative changes introduced in Poland during the last
14 years of transformation towards market economy, bound up in recent years with the process
of preparation to the European Union membership. The main strategic principles and directions
should be set at the central level, but more detailed planning, implementation and monitoring
can also be undertaken at a decentralised level, with appropriate transfer of resources and authority.
4.8 SUSTAINABLE POLICIES AND APPROACHES: THE PORTUGUESE CASE
4.8.1 Introduction
At the Portuguese level, Sustainable Construction has long being recognized as an important
goal, although only few objective actions have been implemented over the last years. However,
given the emphasis of the European Community on the issue and the mandatory adoption of
European Directives in Member countries, initiatives towards the effective application of the
principles of Sustainable Construction are gaining a major importance in the construction sector.
The National Strategy for Sustainable Development and the respective plan of implementation were endorsed by Resolution no. 109/2007 (Resolução de Conselho de Ministros nº
109/2007). This strategy was elaborated in order to meet the guiding principles of the European
strategy. Its main purpose is the development of a model for sustainable development to make
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Portugal, by 2015, one of the most competitive and attractive countries of the European Union,
in the frame of high economical, environmental and social standards.
In addition, the competitiveness in the construction sector has been forcing stakeholders to
take actions in order to prove their awareness of the problem and to show their responsibility in
terms of social, economic and environmental aspects. This can be seen by the increasing demand for certifications by the construction and real estate sectors. Also, construction materials
manufacturers are aware of the importance of promoting the green credits of their products, and
the use of green labels and EDPs is becoming more and more popular.
A few national initiatives are being developed in the country in order to promote the principles of sustainable construction. Some of these actions are described in the next paragraphs:
 Centro
HABITAT
–
Plataforma
para
(http://www.centrohabitat.net/apresentacao.htm)

a

construção

sustentável

Centro Habitat is an innovation platform for sustainable construction, created in 2007. This
platform is based on a network of R&D centres, local authorities and companies related with
the Habitat cluster, with the main goal being the concentration of resources in order to socially
and economically value the knowledge, seeking to state an expertise on sustainable construction. Among other aims are:
• Production of know-how associated to the sustainability of the built environment
• Dissemination of knowledge through specialized formation actions
• Maintenance of a information system oriented towards sustainable construction
• Detection and management of innovation opportunities for the members
• Promotion of innovation projects and integration in the Habitat cluster
• Promotion of a set of recommendations related to construction sustainability in the
habitat cluster
 iiSBE Portugal – Iniciativa Internacional para a Sustentabilidade do Ambiente Construído (http://www.iisbeportugal.org)
iiSBE Portugal is a non profit organization, created in 2007, that represents at national level
the mission of the International Initiative for a Sustainable a Built Environment (iiSBE). In order to promote and disseminate the aims of Sustainable Construction, the following actions are
foreseen:
• To teach qualified experts in Sustainable Construction Assessment (SCA)
• To adapt SBTool to Portuguese background;
• To certify buildings in terms of sustainability;
• To be a national Forum regarding sustainable construction initiatives that are being developed in several regional and local entities involved in the sustainable construction;
• To promote and be represented in normative and legislative initiatives
4.8.2 Methodologies and tools
Life Cycle Analysis (LCA) is not part of current practice for most architects and engineers.
The advantages and importance of LCA are being recognized but yet its use is still very limited.
Life cycle cost analysis are however more common, particularly by agencies that are responsible for the operation and maintenance of facilities for long periods of time (e.g. road authorities).
To give answer to the increasing demand for building certifications, tools for the sustainable
assessment of the built environment are being developed. One of these tools is the SBTool Portugal – Building Sustainability Assessment Tool (SBtoolPT) (http://www.iisbeportugal.org).
The “SBtoolPT” building sustainability assessment methodology is a result of a research work
from the University of Minho (DEC), with the main purpose to develop and propose a generic
methodology to assess the sustainability of existing, new and refurbished buildings in urban areas, taking into account the Portuguese context.
As a first step, a methodology to assess the sustainability of residential buildings has been
developed (SBToolPT-H). The reason for this priority is the fact that most of the impacts related
to the construction sector are related to the housing sector.
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The following requirements were taken into account in the development of the SBToolPT-H:
• A set of parameters wide enough to be meaningful and to comprise the most relevant
building impacts, but at the same time limited enough to be feasible (fifty parameters at maximum);
• Whole building assessment, based upon the state-of-art methodologies, and considering ongoing standardization;
• Balancing between all different dimensions of sustainable development (environment, societal and economics);
• Limitation or exclusion of subjective and/or qualitative criteria that are hard to validate (e.g. aesthetics and technical innovation);
• Improved reliability through the use of accepted LCA methods for environmental
performance;
• Assessment output and certification label that is easy for building users to interpret
and understand, and enabling clients and designers to work with.
• Validation of the work by the development of a prototype tool and application on
case study buildings.

Figure 4.10. SBToolPT-H building sustainability certificate

The SBToolPT-H is based in the international approach SBTool (http://www.iisbe.org), and in
harmonization with CEN/TC350 draft standards “Sustainability of Construction Works – Assessment of Environmental Performance of Buildings”. This methodology allows future rating
and labeling of buildings, in analogy with the Energy Performance of Buildings Directive
(EPBD).
In terms of outputs, the methodology adopted a similar approach to the one used in existing
labeling schemes such as the EU energy labeling scheme for white goods and the European
DisplayTM Campaign posters. The performance of a building is measured against each category, sustainable dimension and global score (sustainable score), and will be ranked on a scale
from A to G. Where, A is the best score, G the worst score, and F the score of the conventional
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solution. Figure 2.8 represents the certificate of the SBToolPT-H methodology for a hypothetical
case study.
For SBToolPT-H to be used as a rating system, validation by an independent third party is
mandatory. When a formal certification is intended, the design team, or the project owner, has
to submit to iiSBE Portugal the preliminary self-assessment results and design documentation.
Then the project will be assessed and certified by an independent qualified expert in Building
Sustainability Assessment (BSA). The building sustainability certificate is, at the end, issued
both by iiSBE Portugal and iiSBE International. The certification process of a building is represented in Figure 2.9.
This methodology is, currently, at the final stage of development and, until now, it has not
being applied to a real case study. Therefore the consequences of its application in the Portuguese construction market are still unknown. Nevertheless the methodology is intended to foster the awareness of Portuguese stakeholders in the construction sector. Simultaneously, it will
allow adequate policy implementation on sustainable construction, since it supports measures
towards the sustainable design and construction, through the definition of a list of objectives
that are easily understandable by all intervenient in the construction sector and that are compatible with the Portuguese construction technology background.
Other examples of tools developed in Portugal are given below:
• LiderA Approach - Leadership by Environment (www.lidera.info), which is a voluntary
rating system, based on LEEDs, but adapted according to national demands.
• EcoBlock (http://gasa.dcea.fct.unl.pt/ecoblock), which is a voluntary eco-label system for
products or companies, based on a simplified life cycle analysis.
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Complete
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Figure 4.11. Certification process of a building according to SBToolPT-H

4.8.3 National codes and legislation
Portugal has been adopting a series of measures to implement European directives related to
Sustainable Construction into the national law. Most national codes and legislation, relevant to
the sustainability of the construction sector, are derived from this process.
i) Energy regulation
In 2006, the Portuguese Government has adopted three Decrees that, together, constitute the
transposition of the EPBD (European Directive 2002/91/CE, 2003) into national law:
• Decree 78/2006 – It creates and defines the operational rules for the System for Energy
and Indoor Air Quality Certification of Buildings (SCE);
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• Decree 79/2006 – RSECE (2006) – It establishes the new revision of the Regulations for
HVAC systems, including requirements for regular inspection of boilers and airconditioners;
• Decree 80/2006 – RCCTE (2006) - It establishes the new revision of the Thermal Regulations for Buildings.
These new/reformulated regulations specify requirements for new buildings and major renovations, which became mandatory since 3 July 2006.
The main objectives of the SCE are:
• To assure that the buildings fulfil the requirements included in RCCTE and RSECE, related to energy efficiency, use of renewable energy systems, and the indoor environment conditions;
•To certify the energy performance and the indoor air quality in buildings;
• To identify the appropriate measures or necessary improvements to archive higher energy
performance.
The RSECE defines hygienic and thermal comfort conditions. It enforces rules for the efficiency of HVAC systems, for its maintenance, and for the indoor air quality. The main objectives of RSECE are:
• To assure the thermal comfort and indoor air quality conditions in buildings;
• To limit the energy consumption in buildings (by determining the maximum limits);
• To assure the quality of HVAC equipment in buildings (design, installation and maintenance);
• To ensure the renovation of the energy certificate (the certificate has a validity of 10
years or 6 years in case of services buildings with a total net floor area over 1000 m2).
The RSECE is applied in two different phases of the building life-cycle: design and operation. During the design phase, this law is used for the appropriate sizing of the HVAC equipment and to estimate the energy consumption. In the operation phase it is used to verify the estimated energy consumption. This regulation mainly concerns large buildings (net floor over
1000m2) or buildings with centralized HVAC systems, with an installed power over 25kW.
Residential and service buildings with a net floor area lower than 1000m2 and/or with a centralized air-conditioned system, with an installed power bellow 25kW, are covered by RCCTE.
RCCTE is applied both to new buildings and large refurbishing works (cost of the works 25%
higher than a new building with the same characteristics). Compared to the former one, this
new regulation of the thermal behaviour of buildings, almost duplicated the thermal performance requirements in both new and renovated buildings and imposed the use of solar collectors
for hot water heating, whenever it is suitable their application.
The main objectives of the RCCTE are:
• To set the limits in the primary energy consumption per net square area of the buildings;
• To set the requirements for thermal comfort, during the heating and the cooling seasons
as well as the minimum ventilation requirements in order to assure acceptable indoor
air quality levels;
• To set the maximum U-value for all construction elements of the envelope;
• To impose the use of minimum shadow devices in all windows;
• To set the maximum energy consumption for sanitary hot water production, including the
mandatory use of solar collectors for all buildings;
• To set the minimum quality and efficiency requirements to all cooling and heating systems (for non residential uses).
The energy certificate is aimed to inform the building’s users, owners or potential buyers
about the energy performance of the whole building or part of it (Figure 2.10). Energy certification is compulsory to obtain the operation permit of new buildings, in case of major refurbishing operations, when a residential or service building is sold or rented (the maximum validity of
the certificate is 10 years) and it should be renewed each 6 years in case of service buildings
with a net floor are over 1000m2.
The main content of the energy certificate (CE) is the Energy Performance Label. This label
is divided in 9 energy classes. The energy class results from the ratio between the global annual
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calculated demand and the maximum allowed global annual primary energy demand for heating, cooling and hot water heating.
A+ is the best performance class and is followed by the A, B, B-, C, D, E, F and G (worst)
classes. Besides that the energy certificate gathers other information such as: description of the
building; energy improvement measures and new energy class if they are considered; and description of the characteristics of the building’s envelopes and acclimatization systems.
Certification is mandatory for all new buildings requesting a use permit after mid 2007. For
public buildings, a certification is needed from 1 January 2008 or 2009, depending on size.
Other buildings when rent or sold must have an energy performance certificate from 1 January
2009.
Inspections of boilers and air-conditioners are covered by RSECE and they shall become
mandatory from the 1st January 2009. The procedures for inspection of boilers and air conditioning systems are still under discussion.
Energy assessment

RSECE
DL 79/2006
Services

RCCTE
DL 80/2006
Residential

Energy certification and
emission of the certificate

Figure 4.12. Energy certification system in Portugal (Decree-Law 78/2006)

ii) Materials regulation
Currently many Portuguese construction products have the CE marking in conformity with
European directives.
The CE marking signifies that the products are suitable for construction works and satisfy the
following essential requirements (one, some or all of these requirements may apply):
• Mechanical resistance and stability
• Safety in case of fire
• Hygiene, health and the environment
• Safety in use
• Protection against noise
• Energy economy and heat retention
Such requirements must, subject to normal maintenance, be satisfied for an economically
reasonable working life.
Besides the certification provided by the mark, products assigned with the EC mark must be
allowed free movement and free use for their intended purpose throughout the European Community.
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iii) Construction waste regulation
The transposition of the European Directive 2006/12/EC (2006) to the Portuguese law, gave
rise to the revision of previous legislation and to the creation of a new legislative framework,
decree no. 178/2006 [5], for the general management of waste. The management of waste from
construction and demolition has been done according to the general requirements in this law.
However, the complex management of this kind of waste, very often, create problems in the application of current legislation. Therefore, in March 2008, decree no. 46/2008 [6] was published that introduces a legislative framework for the specific management of construction and
demolition waste. Among others, a new mandatory requirement in this law specifies a previous
selection of the construction and demolition waste before its deposition in landfills, thus promoting the recycling of waste and the minimization of waste in landfills.
iv) Green public procurement
Following guidance from the European Commission, the Portuguese government approved in
2007 the National Strategy for Green Public Procurement, for the period 2008-2010, by a resolution of the council of ministers (Resolução do Conselho de Ministros nº 65/2007). This strategy identifies the construction of public works as a priority area for which public entities
should start their policy of green purchases. As a global aim it is expected that by 2010, 50% of
all public procurement will include environmental criteria in their tender proceedings. The national strategy defined general and specific criteria to support the implementation of green purchases and foreseen the introduction of new requirements regarding green purchases in the new
code of public contracting (D.L. nº 18/2008). General criteria includes energy efficiency, reduction of greenhouse gases, prevention of pollutants’ emissions, waste reduction, recycled content
of products, minimization of environmental impacts and preservation of nature and biodiversity. However, no guidelines or procedures are currently provided for the quantification of
those criteria.
4.8.4 Eco-labels and EPDs
Following the European context of Integrated Product Policy, eco-labelling is being encouraged
as a market tool in order to promote the trade of products with low environmental impacts and
to stimulate consumer demand for greener products
International certification systems such as EMAS and ISO14001 are being achieved by companies and entities as part of their internal policies towards sustainable development. An example of a national certification system (voluntary) for the real estate sector was developed by the
SGS Group Portugal (http://www.pt.sgs.com/pt/). Two systems were created: DomusQual and
DomusNatura. While the first provides a certification in terms of the quality and conformity
with technical requirements of the construction work, the second system provides a certification
in terms of the sustainability of the construction (involving environmental aspects, energy efficiency, etc)
The most common eco-label in Portugal is the European Eco-label, which is regulated by
“Regulamento (CE) no. 1980/2000”.
The Portuguese Agency of Environment (http://www.apambiente.pt/) presents an eco-label,
“Remade in Portugal”, which aims to promote recycling of products. It is a voluntary label and
can be applied to any product (except food and medical products) with a recycled content
higher that 50%.
Currently, the development of EPDs is very limited, although, taking into consideration current policies, it is foreseen that the demand for EPDs will increase in the near future. One of
few examples of Portuguese EPDs is a simplified EPD for concrete products developed in the
framework of the European project “Stepwise EPD” by CONCRETETOPE – Fábrica de betões,
S.A. in coorperation with INETI/CENDES (Carvalho, )
The Centro Tecnológico da Cerâmica e do Vidro (CTCV) has also published some environmental data for benchmarking about the national production of ceramic bricks and tiles
(Amaral, 2005).
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4.8.5 R&D Case studies
4.8.5.1 Sustainable Housing in Europe (SHE) – Portuguese Pilot Project
The Portuguese Pilot Project was the first sustainable social housing project in Portugal and a
detailed description was provided in Chapter 3, section 3.2.1. Therefore, no further details are
provided in this section.
4.8.5.2 Edifício Solar XXI – demonstrative project in the field of renewable energies and energy efficiency in buildings Sustainable Housing in Europe – Portuguese Pilot Project
This project was developed by Instituto Nacional de Engenharia, Tecnologia e Inovação
(INETI) (http://www.ineti.pt/projectos/projectos_frameset.aspx?id=325), in order to prove that
it is possible to build energy efficiency buildings without significant over costs. This project
aimed to highlight the advantages of solar energy (thermal and photovoltaic) in buildings. The
thermal optimization strategy included the integration of photovoltaic panels in the southern façade of the building, the use of solar thermal collectors for the heating and the integration of a
cooling system by air ventilation through the ground floor of the building.

Figure 4.13. Edifício Solar XXI (INETI)

4.8.5.3 Affordable Houses: A modular concept of a steel residential house
An international research project was launched by ArcelorMittal in 2009 with the goal to promote a low-cost dwelling adapted to the needs of society. This challenge involved eight universities around the world. In Portugal, this challenge was taken by a comprehensive team composed by several architects and engineers from the University of Coimbra (Murtinho et al.,
2010).
For the development of the solution several stages were needed. In the first stage, together
with the preliminary architectural project, a detailed analysis of the socio-economic characterization of the country was undertaken. The aim of the latter was to provide the team a perspective of current supply and demand in relation to the real estate sector. Based on this study, it
was decided to focus the project on a dwelling for a standard family of a couple and two children (three main bed-rooms). The proposed solution is illustrated in Figure 4.14.
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Figure 4.14. General perspective of the developed modular solution (Murtinho et al., 2010)

Furthermore, a modular concept was defined (see Figure 4.15) in order to be flexible and
adaptable to future demands of the family. This modular concept enables, besides it adaptability
for future requirements in the same house, a definition of many other types of solutions to fulfill particular demands, such as urban and topography constraints.

Figure 4.15. Definition of the modular concept (Murtinho et al., 2010)

The estimated nominal cost for the proposed solution was about 550 €/m2 (VAT not included),
which showed the competitiveness of the solution in comparison with typical traditional construction (Murtinho et al.). Nevertheless, despite being a construction system with a lower
price, it did not mean that the quality standards were lower as well. The solution was properly
detailed in order to achieve high quality standards with respect to thermal and acoustic behaviour, contributing to the well-being of the users. Moreover, the proposed solution provided an
adaptable system to future demands of the family, enabling to extend the service life of the
structure beyond the period of 50 years assumed in the analysis.
4.9 SUSTAINABLE POLICIES AND APPROACHES: THE ROMANIAN CASE
4.9.1 Introduction
The Government of Romania through the Ministry of Environment and Sustainable Development and the United Nations Development Program through the National Centre for Sustainable Development have created in July 2008, the National Sustainable Development Strategy Romania 2013-2020-2030.
This National Strategy aims to connect Romania to a new philosophy of development,
adopted by the European Union and widely shared globally—that of sustainable development.
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Close to the end of the first decade of the twenty-first century, after a long, traumatic transition to pluralistic democracy and a market economy, Romania still needs to overcome significant gaps relative to the other Member States of the European Union, while seeking to absorb
and implement the principles and practice of sustainable development in the context of globalization. Despite the notable progress it has made in recent years, it is a fact that Romania’s
economy still relies on intensive consumption of resources, society and the administration have
yet to develop a shared vision, while the natural capital faces the risk of degradation that may
become irreversible.
This Strategy sets specific objectives for moving, within a reasonable and realistic timeframe, toward a new model of development that is capable of generating high value added, is
motivated by interest in knowledge and innovation, and is aimed at continued improvement of
the quality of life and human relationships in harmony with the natural environment.
In terms of general orientation, this document addresses the following strategic objectives for
the short, medium and long run:
Horizon 2013: To incorporate the principles and practices of sustainable development in
all the programmes and public policies of Romania as an EU Member State.
Horizon 2020: To reach the current average level of the EU countries for the main indicators of sustainable development.
Horizon 2030: To get significantly close to the average performance of the EU Member
States in that year in terms of sustainable development indicators.
The implementation of these strategic objectives will ensure high rates of economic growth
in the medium and long run and, as a result, a significant reduction of social and economic disparities between Romania and the other Member States of the European Union. Considering the
main indicator that measures convergence in real terms, Gross Domestic Product per person
(GDPcp) adjusted for standard purchasing power parity (PPP), the implementation of the Strategy enables Romania to exceed in 2013 half of the current EU average, to approach 80% of the
EU average in 2020 and to rise slightly above the EU average in 2030.
The commitments that Romania undertook as a Member State of the European Union are
thus going to be fulfilled in conformity with the Treaty of Accession, along with the effective
implementation of the principles and objectives of the Lisbon Strategy and the renewed (2006)
Sustainable Development Strategy of the European Union.
The text of National Sustainable Development Strategy is structured in five parts:
Part I presents the conceptual framework, defines the notions used and describes the main
points of the renewed EU Sustainable Development Strategy of 2006 (EU SDS), the state of
play regarding the preparation of agreed sustainable development indicators, and the relevant
steps Romania has taken during the pre- and postaccession periods.
Part II provides an evaluation of the current condition of Romania’s natural, manmade, human and social capital. This approach is in line with the latest (May 2008) recommendations of
the Joint Working Group for Sustainable Development Indicators formed by the EU Statistical
Office (Eurostat), the UN Economic Commission for Europe (UNECE) and the Organisation
for Economic Cooperation and Development (OECD).
Part III offers a prospective view and establishes precise objectives for the three time horizons, following closely the logic of the key challenges and cross-cutting policies as they are described in the renewed Sustainable Development Strategy of the European Union.
Part IV tackles the specific problems facing Romania and sets targets in order to accelerate
the transformations toward a sustainable development model, while narrowing and closing the
existing gaps in relation to the average performance of the other EU Member States.
Part V contains specific recommendations concerning the establishment and functioning of
the institutional framework designed to ensure the implementation and monitoring of, and the
reporting on, the results of the revised National Sustainable Development Strategy. The proposals take into consideration the experience and established practice of other EU Member States
and envisage some innovative solutions, suited to Romania’s specific circumstances, which are
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aimed at promoting the accountability of public authorities and the active involvement of societal actors in an effort to meet the goals of sustainable development.
Rounding off the objectives included in national development strategies, plans and programmes, this Sustainable Development Strategy sets the main guidelines for action towards
the adoption and implementation of the principles of sustainable development in the immediate
future:
• Rational correlation of development goals, including cross-sector and regional investment
programmes, with the established potential and sustaining capacity of natural capital;
• Accelerated modernisation of the educational, training and public health systems with due
consideration of the unfavourable demographic trends and their impact on the labour market;
• Use of the best available technologies, by both economic and ecological standards, for publicly funded investments at national, regional and local levels, and encouraging the choice of
such technologies on the part of private investors; entrenchment of eco-efficiency standards in
all production and service activities;
• The ability to anticipate the effects of climate change, to prepare solutions for adaptation in
the long run and to develop cross-sector contingency plans comprising portfolios of alternative
crisis-management solutions in case of natural or man-made disasters;
• Ensuring food security and safety by turning to good account Romania’s comparative advantages with regard to increased agricultural production, including organic farming; balancing
the quantitative and qualitative growth of agricultural output for human and animal consumption with the higher demand for biofuel production without compromising the need to maintain
and improve soil fertility, biodiversity and environmental protection;
• The need to identify additional, sustainable financial resources for large-scale projects and
programmes, particularly in areas such as infrastructure, energy, environmental protection, food
safety, education, healthcare and social services;
• Protection and promotion of Romania’s cultural and natural heritage; efforts to meet the
European norms and standards on the quality of life should be pursued together with the revival
of traditional occupations and ways of life in a modern setting, especially in high mountain areas and wetlands.
The objectives set in this Strategy emerged from national and regional debates; they focus on
the maintenance, consolidation, enhancement and continued adaptation of the structural configuration and functional capacity of natural capital as a foundation for the preservation and
augmentation its support capacity and its ability to operate under the pressure of social development, economic growth and the foreseeable impacts of climate change.
The Strategy proposes an outlook of Romania’s sustainable development in the next two
decades by setting objectives that go beyond electoral cycles or opportunistic political preferences. For this reason the National Sustainable Development Strategy was submitted for endorsement by the Romanian Parliament, while the implementation, monitoring and reporting
mechanisms and those for consultation with the civil society and the citizens are regulated by
law.
Parallel to the implementation of the Strategy, the newly established executive and consultative structures will start, in 2009, a process of comprehensive re-evaluation of the national, sectoral and regional plans, strategies and operational programmes in order to make sure that they
are in conformity with the principles and practice of sustainable development and with the
evolving set of relevant EU regulations. Those structures will also be responsible for the preparation of Romania’s views on, and contributions to, further reviews of the EU Sustainable Development Strategy.
The preparation of the revised National Sustainable Development Strategy (NSDS) is an obligation that Romania has undertaken as a EU Member State in conformity with agreed Community objectives and the methodological guidelines of the European Commission.
The document is the result of a joint project of the Romanian Government, though the Ministry of Environment and Sustainable Development, and the United Nations Development Pro-
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gramme, through the National Centre for Sustainable Development in Bucharest. The project
was approved by Government Decision HG No. 1216 of 4 October 2007, published in the Official Gazette of Romania No. 737 of 31 October 2007.
(a) For the execution of the project the following functional and support structures were
created:
• The National Public Debate Council was the main deliberative forum and included
authorised representatives of the relevant ministries and other central government agencies, political parties, business associations, labour unions, scientific and academic community, interested non-governmental organisations and other groups of the civil society.
The Council convened in monthly sessions to discuss the successive versions of the draft
Strategy throughout the elaboration process. The comments, suggestions and recommendations
that were made during the sessions of the Council or subsequently submitted in writing were
considered by the Drafting Group and incorporated in the final version of the Strategy.
The deliberations of the National Council were conducted in open sessions and received reasonable coverage in the media.
• The Regional Consultative Councils convened twice in each of the eight Development
Regions of Romania (in March and May 2008, respectively) with the participation of representatives of local public authorities, associations of elected officials, political parties, universities
and research institutions, business community, chambers of commerce and industry, labour unions, professional associations, nongovernmental organisations and the mass media.
The resulting contributions were examined by the Drafting Group and incorporated in the final version of the Strategy.
• The Scientific Council consisted of members and corresponding members of the Romanian Academy and operated under its aegis to provide a critical review of the scientific accuracy of the draft Strategy.
• The Drafting Group was formed of specialists with recognized professional competencies
in their respective fields of expertise; it prepared the conceptual framework, the thematic summary and the successive versions of the draft Strategy that were subsequently submitted for discussion to the National Public Debate Council, the Regional Consultative Councils and the Scientific Council.
The Drafting Group examined the comments resulting from the deliberative process and
from public consultations, along with the written contributions received from various agencies,
associations, interested groups and individual persons, and incorporated them in the final version of the draft document.
• Working Groups were established within ministries and other government agencies to
provide the necessary factual information for the drafting process. The figures and other data
used in the final version of the draft Strategy were checked and updated with the support of the
National Forecasting Commission and the National Institute of Statistics.
• Administrative support was provided, on the basis of the Memorandum of Understanding
between the Ministry of Environment and Sustainable Development and the United Nations
Development Programme in Romania, by:
The Operational Secretariat was established by the Ministry of Environment and Sustainable Development and was tasked with the coordination of relationships with central and local
government authorities and other partners, and with the management of all official correspondence related to project;
The Technical Secretariat, which operated at the National Centre for Sustainable Development /UNDP, prepared the terms of reference for the selection of the personnel involved in
the project, organized the public debate process and provided the necessary logistical support.
(b) The methodology was designed in accordance with the recommended procedures of the
European Commission and the UNDP practice.
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At an early stage, the conceptual framework was prepared in the form of a draft table of contents that was further expanded to include the main theses to be developed in each chapter.
In parallel, an inventory of the main sources of reference was compiled on the principles, objectives and priorities of sustainable development, providing easy access to relevant official
documents of the United Nations, the European Union and Romanian national plans, strategies
and sectoral operational programmes.
In the following stage, the Drafting Group prepared preliminary versions for all chapters that
were subsequently revised to include data provided by government agencies, to eliminate overlaps and redundancies, and to ensure the coherence of the document as a whole.
The comments and observations that were made in the course of the public debate process
and those that were received in writing from institutions, associations or concerned individuals
were incorporated in the final version of the Strategy, after consideration by the Drafting
Group.
All the documents that were relevant to the elaboration of the Strategy (successive versions
of the draft text, reference sources, minutes of the National Public Debate Council, Regional
Consultative Councils, Scientific Council and Drafting Group meetings, written contributions
and comments received from interested organisations and individuals) were posted on a dedicated Project Website.
The contact points for the project (Ministry of Environment and Sustainable Development,
National Centre for Sustainable Development, and the EurActiv press agency) were publicized
through the mass media in order to facilitate the collection of written comments and contributions from the public.
Along with the drafting process, an English version of the document was produced in order
to obtain informal international consultation prior to the official presentation of the document
to the European Commission. In this yet unfinished format, the draft National Sustainable Development Strategy for Romania was presented at the annual session of the European Chapters
of the Club of Rome (Bucharest, 24-25 May 2008).
(c) The following statistics illustrate the magnitude of the participatory mechanism that
operated during the preparation of the Romanian National Sustainable Development Strategy:
(as of 24 July 2008)
• National debate events: 5
• Regional debate events: 16
• Meetings of the Scientific Council: 3
• Meetings of the Drafting Group, in plenary sessions or expert sub-sections: 21
• Meetings of the Drafting Group co-ordinators with representatives of public authorities, political parties, business and professional associations, labour unions federations, nongovernmental organisations, youth groups and other concerned groups and persons: 39
• Total number of participants in public debate sessions at national level: 104
• Total number of participants in public debate sessions organised at regional level: 599
• Total number of interventions in public debate sessions at national and regional levels: 143
• Total number o written comments, contributions and observations received 147
• Total number of visitors to the website dedicated to the Strategy project
www.strategia.ncsd.ro: an average of 550 weekly hits between November 2007 and June 2008
• Number of draft versions of the Strategy submitted to public debate: 6; number of revisions
38.
4.9.2 Methodologies and tools
Life Cycle Analysis (LCA) is not part of current practice for most architects and engineers. The
advantages and importance of LCA are being recognized but yet its use is still very limited
4.9.3 National codes and legislation
Romania has been adopting a series of measures to implement European directives related to
Sustainable Construction into the national law. Most national codes and legislation, relevant to
the sustainability of the construction sector, are derived from this process and have to deal with
the following fields:
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•
•
•

Energy regulation
Materials regulation
Construction waste regulation

4.9.4 Eco-labels and EPDs
Following the European context of Integrated Product Policy, eco-labelling is being encouraged
as a market tool in order to promote the trade of products with low environmental impacts and
to stimulate consumer demand for greener products.
Currently, the development of EPDs is very limited, although, taking into consideration current policies, it is foreseen that the demand for EPDs will increase in the near future.
4.9.5 Case studies
4.9.5.1 R&D Activity developed at the Politehnica University of Timisoara
• FP6 INCO-CT-2004-509119 / 2004-2008 Earthquake protection of historical buildings by
reversible mixed technologies, Financing authority / Beneficiary: European Union
• RFCS-CT-2007-00050 STEELRETRO / 01.07.2007-31.06.2010 Steel solutions for seismic retrofit and upgrade of existing constructions, Financing authority / Beneficiary:
European Commission - Research Fund for Coal and Steel
• 29/10.10.2005, 2005-2008 CEEX MATNANTECH: Structural systems and advanced
technologies for structures from high- performance steels for buildings located in highseismicity areas - STOPRISC, Financing authority: Ministry of Research and Education
• 1434/27.04.2006: 2006-2008 CEEX-ET, Dual steel structures with removable dissipative
elements for buildings located in seismic areas, Financing authority: Ministry of Research and Education
• 04/15.09.2006., 2006-2008 Advanced training and research interdisciplinary platform
"Centre for advanced studies and research in material and structural engineering". Financing authority / Beneficiary: Ministry of Education and Research
• 184/01.10.2007 TD-407. Solutions for consolidation and rehabilitation of masonry and
reinforced concrete buildings placed in seismic areas using metallic materials. Beneficiary: UEFISCSU
• DIFISEK RFCS-CT-2007-00030, 01.07.2007. Dissemination of structural fire safety engineering knowledge throughout Europe. Financing authority / Beneficiary: European
Union
• 31042/2007 PNCDI2 – PROACTEX. Structural systems and innovative technologies for
protection of buildings under extreme actions taking into account sustainable design
criteria. Financing authority / Beneficiary: ANCS-CNMP
This last project was developed in order to study sustainable building solutions for housing.
Four examples of sustainable mixed building technologies, which combine steel and timber in
the framing and different materials for cladding, roofing and flooring, in order to obtain highly
performance thermo-energetic properties are studied. Some innovative design solutions have
been used in these projects. Three examples present single family houses and one a block of
flats, all of them built in Romania. All the buildings are located in medium and high seismic regions. There are analyzed aspects related to design and detailing, as well as solutions for cladding and roofing, including structural features, thermo-energetic performance and cost efficiency analysis.
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Figure 4.16. Bulzesc’s family house

Figure 4.17. Carmen’s family house

Figure 4.18. Constantin’s family house

Figure 4.19. Block of flats

4.10 SUSTAINABLE POLICIES AND APPROACHES: THE SWEDISH CASE
4.10.1 Government initiatives
4.10.1.1 National environmental goals (http://www.miljomal.nu/english/english.php)
In 1999, 15 environmental quality objectives were adopted by Parliament. A 16th objective, on
biodiversity, was adopted in November 2005. They define the state of environment which environmental policy aims to achieve and provide a coherent framework for environmental programmes and initiatives at national, regional and local level. The objectives, which are aimed to
be reached within a generation, are formulated positively in terms that easily could be understood and communicated to the public.
The environmental quality objectives are:
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1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Reduced Climate Impact
Clean Air
Natural Acidification Only
A Non-Toxic Environment
A Protective Ozone Layer
A Safe Radiation ...
Zero Eutrophication
Flourishing Lakes and ...
Good-Quality Groundwater
A Balanced Marine ...
Thriving Wetlands
Sustainable Forests
A Varied Agricultural ...
A Magnificent Mountain ...
A Good Built Environment
A Rich Diversity

Figure 4.20. Environmental objectives Illustrations:
Tobias Flygar

For each objective an authority is appointed to formulate measurable indicators and regularly
report the progress.
4.10.1.1.1. Responsibilities
(a) Environmental Objectives Council
In January 2002 the Swedish Government established the Environmental Objectives Council to
promote consultation and cooperation in implementing the environmental quality objectives
adopted by Parliament. The Council consists of representatives of central government agencies,
county administrative boards, local authorities, non-governmental organizations and the business sector. The Council is served by a Secretariat based at the Swedish Environmental Protection Agency.
The principal functions of the Council are:
•
•
•
•
•

to monitor and evaluate progress towards the environmental objectives
to report to the Government on how efforts to achieve the objectives are advancing and
what further action is required
to coordinate the information efforts of responsible authorities
to ensure coordination of the regional application of the objectives, and
to allocate funding for monitoring of progress towards the objectives, environmental
monitoring, and reporting at international level.
(b) County administrative boards and municipal authorities

Sweden's 21 county administrative boards have overall responsibility for defining and monitoring regional goals relating to the environmental quality objectives. The county administrative
boards support the municipalities which have overall responsibility for local adaptation of the
national objectives.
4.10.1.1.2. Authorities responsible for the environmental objectives
A number of national authorities have been given overall responsibility for the environmental
quality objectives. This includes proposing and implementing measures as well as monitoring,
evaluating and reporting progress.

149

Integrated Approach towards Sustainable Constructions
______________________________________________________________________________________________________

Table 4.7. Environmental objectives
Authorities
Swedish Environmental Protection Agency

Responsibility
Environmental objectives:
Reduced Climate Impact
Clean Air
Natural Acidification Only
A Protective Ozone Layer
Zero Eutrophication
Flourishing Lakes and Streams
A Balanced Marine Environment, Flourishing Coastal Areas
and Archipelagos
Thriving Wetlands
A Magnificent Mountain Landscape
A Rich Diversity of Plant and Animal Life
Broader issue related to the objectives:
The Natural Environment

Swedish Radiation Protection Authority

Environmental objective:
A Safe Radiation Environment

National Chemicals Inspectorate

Environmental objective:
A Non-Toxic Environment

Geological Survey of Sweden

Environmental objective:
Good-Quality Groundwater

National Board of Forestry

Environmental objective:
Sustainable Forests

Swedish Board of Agriculture

Environmental objective:
A Varied Agricultural Landscape

National Board of Housing, Building and
Environmental objective:
Planning
A Good Built Environment
Broader issue related to the objectives:
Land Use Planning and Wise Management of Land, Water and
Buildings
National Heritage Board

National Board of Health and Welfare

Broader issue related to the objectives:
The Cultural Environment
Broader issue related to the objectives: Human Health

The other authorities responsible for the work in a specific sector also have a responsibility
to work with the environmental issues. Banverket (http://www.banverket.se/) and the Swedish
Road Administration (http://www.vagverket.se/) are two of theses which are involved in the
built environment and urban planning. The Swedish Work Environment Authority
(http://www.arbetsmiljoverket.se/)
and
Swedish
Energy
Agency
(http://www.energimyndigheten.se/) are also involved in the work with a sustainable development in many ways.
4.10.1.1.3. Environmental indicators
The Environmental Objectives Portal currently presents more than 80 national indicators tracking progress towards the environmental quality objectives and interim targets.
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Each agency is responsible for coordinating, developing and assuring the quality and operational reliability of indicators relating to its own particular environmental quality objective(s),
and deciding how these indicators are to be used. Overall coordination is the task of the Environmental Objectives Council. The county administrative boards have worked together to develop joint indicators at the regional level. Much remains to be done to delimit a core set of
carefully selected indicators, which will then guide decisions on what more detailed data
needed to be collected and evaluated.
When choosing indicators, it is essential to coordinate as far as possible the data required for
monitoring of progress towards the objectives with those needed by other users, especially for
purposes of international reporting. This will lay a better foundation for long-term funding. In
the short term, the authorities' efforts to develop indicators have focused on securing the necessary supply of data in the most cost-effective way possible. In the subsequent development of
these indicators, there should be a greater focus on customizing them to different target groups,
so as to facilitate communication of the results of monitoring.
The indicators that are of importance for the building sector are shown in Appendix 1.
4.10.1.2 Regulations
4.10.1.2.1. Responsibility
Based on laws The National Board of Housing Building and Planning
(http://www.boverket.se/templates/Page.aspx?id=1697) is empowered to issue mandatory provisions and general recommendations, such as Building Regulations, BBR and Design Regulations, BKR. The provisions are in the form of functional requirements, referring to standards
when applicable.
Boverket is responsible for the Environmental Quality Objective "A Good Built Environment":
"Cities, towns and other built-up areas must provide a good, healthy living environment and
contribute to a good regional and global environment. Natural and cultural assets must be protected and developed. Buildings and amenities must be located and designed in accordance with
sound environmental principles and in such a way as to promote sustainable management of
land, water and other resources.”
In more detail the objective outlines a long list of qualities to be reached, ranging from architectural qualities and cultural heritage preservation to a sustainable urban structure in terms of
resource conservation, freedom from noise, healthy local climate, good quality public transport,
waste recycling and unspoiled countryside.
(a) Interim targets
Interim targets have also been set by the Swedish Parliament, so that by 2010, inter alia,
• land use and community planning will be based on programs and strategies for a varied
supply of housing, workplaces, services and cultural activities, in order to reduce transport demand; preservation and enhancement of cultural and aesthetic assets, green
spaces and water bodies; promotion of the use of renewable energy resources and development of production plants for district heating, solar energy, biofuels and wind
power.
• The number of people who are exposed to traffic noise will have been reduced by 5%
compared with 1998.
• Extraction of natural gravel in the country will not exceed 12 million tonnes per year.
• The quantity of waste disposed of to landfill, excluding mining waste, will be reduced
by at least 50% by 2005 compared with 1994.
• At least 50% of all household waste will be recycled through materials recovery, including biological treatment.
• The environmental impact of energy use in residential and commercial buildings will
decrease and will be lower than in 1995.
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•
•

Radon levels in all schools and pre-schools are below 200 Bq/m³ air
The new building code was launched in 1st of July 2006 apart from the chapter 9 about
buildings which use electricity for heating. This chapter is still on hearing.

4.10.1.2.2. Energy use regulations
From the 1st July 2006 the demands on maximum energy use in new buildings are:
Residential buildings:
110 kWh/m2,yr for zone south (appr <62oN)
130 kWh/m2,yr for zone north (appr >62oN)
75 kWh/m2,yr for buildings with direct electrical heating - zone south
95 kWh/m2,yr for buildings with direct electrical heating - zone north
In addition the highest U-value for single parts of the building envelop should not exceed 0,5
W/m2,K.
Localities:
100 kWh/m2,yr for zone south (appr <62oN)
120 kWh/m2,yr for zone north (appr >62oN)
In addition the highest U-value for single parts of the building envelop should not exceed 0,7
W/m2,K.
Download
"Legislation The Planning and Building Act. The Act on Technical Requirements for Construction Works, etc. The Environmental Code." Current wording June 1st 2004. It can be
downloaded at http://www.boverket.se/templates/Page.aspx?id=2323 . Observe that the English
version is not the last.
4.10.1.2.3. Subsidies
The building stock is divided in dwellings and localities. The National Board of Housing Building and Planning (http://www.boverket.se/templates/Page.aspx?id=1697) is responsible for subsidies to the building sector.
Dwellings
Support for adaptation to disabled people
Support for building dwellings in areas with shortage or lack of dwellings for students
Klimp grants – support to municipalities for investments for CO2 reductions (see below)
Support for conversion from direct electrical heating to heat pumps or bio fuels in residential buildings
• Support for conversion from fossil fuel heating to heat pumps or bio fuels in single family
buildings
• Support for actions to eliminate high radon levels
• Support for erection of multi-family houses (will be phased out with the new government)
• Support for installation of solar panels in residential buildings
• Support for arranging source separation in multi-family houses
•
•
•
•

Localities

• Support for common meeting rooms i residential buildings
• Support for building cultural localities as theatres and museums that are not owned by the
•
•
•
•

state.
Klimp grants – support to municipalities for investments for CO2 reductions (see below)
Support for installation of solar panels in some localities
Support for installation of solar panels in commercial buildings
Support for investments meant for increased energy efficiency or for conversion to renewable energy in public buildings
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4.10.1.2.4. Energy declaration
Because the directive (2002/91/EG) from the European Parliament Sweden like other EU
countries is forced to introduce Energy Declarations for Buildings. The aim is to support energy
efficiency while considering a healthy indoor environment and cost efficiency.
The energy performance of a building is the metered energy use for areas heated to at least
10oC. In principle should buildings be declared regarding energy performance along with suggestions for improved efficiency. The regulations are not fully implemented in Sweden yet.
4.10.1.3 Chemicals
The Swedish Chemicals Inspectorate (http://www.kemi.se/default550.aspx) is responsible for
the efforts to attain a non-toxic environment in Sweden. The Inspectorate has launched a risk
reduction tool called PRIO. This tool is aimed at all companies with an intent to improve their
environmental work. PRIO consists of a guide and a database containing about 4,000 dangerous
chemical substances. It is a web-based tool intended to be used to preventively reduce risks to
human health and the environment from chemicals. The aim of PRIO is to facilitate in the assessment of health and environmental risks of chemicals so that people who work as environmental managers, purchasers and product developers can identify the need for risk reduction.
To achieve this, PRIO provides a guide for decision-making that can be used in setting risk reduction priorities.
The recommendations on which chemicals are prioritised for risk reduction measures are
based on the environmental quality objective “A non-toxic environment” adopted by the Swedish parliament and the current proposal for the new EU chemical legislation. Although PRIO is
based on Swedish legislation and Swedish considerations, PRIO can be used by companies or
organisations in other countries as a source of knowledge or inspiration. PRIO can provide help
in preparing for the EU’s new chemicals legislation and in the work towards sustainable development.
Substances in PRIO are divided into two levels of prioritisation: phase-out substances and
priority risk-reduction substances. The level a substance belongs to depends on the hazardous
properties of the substance.
Phase-out substances:
• CMR (carcinogenic, mutagenic or toxic to reproduction, categories 1 and 2)
• PBT/vPvB (persistent, bioaccumulating and toxic/very persistent and very bioaccumulating)
• Particularly hazardous metals (mercury, cadmium, lead and their compounds)
• Endocrine disruptive
• Ozone-depleting
Priority risk-reduction substances
• Very high acute toxicity (health)
• Allergenic
• Mutagenic Category 3
• High chronic toxicity (health)
• Environmentally hazardous, long term effects
• Potential PBT/vPvB
The efforts to avoid and reduce toxic substances in the building sector relates to the PRIO
work as far as possible. One example of this is the BASTA project described below under
“Buildingsector initiatives”.
4.10.1.3.1. Chemicals - Databases
The Swedish Chemical inspectorate also administer a number of databases with information,
data and statistics to help the work towards a non-toxic environment.
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Table 4.8. Chemical databases
Databases wholly or partly produced and administered by the Swedish Chemicals Inspectorate
(http://www.kemi.se/templates/Page____2859.aspx , 2006-11-22)
Database

Description

Classification List

The Classification List contains binding health and/or environmental classifications of 3,300 substances, isomers, closely related substances and other groups
of substances, often representing the same "substance". Guide to Swedish search
site.

Company register

The Company Register contains the names of companies having filed a product
report to the Swedish Chemicals Inspectorate. Commercial agents and reported
enterprises appear on separate lists.

Flow analyses

Flow analyses contain facts on substances and group of substances, for example
manufacturing methods, use patterns and physical data. The flow analyses are
part of Sweden's official statistics.

KemI-stat

KemI-stat is a tool for compiling statistical information based on the data in the
Swedish Chemicals Inspectorate´s (KemI) products register and pesticides register.

List of substances

The List of Substances contains over 130,000 chemical substances with CAS
numbers. Approximately 100,000 of these also have an EINECS number. The
register of the list contains 170,000 synonyms.
Guide to Swedish search site.

N-Class

The N-Class Database contains information on the classifications of more than
7,000 substances. The data primarily concern environmental effects constituting
the basis for classifications and classification proposals. Classifications of fire
and health hazards are also included. Read more about N-Class.

Pesticides register

The Pesticides Register contains information on more than 2,000 approved (and
previously approved) pesticide preparations in Sweden. Guide to Swedish search
site.

PRIO

A web-based tool intended to be used to preventively reduce risks to human
health and the environment from chemicals. PRIO replaces the Swedish Chemicals Inspectorate’s Observation (OBS) list.

Restricted Substances
Database

The contains information whether a substance or group of substances is restricted according to provisions laid down in regulations issued by the Swedish
government or the Swedish Chemicals Inspectorate. Guide to Swedish search
site.

Riskline

Riskline contains over 7,000 bibliographical references to peer-reviewed information on 3,000 chemical substances. Search by CAS no. to obtain best results.

The SPIN database

The SPIN database contains information on products on the market reported to
each of the Nordic products registers. SPIN also contains data on amounts of
substances and in what products and sectors the substances are used.

4.10.1.4 Taxes
The following energy taxes are applied in Sweden:
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Table 4.9. Summary of
2006-11-22)
Type of tax
Energy tax and CO2
tax
Sulphur tax

Tax on nuclear electricity production
Electricity consumer
tax
Electricity consumer
tax
Value added tax
Natural Gravel Tax
Waste tax on landfills

Pesticide tax

Property tax
Road user charges
(tolls) for foreign and
national heavy goods
vehicles

current taxes and charges applied on energy in Sweden (www.skatteverket.se ,
Tax level
Differs among the
fossil fuels
SEK 30 /kg S

SEK 10200/(MWh
month)
SEK 0,2010,261/kWh
SEK 0,005/kWh

SEK 13/tonne gravel
SEK 435 /tonne of
waste

SEK 30/kg(active
constituent in the pesticide)
1% of the assessed
value
Differs

Comments
Applied on all fossil fuels.
Applied on heavy fuel oils, coal and peat. If
sulphur is removed from the exhaust gases the
tax could be refunded in accordance with that
Applied on nuclear power
Tax on electric power
Tax on electric power used in manufacturing
industry and agriculture
Applied on all energy consumed
On quarried natural gravel
For waste brought into a landfill or at a facility
where hazardous waste or other waste exceeding 50 tonnes per year, are deposited or stored
for a longer time than three years.
Applied on sale or use of pesticides within the
country. Wood preservatives are exempt from
the tax.
Tax on dwellings and property designated for
dwellings
For trucks heavier with a total weight exceeding 12 ton.

4.10.1.4.1. Green Taxation
The Swedish Environmental protection Agency has been instructed by the Government to analyse various alternative environmental taxes as a basis for Government green taxation proposals
for the period 2005-2010 and submit proposed improvements to the effectiveness of green
taxes.
Developing a Green tax reform has been under in Developing a Green tax reform is another
environmental economic instrument. Taxes on environmentally harmful activities are increased
in exchange for tax reductions on individual earnings.
Shifting the tax burden usually means that higher revenues from environmental taxes are
used to offset a reduction in taxes on labour (or other distorting taxes). The effect of a green tax
reform is not to increase taxes overall, but to redistribute tax revenues within a given framework, and to use taxation more specifically as an instrument of environmental control. The purpose of redistributing money is to promote environmentally sound activities and choices.
Higher environmental taxes will result in a better environment (environmental benefit). In addition, they may benefit society by reducing unemployment (efficiency benefit).
4.10.1.5 Klimp
The Swedish EPA is granting SEK 317 million to 25 local climate investment programmes
(Klimp), and three special projects known as Guldklimpar (“gold nuggets”). The total investment amounts to SEK 1.2 billion. The programmes are taking place throughout Sweden, and are
estimated to cut Swedish greenhouse gas emissions by 203,000 tonnes per year, which corresponds to emissions from about 70,000 cars.
“The local climate investments are an important part of work to limit the greenhouse effect
and to help us achieve the Swedish climate objective”. More than 40 per cent of the approved
funding is earmarked for biogas projects, while about 20 per cent is for investments in district
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heating. The remaining projects include measures to boost energy efficiency in buildings and
industry, improved conditions for cycling and public transport and local information about the
climate issue. The players include municipalities, companies, county councils and regional cooperation bodies.
The approved programmes are estimated to cut Swedish greenhouse gas emissions by
203,000 tonnes per year, of which carbon dioxide makes up about 184,000 tonnes and other
greenhouse gases roughly 19,000 (calculated as carbon dioxide equivalents). Nearly half the reduction in emissions will occur in the transport sector. Total energy consumption will fall by
about 215,000 MWh, of which about 97,000 MWh is electricity.
The climate investment programme, Klimp, is a type of government funding to municipalities and other local players who make long-term investments to reduce the greenhouse effect.
The EPA takes care of the administration of Klimp, while the Council for Investment Support
(RIS), with members appointed by the government, decides on the grants. Besides the Swedish
EPA, the applications have been assessed by the National Board of Housing, Building and
Planning, the Swedish Energy Agency, the National Road Administration and the National Rail
Administration. The climate investment programme was introduced in 2003, and this is the
third round of grants to be awarded. The closing date for applications for the next round is 1
November 2006.
In 2005, 51 applications were submitted for funding amounting to SEK 1.3 billion. 25 programmes, as well as three independent ones called Guldklimpar (gold nuggets), are now being
granted a total of SEK 317 million in funding. The programmes are in: Borås, Gothenburg,
Helsingborg, Hässleholm, Katrineholm, Knivsta, Kristianstad, Landskrona, Leksand, Lidköping, Lilla Edet, Luleå, Malmö, Olofström, Region Skåne, the Regional Council in Kalmar
County, the Östsam Regional Development Council, Stockholm, Svedala, Söderhamn, Tranemo, Trollhättan, Ulricehamn, Varberg and Östersund. The three Guldklimpar are in Svedala,
Söderhamn and Örnsköldsvik.
Read more at: http://www.naturvardsverket.se/klimp
4.10.1.6 Official reports (http://www.sweden.gov.se/sb/d/574)
[1]
[2]
[3]
[4]

http://www.sweden.gov.se/sb/d/574
http://www.utrikes.regeringen.se/sb/d/108/a/48012
http://www.utrikes.regeringen.se/sb/d/108/a/26994
http://www.utrikes.regeringen.se/sb/d/108/a/45734

A number of Governmental reports about the subject have been published. Unfortunately we
couldn’t find them in English.
Energy declarations
Energideklarationer
Metoder,
utformning,
register
och
expertkompetens
(http://www.utrikes.regeringen.se/sb/d/108/a/48012)
Miljö- och samhällsbyggnadsdepartementet, Utredningen om byggnaders energiprestanda N
2003:12, Statens offentliga utredningar (SOU) SOU 2005:67 4 augusti 2005
Building declarations
Byggnadsdeklarationer
Inomhusmiljö
och
energianvändning
(http://www.utrikes.regeringen.se/sb/d/108/a/26994)
Miljö- och samhällsbyggnadsdepartementet, Byggnadsdeklarationsutredningen, Statens offentliga utredningar (SOU) SOU 2004:78 1 juli 2004
Better indoor environment
Bättre inomhusmiljö (http://www.utrikes.regeringen.se/sb/d/108/a/45734)
Miljö- och samhällsbyggnadsdep., Statens offentliga utredningar (SOU) SOU 2005:55 2 juni
2005
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4.10.2 Sector initiatives
4.10.2.1 The Ecocycle Council – A Unique form of Cooperation
The Ecocycle Council is an association of around 30 organizations within the Swedish building
and real estate sector. The aim of the organization is “that the building sector, through voluntary efforts, on market grounds and in close co-operation with authorities and legislation, succeeds in conducting credible, effective, co-ordinated and systematic environmental work that
results in permanent environmental improvements”.
The history goes back to 1994 when the Swedish government through its "Ecocycle Commission" established informal contacts with a number of representatives of the building and
property sector. To facilitate contacts with the Ecocycle Commission the representatives of the
sector took the initiative to set up a network - the Ecocycle Council for the Building Sector.
Now a more formal association just called “The Ecocycle Council”. The idea was to enable the
sector's many different interested parties to get together to discuss and elaborate on this single
issue: How should we formulate producer responsibility in the building and property sector?
Today the aim is broader – that the building sector, through voluntary efforts, should reduce the
environmental impact of the building sector.
The building and real estate sector is of significant importance to society. In Sweden the
building sector occupies around 440 000 people and has a turnaround about 40-50 billion Euros. But the sector also stands for a big part, around 40 %, of the use of energy and materials in
society but also a considerable part of the production of waste. This means that the sector has a
great environmental impact. But the Swedish building and real estate sector has conducted a
unique project – The Environmental program 2003-2010 – trying, on a voluntary basis, to reduce this environmental impact.
The Environmental Program is based on an environmental review, which has identified the
significant environmental aspects of the building sector. From these significant environmental
aspects – the use of energy, the use of materials, the use of hazardous substances and the impact
on indoor air quality in buildings – the Ecocycle Council has formulated a number of environmental objectives and a plan of action.
The Environmental Program 2003-2010 was approved by The Ecocycle Council in October
2003.
The Environmental Review 2000
The building sector has on its own initiative conducted an environmental review to identify the
significant environmental impact of the sector. The study was carried out in accordance with
the environmental management principles of ISO 14000. The idea was that the environmental
review should create a basis for the voluntary undertaking of the sector to ensure “that the
building sector, through voluntary efforts, on market grounds and in close co-operation with
authorities and legislation, succeeds in conducting credible, effective, co-ordinated and systematic environmental work that results in permanent environmental improvements". The environmental review is the first study that in a systematic way, and on the basis of environmental
management principles, compiles a number of reports and studies into one common environmental review for the entire building sector.
Environmental objectives
Energy Conservation
1. Buildings:
• The use of purchased energy per square meter should be reduced by 10% between the
years 2000 and 2010.
• The use of fossil fuels for heating purposes should be reduced by 20% between the
years 2000 and 2010.
2. Civil Engineering Works
• The use of fossil fuels for transports, construction machines and industries within civil
engineering works should be reduced by 10% between the years 2004 and 2010.
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Economizing with building materials
• To halve the volumes of landfill waste from construction works between 2004 and
2010.
Fading out hazardous substances
• The use of hazardous substances within the Building Sector should be reduced to a
minimum by the year 2010.
• Latest by the year 2006 the main part (> 3/4) of the relevant building products on the
Swedish market should have building product declarations.
Secure and sound Indoor Environment
• New buildings should be designed, built and maintained in a way that secures a sound
indoor environment.
• Existing buildings that causes health problems should be identified and remedies
should be carried out latest by 2010.
The Environmental Program 2003-2010 was approved by The Ecocycle Council in October
2003. Now it’s the mission of all the organizations within the Council to inform their members
and help them to implement the goals and actions in their businesses.
Plan of action 2003-2010
The Ecocycle Council has formulated more than 20 different projects to support the implementation of the Environmental program. Most of these activities aim to a self-regulation of the
processes of the building sector.
Building product declarations
The Ecocycle council is also working with the development of building product declarations
and draw up a proposal for common principles about how information about the building products should be organised and presented. Building product declarations are meant to gather information about the products use of materials, energy use and lifecycle.
This work has also continued in the building sector. Principles for building product declarations have been developed by SKASKA Sverige partly with grants from Svenska Byggbranschens Utvecklingsfond (SBUF). They have constructed an open database called “Byggarnas
BVD-plats” (http://www.byggarnas-bvdplats.com) with building product declarations. It is voluntary for companies to make declarations. Today there are 1500 registered building product
declarations in the system.
For chemical products there is also a database for the compulsory declarations with safetydata-instructions (säkerhetsdatablad), “Byggarnas VIB-plats”. Today there are approximately
7000 registered declarations.
4.10.2.2 Building,
Living
and
Property
–
a
(http://www.byggabodialogen.se/EPIServer/templates/Page.aspx?id=123)

dialogue

project

The dialogue project Building, Living and Property Management for the Future is a unique cooperation between companies, municipalities and the Government with the purpose to achieve a
development of a sustainable building and property sector in Sweden. By the means of this dialogue, the parties have reached a voluntary agreement to take concrete measures for a sustainable development.
The dialogue project Building/Living has three prioritised areas:
• Healthy indoor environment
• Efficient use of energy
• Efficient resource management
We would like our website visitors to understand what the dialogue project Building/Living
implies in order for us to achieve a sustainable building and property sector, with an emphasis
on the three prioritised areas. The website will also provide the visitor with news on how the
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sector deals with management issues and the sustainable development of the building and property sector.
4.10.2.2.1. What is to be done?
In the “Building/Living Project”, the Government, together with companies and municipalities,
have expressed a number of aims that they wish to achieve. The actors have signed an agreement on concrete efforts that are now being implemented
4.10.2.2.2. The commitments
Concrete efforts – the 7 areas The commitments that the actors sign are divided into seven areas
that are concluded in the following recommendations:
• Plan for sustainable community planning!
• Adopt a holistic view for the entire life-cycle of the building structure!
• Establish quality and efficiency in the construction and property management processes
and furnish new warranties for sustainable development!
• Property management with consideration to energy and environment!
• Classify buildings!
• Invest in research, development and training for sustainable building and property sector!
• Do follow-up and evaluation work!
4.10.2.2.3. Aims for the Building/Living project
The aims encompass anything from the amount of disposed waste, tapped pit run, substances
dangerous to the environment, health issues related to buildings, the use of chemicals - to the
strain on the environment from energy application. Therefore, there are obvious connections to
the national environmental quality aims that the Swedish Parliament and Government have developed.
The “Building/Living” goals – goals that have been formulated within “the Project for
Building, Living for a Sustainable Building and Property Sector in Trust for the Future”.
1. The environmental stress from the energy application in homes and premises is decreasing
and no later than 2025, heating and water heating will be made using only limited elements of
fossil fuels. No later than 2015 more than half of the annual energy need will come from renewable energy sources.
2. The use of purchased energy in the sector will decrease with at least 30 % until the year of
2025 compared to 2000. The energy application is lower in 2010 than it was in 1995.
3. No later than 2005 there will be information adapted for the sector that will make it feasible
not to choose construction material/constructional design which contain or are the cause of
known substances which are health-impairing or dangerous to the environment.
4. No later than 2009, all newly built houses and 30% of the existing ones will be declared and
classified as to the effect on health and environmental issues related to buildings.
5. The building and property sector is phasing out the use of substances and metals that are included in the Government’s guidelines for chemical application at least at the rate as is stated in
the Government proposal 2000/01:65 Chemical strategy for a non-poisonous environment.
6. The quantity of disposed waste2, mine waste not included, will decrease with at least 50% to
2005 counting from the levels of 1994, while the total quantity of generated waste will not increase. No later than the year of 2010, disposed waste from new constructions and reconstructions, property maintenance and demolished houses will amount to no more than 25% measured
in tons from the levels of 1994. In 2025 no more than 10% will be disposed.
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7. In 2010 the tapped pit run in the country will not be more than 12 million tons per year and
the share of recycled materials will amount to at least 15% of the ballast application.
4.10.2.3 Basta (http://www.bastaonline.se/2.4788e15710c6d12e91380002305.html)
There is a great need to reduce the use of hazardous substances in construction products and
chemical products. In the BASTA system, the Swedish construction sector has agreed on a
common definition of the substance properties for the decision as to whether a product is to be
accepted or not. These substance properties are based on the plans in the forthcoming REACH
regulation. The burden of proof in the BASTA system is put on the supplier, who has to confirm whether the product meets the criteria or not. A system of self-declaration of this kind
needs to be supplemented by a quality assuring auditing, and the BASTA project has drawn up
the procedures to ensure that such validation can be carried out in a credible and cost-effective
way.
For the dissemination of the suppliers' assessed products the BASTA project has developed a
web-based database.
The industry standard for properties criteria has been developed with broad endorsement by
large parts of the Swedish construction sector, which is crucial to the future success of the system. It has been possible for this to be done through great openness in the drafting of these criteria.
The validation method that is to assure the system of credibility consists principally of two
parts: firstly requirements relating to the supplier´s expertise, documentation and organisation,
which are collated in a contractual document which each participating supplier signs, and secondly random-sample audits of the suppliers´ data.
4.10.3 Other Non-Governmental initiatives
4.10.3.1 The Swedish Environmental Management Council (http://www.miljostyrning.se/eng/)
The Swedish Environmental Management Council (SEMC) is a company owned jointly by the
Swedish Government, the Confederation of Swedish Enterprises and the Swedish Association
of Local Authorities and Regions. The overall aim of the activities of the Council is to help and
support private and public organisations to implement and carry out a systematic and progressive environmental work towards a sustainable development.
The Swedish Environmental Management Council administrates three tools – EMAS and
EPD for improving and communication about the environmental performance of organisations
and products/services and EKU for product-related guidance about ecologically conscious procurement.
The rationale of the Swedish Environmental Management Council is to provide a neutral
platform stimulating a dialogue between all actors in society – from authorities, the business
sector, non-governmental organisations as well as environmental organisations. The activities
of the Council are carried out based on a broad consensus among different stakeholders in the
field of environmental management both nationally and internationally.
4.10.3.2 Environmental assessment methods for buildings
A number of methods for environmental assessment of buildings and/or building materials have
been developed mostly by different companies active in the sector. They vary from simple
checklists to sophisticated LCA tools and cover things like investigation of existing buildings.
Year 2005 35 such Swedish methods were identified of which 27 were more actively used
(Sundkvist et al., 2005) mainly by different enterprises. The only one with a more holistic and
scientific approach is the EcoEffect method developed by KTH and the University of Gävle
(http://www.ecoeffect.org).
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This area is still under development and very slowly penetrating the market. The more sophisticated tools can more be looked upon as learning instruments about the relation between
buildings and environmental impacts while the simpler are practicable but often trustworthy.
A broad new cooperation between the building sector and the academic world started a year
ago aiming at developing a compromise between sophistication and simplicity regarding environmental assessment of buildings. This new method, “Environmental classification of buildings” is planned to be launched in the end of 2007. Since many representatives from the sector
are involved in the development work it is expected to that this method, which is linked to the
“Building, Living, Property” project mentioned above, will be widely used in the future.
4.10.3.3 ISO 14000 (http://www.sis.se/DesktopDefault.aspx?tabname=%40iso14000) and EMAS
(http://www.emas.s/e)
There are environmental management systems which are used in the building sector and by
other companies. The most common are ISO 140001 and EMAS. Many companies that are not
certified have their own system built on the same principles. A lot of companies in Sweden are
ISO 14001 certified. Sweden has the highest amount of certified companies in relation to the
number of inhabitants. It’s more common with ISO 14001 certification than EMAScertification.
4.10.3.4 Environmental labelling of building products
There are three environmental labels available in Sweden. “Good Environmental Choice” is
launched by the Swedish Society for Nature Conservation (http://www.snf.se/english.cfm).
They have almost no labels for building products apart from electricity and an impregnation for
concrete. The Swan is a Nordic Ecolabel (http://www.svanen.nu/Eng/default.asp). They have
labels for a few building products as fibre board, gypsum board, chipboard, biofuel, boilers,
fireplaces, white wares, impregnated wood, kitchen appliances and windows. The Flower is the
European Ecolabel (http://www.eco-label.com/default.htm). They have labels for household
appliances like dishwashers, refrigerators, vacuum cleaners and washing machines. They also
have labels for indoor paints and varnishes.
Environmental Product Declarations (EPD) (http://www.environdec.com/page.asp?id=105&
menu=3,9,0) administered by the The Swedish Environmental Management Council mentioned
above are not environmental labels but can serve a similar purpose s ince all emissions and
use of energy and materials should be declared. EPDs exist for particle boards, cement, concrete, glass, clay bricks, pellets, washing machines, fridge/freezers, district heat, electricity and
solid waste treatment.
For wood products the labelling The Forest Stewardship Council (http://www.fscsweden.org/) (FSC) is used. The Forest Stewardship Council (FSC) promote environmentally
appropriate, socially beneficial, and economically viable management of the world's forests.
FSC in Sweden, called Svenska FSC, is a national based, not for profit organization and one of
FSCs national initiatives, often referred to as NIs.
4.10.4 Swedish Society for Nature Conservation
Today the Swedish Society for Nature Conservation (SSNC) is the biggest nature conservation
and environmental organisation in Sweden with 170 000 members and 274 local branches
across the whole country.
The SSNC was established in 1909. At that time an elite group was concerned about the increasing degradation of Sweden's nature and wildlife due to rapid industrialisation. Until a few
decades ago, the activities of the SSNC were primarily focused on national, i e Swedish, environmental issues and traditional conservationist concerns. In 1990 funds from the Swedish International Development Co-operation Agency (Sida) made it possible for the SSNC to cross
borders and begin collaboration with environmental organisations in Europe and in the South.
The organisation works with building related issues when they interfere with environmental
conservationist concerns. For example are they involved in promoting Forest certification ac-
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cording to FSC, Forest Stewardship Council. Sweden has by now the world's largest area of
FSC-certified forest.
4.10.4.1 O2 Nordic (www.o2nordic.org)
O2 Nordic is a network of people working active with design for a sustainable development.
The network is organised as an economic organisation/förening with the headquarter in Gothenburg. O2 Nordic is part of the international O2 network. (www.o2.org)
O2 Nordic Mission Statement:
We believe that the development of a sustainable future is the greatest and most inspiring design challenge of our time.
O2 Nordic aims to influence and inspire industry to look at sustainability as a business opportunity, and authorities to formulate a clear and attractive sustainability vision.
O2 Nordic connects people in Sweden as well as between the Nordic countries as a permanent meeting place and a place for action.
4.10.5 Swedish Association of Architects Environmental group (http://www.arkitekt.se/miljo)
The Environmental group in the Swedish Association of Architects are working with ecological, environmental and sustainable issues in the building and planning processes.
4.10.6 Research
There is a lot of research being done in the field of sustainable building and planning in Sweden. The main research founds supporting and giving grants to research projects in the field of
sustainable building and planning are FORMAS (http://www.formas.se/), VINNOVA
(http://www.vinnova.se/),
NUTEK
(http://www.nutek.se/),
Energimyndigheten
(http://www.energimyndigheten.se/),
Mistra
(http://www.mistra.org/),
ARKUS
(http://www.arkus.se/).
4.10.7 Sustainable building projects
Designing houses and planning to build a more sustainable society have been on the agenda in
many projects in Sweden the last 30 years, but still there is more to be done. In the book
“SAR:s Ekoguide” (1996) you can read about 150 of these projects. Larger developments with
sustainable
ideas
that
have
been
most
recognised
are
Bo
01
(http://www.malmo.se/miljohalsa/projektnatverk/projekt/vastrahamnenbo01/faktabladbo01.4.3
14d1c9210a454075d480001445.html, 2006.11.22), Lindås (http://www.miljoportalen.se/boleva/boende/varma-hus-utan-uppvaermning,
2006.11.22),
Hammarby
Sjöstad
(http://www.stockholm.se/Extern/Templates/Page.aspx?id=45463, 2006.11.22).
4.11 SUSTAINABLE POLICIES AND APPROACHES: THE TURKISH CASE
4.11.1 Introduction
As being a developing country Turkey did not finish the period of its industrial development.
To reduce the impacts of climate change Turkey has developed the “National Climate Change
Strategy” by taking into account Turkey’s circumstances and capacity. This strategy has three
terms: (i) Short term (within one year), (ii) Midterm (undertaken or completed within 1 to 3
years) and (iii) long term (undertaken over a 10 year period)
The strategy will lead the actions during 2010 - 2020 and will be updated if necessary. With
Decision 26 /cp7 of the Seventh Conference of Parties (COP) in Marrakesh in 2001, Turkey
was deleted from the list of Annex – II countries, under the United Nations Framework Convention on Climate Change (National climate change document (2010-2020)).
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Turkey recognised with its special circumstances relative to other Annex-I countries, and
placed in a different situation. Afterwards Turkey became a party to the United Nations
Framework Convention on Climate Change on May 24, 2004.
Law no 5836 on the Endorsement of Turkey’s Ratification of Kyoto Protocol to the United
Nations Framework Convention on Climate Change was published in the official Gazette numbered 27144 and dated February 17, 2009 and Turkey officially became a party to the Protocol
on August 26, 2009.
Turkey has the lowest values per capita of greenhouse gas emission, primary energy consumption per capita and historical responsibility among all OECD countries and the countries
included in Annex -1 to the United Nations Framework Convention on Climate Change. Based
on 2007 data, while Turkey’s greenhouse gas emissions per capita was 5.3 tons of CO2 equivalent, the average value of the 27 member states of the European Union was 10.2 tons of CO2
equivalent and the average value of OECD countries was 15.0 tons of CO2 equivalent (National
climate change document (2010-2020)).
Considering its socio-economic indicators, greenhouse gas emissions profile, historical responsibility, emissions levels per capita, GDP per capita and energy consumption per capita indicators as well as its ranking in Human Development Index, Turkey is in the category of “middle income developing countries”.
Turkey cannot make a greenhouse gas emission reduction commitment by taking a specific
baseline year because of economic development status. Turkey plans to limit its greenhouse
gas emissions in a way that it will not compromise sustainable development and poverty reduction priorities.
Within the scope of the conducted and planned studies, the primary energy density is planned
to be reduced by 2023 at a rate of 20 percent compared to the amount in 2008 by Turkish authorities.
The development in the primary energy density throughout the period from 2000 to 2008 is
provided in the graphic below.

Figure 4.21. Primary Energy Density (2000-2008) (kg equivalent oil/1,000 dollars) (Energy efficiency
strategy for Turkey) (*with the dollar price in 2000, according to the GDP in 1998)

In the year 2008, the total primary energy consumption of Turkey has been 108 million Ton
Equivalent Petroleum (TEP), and its production has been 29 million TEP. The graphic representing the primary energy resources production and the covering of the primary energy demand with importation in the period from 2000 to 2008 is provided below.
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Figure 4.22. Primary Energy Resources Production (2000-2008) (million TEP) (Energy efficiency strategy for Turkey)

4.11.2 Methodologies and tools
LCA (Life Cycle Analysis) is not a common tool for construction sector. Construction sector
has started to use LEED and BREEAM methodologies.
In addition, there is no common methodology for LCC. Because of being a comparison if
anyone take the same inputs, takes some results to compare. In Turkey, you have to consider the
inflation rate per year. When comparing energy inflation rate takes a great importance. The inflation rate of natural gas at a average rate of nearly 13% over the past 5 years, and this is just
the start. The rate increases of the last couple of years have been over 25%.
4.11.3 National codes and legislation- Eco-labels and EPDs
A national code for sustainable construction has not produced yet. However, there are some national codes for solar energy usage but not for sustainable construction.
• TSE (Institute of Turkish Standards) Standards for solar energy usage;
• TS 3680 – Solar Energy Collectors;
• TS 3817 –Solar energy, water heating systems establishing, operating manual.
In addition, eco labels and EPDs are not common for construction materials.
There are not any LCC regulations that a construction owner has to obey. There are no investigations on new buildings to understand whether it is environmental friendly or not. LCC is being used by the owners of construction without any obligation.
4.11.4 Case studies
4.11.4.1 Solar energy
As a part of sustainable construction, there is a huge usage of solar power in Turkey. Solar
power is mostly used for heating energy of water. The solar collectors in Turkey are 12 million
m² and produce capacity per year is 750 000 m². The total heat energy produced by solar energy
420 000 TEP (weight equivalence of petroleum as ton) per year (Güneş Pillerinin Dünü Bugünü
ve Geleceğe Bakış Makalesi Ibrahim ÜÇGÜL).
As a beginning to the solar energy potential determination, EIE (general directorate of electrical power resources surveying administration) had evaluated the historical solar energy data
measured by the State Meteorological Organization between the years of 1968-1982.The results
were published in two reports in 1983. On the basis of these evaluations, it is concluded that the
average annual value of sunshine hours is 2640 and annual average solar intensity is 3.6 kWh
/m²-day, while maximum annual sunshine hours is 3016 hours and maximum solar intensity is
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5,8 kWh/m2 –day [4]. Solar data acquisition systems have been installed in total 8 locations:
Antalya, İzmir, Ankara, Aydın, Adana, Isparta, Kayseri and Balıkesir. The measurements in
Antalya,
İzmir
and
Aydın
were
completed
(http://www.eie.gov.tr/english/solar/solarEIE_e.html).
Table 4.10. Monthly Average Solar Potential of Turkey (Source: General Directorate of EIE)
MONTHS
MONTHLY TOTAL SOLAR
SUNSHINE
ENERGY
DURATION
(Kcal/cm2-month)
(hours /month)
(kWh/m2-month)
January
February
March
April
May
June
July
August
September
October
November
December
TOTAL
AVERAGE

4,45
5,44
8,31
10,51
13,23
14,51
15,08
13,62
10,60
7,73
5,23
4,03
112,74
308,0 cal/cm2-day

51,75
63,27
96,65
122,23
153,86
168,75
175,38
158,40
123,28
89,90
60,82
46,87
1311
3,6 kWh/m2-day

103,0
115,0
165,0
197,0
273,0
325,0
365,0
343,0
280,0
214,0
157,0
103,0
2640
7,2 hours/day

Table 4.11. Regional Distribution of Solar Energy Potential of Turkey (Source: General Directorate of
EIE)
REGION
TOTAL SOLAR
SUNSHINE
RADIATION
DURATION
(kWh/m2-year)
(hours/year)
Southeastern Anatolia
1460
2993
Mediterranean
1390
2956
East Anatolia
1365
2664
Central Anatolia
1314
2628
Aegean
1304
2738
Marmara
1168
2409
Black Sea
1120
1971

4.11.4.2 Photovoltaic Lighting Units
Battery of the system is charged by the electricity generated by photovoltaic modules during
the day. Currently 5 units are installed, 2 in Ankara AOÇ, 2 in Didim Research and Training
Center of EIE, and 1 in the EIE building, in Ankara. There is also a 160 Wp lighting system in
Didim (http://www.eie.gov.tr/english/solar/solarEIE_e.html).
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Figure 4.23. Photovoltaic Lighting Units in Ankara and Didim

Another project was developed by Vailant team in order to prove the usage of solar energy as
a power for electricity. These panels produce electricity from solar energy. There are 4 panels
at the south facade. With these 120 cm x 320 cm panels, they can produce electricity for the
showroom. The company is also the producer of these panels.

Figure 4.24. Vaillant Izmir headquarter building

4.11.4.3 Photovoltaic Water Pumping Systems
Of the systems that can be used in small-scale agricultural irrigation, the first consists of 616
Wp PV modules, an inverter and a submersible pump. The economical calculations indicated
that the system is economically competitive with diesel engines, in sites without grid
(http://www.eie.gov.tr/english/solar/solarEIE_e.html).

Figure 4.25. Photovoltaic Water Pumping Systems (http://www.eie.gov.tr/english/solar/solarEIE_e.html)
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4.11.4.4 Photovoltaic Traffic Warning System
The system consists of a 50 Wp pv module and 70 Ah battery, as well as a flashing lamp
(http://www.eie.gov.tr/english/solar/solarEIE_e.html).

Figure 4.26. Photovoltaic Traffic Warning System (http://www.eie.gov.tr/english/solar/solarEIE_e.html)

4.11.5 Wind energy
In the years 1960-1961, a survey recorded 749 wind mills of which 718 were used for water
pumping and 41 for electricity production. A 1978-1979 survey revealed 871 water pumping
and 23 electricity producing windmills. It is understandable that the use of wind energy in Turkey declined until the 1980’s as elsewhere. The original idea was to build wind power plant in
Bozcaada on the westcoast of Turkey (Hepbasli and Ozgener, 2004a).
On April 3rd 1998, Interwind initiated the first wind energy for a 7.2 MW project. Now, Turkey’s wind power stations are totally 20.1 MW (Hepbasli and Ozgener, 2004a). The number of
stations in 01.06.2008 was 13 and total power as 249.15 MW (see details in the following table).
Table 4.12. Turkey’s wind power
PLACE
İzmir –Çeşme
İzmir –Çeşme
Çanakkale - Bozcaada
İstanbul -Hadımköy
Balikesir - Bandırma
Istanbul - Silivri
İzmir –Çeşme
Manisa- Akhisar
Çanakkaler- İntepe
Çanakkale – Gelibolu
Hatay - Samandağ
Manisa- Sayalar
İzmir Aliağa

FIRM
Alize A.Ş.
Güçbirliği A.Ş
Bores A.Ş
Sunjüt A.Ş
Bores A.Ş
Ertürk A.Ş
Mare A.Ş
Deniz A.Ş
Anemon A.Ş
Doğal A.Ş
Deniz A.Ş
Doğal A.Ş
Innores A.Ş

START
DATE
1998
1998
2000
2003
2006
2006
2007
2007
2007
2007
2008
2008
2008
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POWER
(MW)
1.5
7.2
10.2
1.2
30
0.85
39.2
10.8
30.4
14.9
30
30.6
42.5

PRODUCER

NUMBER OF
TURBINE

Enercon
Vestas
Enercon
Enercon
GE
Vestas
Enercon
Vestas
Enercon
Enercon
Vestas
Enercon
Nordex

3
12
17
2
20
1
49
6
38
18
15
38
17
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In February 2001, Turkey passed the long-anticipated Electricity Market Law, which paves
the way for a free market in power generation and distribution in the country. In the framework
of restructuring the Turkish electricity sector, comprehensive and detailed studies to determine
the basic parameters of the sector have been implemented by the consultants. The main goal of
these studies is to establish an institutional structure and the corresponding regulatory framework for the sector (Hepbasli and Ozgener, 2004b).
At present, not only the electricity sector, the whole energy sector in Turkey is in a dynamic
change.
Today there is a serious intention on the part of Turkish authorities to promote wind energy.
The authorities are begining to understand the potential of wind energy, the state of its technology and its possible contributions to the national economy.

Figure 4.27. Turkey’s wind potential (Hepbasli and Ozgener, 2004b).

Figure 4.28. Wind speed distribution in Turkey (10 m height) (Solar and wind energy, 2002)
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The annual average wind speeds range from a low of 2.1 m/s in the East Anatolia region to a
high of 3.3 m/s in the Marmara region. The most attractive regions for wind energy applications
are the Marmara, the southeast Anatolian and the Aegean regions. These regions are highly
suitable for wind power generation, since the wind speed exceeds 3 m/s in most of these areas
(Ediger and Kentel, 1999)

Figure 4.29. Development of Wind Energy Installed Capacity (2000-2009) (MW)

4.11.6 Geothermal
Nearly 274 geothermal occurrences and fields are known to exist in Turkey according to MTA
(the state owned directorate) records. About 25 of them are already being exploited at large
scale for direct and indirect geothermal energy use, many fields are mainly used for balneological purposes by local public, and while others are still to be developed (Satman et al., 2007).
The present (2010) installed geothermal power generation capacity in Turkey is about 100
MWe, while that of direct use installations is around 795 MWt. Direct use of geothermal energy in Turkey has focused mainly on district heating. The first of these systems came on line at
the low-temperature Gönen field in 1987. During 1991-2006 period other 19 district heating
systems were installed (Satman et al., 2007).
Geothermal exploration in Turkey started in the early 1960s. At first, the work was focused
on highenthalpy fields for potential power production; Kızıldere was discovered in 1968. The
Balçova and Seferihisar, two medium-temperature geothermal fields, were found and studied in
the 1960s and 1970s, respectively. A second high-enthalpy system, Germencik, and various
other medium-enthalpy fields, such as Salavatli-Sultanhisar and Simav, were discovered in the
1980s. Turkey’s low- and medium temperature resources have yet to be thoroughly explored
and evaluated. With proper exploration methods and investments, some might be shown to contain higher-enthalpy fluids; geochemical data seem to support such a hypothesis (Satman et al.,
2007).

Figure 4.30. Locations of major geothermal fields, district heating and greenhouse installations and young
volcanoes (Satman et al., 2007)
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Figure 4.31. Development of Geothermal Energy Installed Capacity (2000-2009) (MW) (Satman et al.,
2007)

4.11.7 Biomass
Various agricultural residues such as grain dust, crop residues and fruit tree residues are available in Turkey as the sources of biomass energy.
Turkey relies on biomass to provide much of its energy requirement like many developing
countries, The available biomass amount in Turkey is around 117 million tons. In case of its
assessment it will be met approximately annual 32 Mtoep (Demirbas, 2008).
Among the different forms of renewable energy, biomass energy is one of the major resources in Turkey
Turkey’s domestic energy consumption accounts for about 37% of total energy consumption.
Of this, about 52% is from biomass-based fuels (Demirbas, 2001).
Direct burning in Turkey for many years has used fuelwood, animal wastes, agricultural crop
residues and logging wastes. These sources are often called noncommercial energy sources, but
in Turkey, fuelwood is a tradable community, since it the primary fuel for rural and urban poor
districts (Tasdemiroglu, 1986).

Figure 4.32. Biomass derived from tree roots and tree branches and its granulated state (Tasdemiroglu,
1986)

Stone Pinea covers the most part of the area in Kozak Forest Sub-District. The most important source of income for the villagers is obtained from Stone Pinea cones production. The subdistrict building is heated with the materials, which are the waste of the cones remains after
production.
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Figure 4.33. Stone Pinea Collection (Tasdemiroglu, 1986)

Heating energy need of Aydınpınar Forest Sub-district administration building and 4 public
housing will be provided with unused residues emerged after harvesting. It is estimated that usage of 250 kg biomass per day will be enough to heat both the administration building and the
public housings.
4.12 CONCLUDING REMARKS
The purpose of this chapter was to provide an overview of the ways that different European
countries face the problem of sustainability.
Clearly, the efforts undertaken by the European Commission over the last years in the promotion and implementation of actions in relation to the sustainability of the construction sector
have been very successful. Thanks to these efforts, most European countries are now forced to
implement concrete actions in relation to the sustainability of the construction sector and related products.
Naturally, it is also expectable that upcoming standards will have also a major impact and will
force countries to implement further concrete measures in the short term.
Nevertheless, from the overviews provided in this chapter, a distinction in the way different
countries are dealing with various aspects of sustainable construction is perceptible, and the
asymmetry between Northern and Southern countries is still very considerable. While Southern
countries are mainly implementing actions due to commitments with the European Commission, Northern countries show a lot more initiative in the development of additional measures
and actions towards the goals of Sustainable Development.
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5.1.1

INTRODUCTION

The physical existence and mainstream technologies of the built environment rely on large
consumption of nature’s resources. Building and construction activities including manufacture
of construction materials and products are material and energy intensive as such, and in
addition, the use and operation of the built environment cause even more environmental risks.
Due to growths in world population, world economy and middle-class, as well as urbanization
and urban sprawl, trends indicate a constantly increasing consumption. The share of
construction of overall resource extraction, tends to increase from its current 40-50% of about
60 billion tonnes (EU 2009, UNEP 2007). The amount of mineral resources used for
construction tends to increase from its current one third of all resource use (OECD 2008). The
global development of resource consumption is presented in Fig. 5.1.1.

Figure 5.1.1. Total material use in 2005 (Krausman et al. 2009).
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The demands for metals are increasing as a consequence of the growing construction market
even though commercially and technically sensible sources of some important minerals will be
depleting in the near future. For example 40% of steel and 35% of copper are used in
construction. Estimates of known deposits of some ores, which are essential for production of
metals, account for life expectancy for tens of years: copper, end 2028 – 2100; nickel, end 2032
– 2060; according to (OECD 2008, USGS 2010). The large scattering depends on the estimate
of rate of extraction and, in a way takes into account undiscovered reserves of ores. Building
and construction activities consume currently about 12-16% of fresh water globally.
The amount of the construction and demolition waste is about 30-50% of more than two
billion tons of waste generated throughout the world annually (UNEP 2009).
It is necessary to change the material and energy basis of the built environment. The pathway
to sustainable development requires an eco-efficiency step. This step of reducing impacts and
costs during the entire life-cycle of the built assets was recognized rather early by the Agenda21
on Sustainable Construction (CIB 1999) as a parallel change option to totally new approaches as
shown in Figure 5.1.2.

Figure 5.1.2. Concept of sustainable construction by CIB (1999).

The concept of eco-efficiency was introduced by the Business Council for Sustainable
Development BCSD (nowadays WBCSD, where W means world) in 1992, and further defined
as being “reached by the delivery of competitively priced goods and services that satisfy human
needs and bring quality of life while progressively reducing ecological impacts and resource
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intensity throughout the life cycle to a level at least in line with the earth's estimated carrying
capacity” or “the efficiency with which ecological resources are used to meet human needs”.
In the COST Action C25, the concept of eco-efficient construction has been studied from
several points of view and at several levels. Recycling and reuse of materials and products are
means to reduce extraction of raw materials but also open possibilities to save energy in
manufacture and supply chains. A topical issue of energy saving in buildings and the entire
building stock is dealt with in research that covers advanced materials and technologies.
Research methods have been used including up-to-date sophisticated modelling and simulation
tools, shown in Ch. 5 and Ch. 6. Changes in processes and products in the construction sector
(including product manufacturing) and changes in operation and use of completed buildings and
structures need more focus on innovation processes.
5.1.2

ECO-EFFICIENCY IN CONSTRUCTION

5.1.2.1 Concept and context
The concept, based on definition above, is often expressed by a rather simple formula:

Eco  efficiency   

Economic _ value
where,
Environmental _ impact

Economic value concerns products or services, and
Environmental impacts may take into account all relevant influences.
The formula is easy, to understand, but its input values are still subject of research. There are
various recommendations for the exact meaning of these indicators and how they should be
quantified. In general, eco-efficiency means “producing more with less”, or “more value with
less impact”. This principle has been expressed as a ratio (Verfaillie & Bidwell, 2000).
Net external sales per
- energy consumption
- material consumption
- water consumption
- GHG emissions
- ozone depleting emissions
The WBCSD has identified seven success factors for eco-efficiency (WBCSD 2009):
- reduce the material intensity of goods and services
- reduce the energy intensity of goods and services
- reduce toxic dispersion
- enhance material recyclability
- maximize sustainable use of renewable resources
- extend material durability (and product service-life)
- increase the service intensity of goods and services.
The eco-efficiency concept is regarded as a management approach promoting
environmentally sound or clean technologies – mainly used at the enterprise level. Cleaner
Production is an operational strategy that reduces impacts, costs, risks and liabilities by avoiding
the generation of waste and emissions. Eco-efficient innovation is described by R. van Berkel
(2008) as delivery of “products and processes that meet tomorrow’s rather than yesterday’s
environmental expectations”. He has positioned eco-efficiency as a decisive step toward
sustainable development as presented in Figure 5.1.3.
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Figure 5.1.3. Eco-efficiency and cleaner production as steps towards sustainability (van Berkel 2008).

Eco-efficiency analyses deals with similar concepts as the Life Cycle Assessment (LCA)
standards developed by the International Organization for Standardization ISO (ISO 14040
through 14043). Principles, methods, tools and usability of environmental LCA are presented in
detail in Chapters 2 and 3. Both approaches analyze environmental burdens but furthermore,
eco-efficiency takes cost-efficiency into account. However, the basic definition of ecoefficiency considers all dimensions (ecological, economic, social and cultural) of sustainable
development, and it can therefore be viewed from many angles. This is often overlooked.
According to the Lead Market Initiative for Sustainable Construction of the EU (2007a,
2007b), in the real estate and construction sector eco-efficient innovation “manifests itself in
many forms, either at the product level, or at the level of performance of the building or of the
services provided by the supply chain to the customer/occupants. Environmental aspects
possibly addressed by innovation include sustainability of materials, in-door air quality, water
and energy efficiency, or adaptation to climate change.” This kind of broader approach to ecoefficiency has been introduced in Finland:

Eco  efficiency 

Conformity  Performance
, where,
Environmental _ pressure

Conformity means suitability to owner’s/ developer’s objectives (including economic thrives)
Performance means suitability to user’s and occupant’s aspirations and technical fitness.
Here, cost-efficiency is considered simultaneously but separately.
Eco-efficiency is related to the sustainable development, especially to the environmental and
economic topics. In public discussion, challenges of Factor 10 or Factor 4 are often mentioned
intended to signify the goal to increase the eco-efficiency. Factor 4 originally meant: to double
the living standards while halving resource consumption. 2 * 2 = 4. Factor ten meant doubling
living standards while cutting resource use by 80 %, which means 2 * 5 = 10.
More often, the difference between eco-efficiency and sustainability is mentioned. The strong
argument for sustainability emphasizes the scarcity of resources which would require more
radical changes of material and energy flows than improvement of efficiency. The “rebound
effect” is explained as follows by Hinterberger et al (2004): “By examining trends of decoupling
of economic growth and material use, it is important to consider that decoupling itself does not
automatically lead to decreasing environmental pressures. Decoupling can take place in parallel
with an absolute growth in material consumption, and thus further increase environmental
pressure”.
5.1.2.2 Drivers of eco-efficiency in construction
Reduction of the environmental pressure is regarded as one of the main innovation drivers in the
construction sector (Bossink 2004). In the European Union, eco-innovation is considered to
support the wider objectives of its Lisbon Strategy for competitiveness and economic growth.
The concept is promoted primarily through the Environmental Technology Action Plan (EU
2004) that defines eco-innovation as “the production, assimilation or exploitation of a novelty in
products, production processes, services or in management and business methods, which aims,
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throughout its life-cycle, to prevent or substantially reduce environmental risk, pollution and
other negative impacts of resource use (including energy)”.
The twin-challenge of energy policy in Europe has led to new legislation and action plans. In
the 6th Framework Programme, a concept of Eco-building was used as “the meeting point of
short-term development and demonstration in order to support legislative and regulatory
measures for energy efficiency and enhanced use of renewable energy solutions within the
building sector, which goes beyond the Directive on the Energy Performance of Buildings.”
Green Public Procurement is becoming a more important mechanism in the promotion of
eco-efficient and sustainable development in Europe and internationally (ISPRA 2008). The
Commission presented a Communication in July 2008 as a part of the Action Plan on
Sustainable Consumption and Production and Sustainable Industrial Policy (SCP/SIP), which
establishes a framework for the integrated implementation of a mix of instruments aimed at
improving the energy and environmental performances of products. The European Eco-labelling
is under development to support the Green Procurement Procedures. Both the overall
performance of buildings and the environmental profile of the materials and products are to be
considered. The European framework for promotion of eco-efficient and sustainable
construction is introduced in Chapter 4.
In several studies, the role of regulation in innovation processes of the real estate and
construction sector has been recognised, Figure 5.1.4.
Material efficiency
Product
palette

Product quality

Existing environmental law

Regulatory Push

Technology Push

Energy
Efficiency

Occupational Health
Expected Regulation

Eco-Innovation

Customer Demand

Market share
Competition

Market Pull

Image
Labour Costs

New Markets

Figure 5.1.4. Drivers of eco-innovations (Bossink 2004).

For eco-innovations, the role of regulations might become even more important as tightening
existing rules or implementing new rules have a large impact on the construction sector.
However any changes take rather long time for implementation primarily because of the sector’s
large scale and importance for the community. In EU, in addition to the Construction Products
Directive (CPD) the Energy Performance of Buildings Directive (EPBD), and European ecolabelling, sustainability rating or environmental declarations are under development.
5.1.2.3 Managing eco-efficiency
In the WBCSD report on measuring eco-innovations, Verfaillie and Bidwell (2000) introduce
two types of indicators:
- Generally applicable indicators can be used by virtually all businesses. As well as being
more or less universally relevant, each of these indicators relates to a global environmental
concern or business value and methods for measurement are established and definitions
accepted globally.
- Business specific indicators are those that do not meet criteria of generic indicators,
meaning that they are more likely to be individually defined from one business or one
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sector to another. These indicators are not necessarily less important than the first group.
That judgment will depend on the nature of an individual business. They are merely less
widely applicable.
A company’s eco-efficiency performance profile will include both types of indicators. The
authors of the report mentioned above propose five elements to be included in a company’s
summary profile on eco-efficiency: profiles on organisation, value and environmental impacts,
eco-efficiency ratios and methodological aspects. In value profile, it is possible to include
functional indicators.
The WBCSD has prepared a toolbox for implementing eco-efficiency in business (WBCSD
2009a). The set of tools are explained and positioned to fit with various needs at various levels
of business and society. Many of them are suitable for improvements in the processes and
technologies of the real estate and construction sector. They are listed in Table 5.1.1.
Table 5.1.1. Eco-efficiency tools for different business functions (WBCSD 2009)
Function
Organizational/Management

Tool
–
–
–

Environmental Management Systems
Stakeholder Engagement
Corporate Environmental Reporting
Life-Cycle Management
Design for Environment
Eco-Efficiency Analysis
Life-Cycle Assessment
Environmental Risk Assessment
Integrated Product Policy (IPP)
Environmental Supply Chain
Management
Green Procurement
Corporate Environmental Reporting
Eco-Labeling
Stakeholder Engagement
Eco-Efficiency Analysis
Industrial Ecology
Pollution Prevention
Life-Cycle Costing
Green Building Design
Environmental Impact Assessment
Environmental Management Systems
Stakeholder Engagement

–

Product Design & Development

–
–
–
–

–
Suppliers/Purchasing
Marketing and Communications

Production & Distribution

Facilities Management/
Project Development

5.1.3

–
–
–
–
–
–
–
–
–
–
–
–
–

ECO-EFFICIENT BUILDING AND CONSTRUCTION

5.1.3.1 Memorandum of Understanding of the C25
The Memorandum of Understanding of the Action C25 refers to various areas of development
needed for the eco-efficiency of constructions (MoU 2006):
New materials, products and technologies are in the longer-term perspective the necessary
way to reduce the environmental impacts. Construction products play a major role in improving
the eco-efficiency of buildings. Radical innovations are needed for a real change towards
sustainability. Application of developments in other industrial branches can also be regarded as
a significant potential, and it will generate new construction products and re-engineering of the
processes. Construction products need to be viewed in terms of functional units, how they
perform throughout the life-time of a built facility and what happens to them when
deconstruction or demolition takes place. Focusing on integrated and holistic research is
necessary as the associated problems are interrelated and wide. Furthermore, a single building
may consist of tens of basic materials and thousands of separate products. The challenge is how
to measure and manage the impacts of construction products. Generic performance based design
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and product development technologies offer tools for management of research and development
work.
Reuse and recycling of materials and components achieve a rate of over 80% in some OECD
countries, but it should be noted that much of the material is used in low-value-added form.
Increasing use of recycled waste as building materials is one of the steps to address the
environmental impacts positively.
Energy-efficiency in buildings is the most environmentally benign way to improve ecoefficiency of construction. It is from the viewpoints of the EU policy, one of the three key issues
identified as an area of necessary actions. The influence of the Directive on Energy performance
of buildings is expected to grow. Especially technical systems and envelopes of the existing
building stock are critical. From product-related points of view, the actions include the
designing and selling of more energy-efficient products that use fewer or new or different
materials with equivalent or superior performance. Improvement of energy efficiency brings
along several benefits also for urban sustainability.”
The Tasks to cope with the challenge of eco-efficiency were presented as follows:
- Identification and evaluation of existing and new functional materials, construction
products and processes to comply with decrease of material use, decrease of waste,
decrease of emissions and energy saving goals
- Improvement of environmental performance of constructions (structural and nonstructural elements and building envelopes). Improvement also of the comfort in
buildings (thermal, acoustic, lighting and quality of air), energy performance and
the integration of innovative systems in buildings (mechanical, electrical and
automation).
5.1.3.2 Enabling and emerging materials and products
Problems related to the built environment are almost solely related to materials. Improving the
eco-efficiency of materials has three facets:
- the raw material extraction should be focused on the renewable materials and
materials whose production is followed by low production of waste and low level
of greenhouse gas emissions.
- the construction material producers should be more effective in terms of savings of
raw material, energy and water, and
- the choice of material; should be those that are more energy-efficient and create a
healthier built environment.
The dominant structural materials especially in densely populated urban areas are concrete
and steel, and both have a rather high level of embodied energy. Production of cement accounts
to about 5% and that of steel to about 4% of the total man-made worldwide CO2 emissions.
Various production processes and products, use of positive energy mix focusing on renewable
energy and intensive recycling (and reuse) are available. However, main actual research
challenges are still the durability, life-cycle performance and design for re-use. In C25, these
areas of research and development have been introduced by the invited experts but also in
discussions and contributions based on the experience of various research groups. Some of these
topics related to common construction materials are presented in section 5.2, and sections 5.4 to
5.6. The performance of façade cladding systems in various countries is presented in a
collaborative work in section 5.3.
The functional material technology enables the generation and development of new product
lines with a growing market. One example is addressed in section 5.7 where characteristics and
use of Phase Changing Material in construction elements are analysed
According to Winandy (2002) all material suppliers, but especially those in charge for wood
supply, will need to adapt their business plans to create the knowledge and the infrastructure
critical for the production of durable building products in order to meet the long-term change in
the markets.
According to Lee, Mahendra & Alvarez (2010), the use of nano-materials in construction
materials and products is likely to increase, mainly with regards conventional materials or their
surfaces. Various manufactured nano-materials can improve vital characteristics of construction
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materials such as strength, durability, and lightness, endow useful properties (e.g., heatinsulating, self-cleaning, and antifogging), and function as key sensing components to monitor
construction safety and structural health. Many of these features are essential for improved lifecycle performance.
The product development methods are in many technological branches the essential part of
the competitiveness with which the timing and doing can be managed. The methods are generic
and do not depend on a special technology. They help to avoid risks of failures and mistakes.
The duration of innovation and engineering projects can be shortened when the tasks of
marketing, manufacture and development are taken care of simultaneously (concurrent
engineering). The product development is based on networking, also in the construction sector.
In a network, the knowledge management has a key role. At the same time, the duration of
processes should be shortened.
In development of eco-efficient construction products, eco-efficiency is a primary goal but
still one of a great variety of soft and hard goals that need to be taken into account in different
phases of a process, from the concept development to launch in the markets. Eco-efficiency
affects each group of competitive issues which can be grouped as functional, technical, service
and cost edges, as presented in Figure 5.1.5. The other requirements concerning a construction
product are due to regulations and construction supply networks.
BUSINESS CUSTOMERS
OCCUPANTS

REAL ESTATE SECTOR
BYER OF END PRODUCT

MARKET PULL

Added value for end-users

Performance competitiviness
Competitive
edge

Functional competitiveness
Fitness for purpose

CUSTOMERORIENTATION

Added-value for contracting
networks
Technical competitiviness
CONSTRUCTION

Fitness for building process

Regulated requirements
Market expectations

Prime technologies and
business models
BUSINESS CUSTOMERS

Construction product

TECHNOLOGY PUSH

Supply networks
Skills, knowledge, tools
and machinery

Design information and
data, design service
Fitness for design process

Fitness for manufacture
MANUFACTURER

Service competitiviness

Eco-efficiency

Cost competitiveness

Added-value for supply networks

Figure 5.1.5. Grouping of product requirements to be taken care of in a product development project.
Eco-efficiency affect each group, and as an overall goal (Koukkari 2009).

In the case of innovative structural materials and applications, the needs to verify technical
specifications and durability in use may lead to extensive studies. There are also several sources
of uncertainty in the methods themselves like for example the influence of loading on the longterm performance. In order to shorten the introduction lead-time of new solutions, more
efficient and reliable simulation tools should be developed and they should be available with
user-friendly interfaces in practice. On the other hand, risk analysis methods should be
developed together with reliability-based methods.
5.1.3.3 Eco-efficient buildings
The overall performance of a building is a result of the interaction of technical, structural and
spatial systems, and its relation to the surrounding natural environment. The major role of the
construction products in improving the energy efficiency of buildings presupposes proactive
measures in concept design. There still exist needs to develop the methods of building physics
and their application in verification of different solutions. The applications of alternative energy
systems, as well as the full interaction of renewable energy devices within the building
envelope, need to be developed.
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Clear needs to introduce eco-efficiency in the procurement of construction-works are rather
obvious. However, it is not so simple to implement this requirement. One of the critical aspects
is the availability of reliable tools for its evaluation. One of the C25 deliverables is the
collection of data used in collaborative projects. The data is made available and published in
Appendix 1. In addition, modelling, simulation and design tools are typically high-level sciencebased knowledge but interpretation and use of results require practical expertise. In Part III,
case-studies are given as references and practical applications.
Sustainable construction ensures more economical use of finite raw materials and reduces the
accumulation of pollutants and waste. The complete cycle of sustainable construction activities
comprises the ways in which built structures are procured and erected, used and operated,
maintained and repaired, modernised and rehabilitated, and finally dismantled and demolished
or reused and recycled. Compared with other products, construction products are long-lasting.
This fact emphasizes the need to incorporate methods of life-time engineering.
The urban and natural environments are inseparably linked. Energy, materials, water and land
are all consumed in the construction and operation of buildings and infrastructure.
Environmental, socio-economic and cultural issues in the construction sector are characterised
by their complexity, the diversity of operators concerned and the needs for innovative and
multidisciplinary solutions.
The European building stock needs refurbishment for several reasons, and the proportion of
refurbishment work is already about half of the total input in the construction sector. The most
up-dated information on the EU building stock and its characteristics, and the overview of the
policy documents are given in section 6.1. This paper provides important insight into actual
problems, common evaluation methods needed to assist in decision-making at project,
communal and society level, as well as development of technologies. Experience gained in
some countries including Portugal, Romania and Lithuania, are discussed within Action C25.
Collaborative works are presented in sections 6.2 to 6.4. Energy audits refer to a collection of
documents necessary for assessment of thermal-energy rehabilitation and upgrade of the
buildings. The work on energy audits, which is presented in section 6.2 includes the following:
- thermal-technical characteristics of the building (elements of construction and
installation) and energy consumptions for compliance with normal function;
- the energy certificate – to quantify quality of building;
- the energy audit – which proposes solutions for reducing the energy consumption of
the buildings.
There are a variety of methods for the analysis and prediction of energy consumption. In
general, they are based on two approaches:
- a direct approach; the energy consumption estimate is based on physical description
of the building and type of HVAC systems (heating, ventilation, and air
conditioning);
- a reverse approach; energy consumption analysis is based on the existing
information for consumption including relevant data for a building performance,
such as weather conditions, status of HVAC.
Definitions of building performance, considering the energy used, and criteria for
improvements of energy efficiency of buildings are discussed in sections 6.5 to 6.8. Upgrading
of the energy performance of the existing building stock, is always associated with requirements
for a holistic assessment of the results.
Reference guidelines for the indoor environment, and for water management and the use of
alternative energy in buildings are provided in deliverables in section 7.1, section 7.2 and
section 7.3, respectively.

5.1.4

CONCLUDING REMARKS

Eco-effective products, processes and building design, require an integrated approach in
construction. The main challenges lie in how these issues can be addressed and quantified.
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Within WG2 of COST Action C25 various examples based on ongoing research and developing
projects in different countries and research groups were discussed. Some of these discussions
are documented in the form of collaborative works, presented in the papers of this volume.
Other contributions are presented in the form of well documented data sheets. It is not possible
to document all data referred to in the collaborative projects but the data sheets provided in
Appendix 1 serve as a reliable and useful reference.
The Construction Industry requires innovative sustainable approaches to building design that
are ecologically friendly and economically justified. The design needs, not only to minimize the
impact on the environment but also, to maximize the benefit during the life time. The “cradleto-cradle” approach for eco-effectiveness is based on innovative materials, processes, and
systems wherein all waste that cannot be disposed into the biosphere is collected and redirected
back to the techno-sphere. This approach was a relevant consideration in the case-studies which
are presented in Part III, as practical references and applications.
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5.2.1

INTRODUCTION

Concrete is the most widely used building material in the construction industry and after water
the second most consumed substance in the world. It is estimated that today's world concrete
production is about 6 billions tons per year, i.e. one tone per person per year (ISO, 2005). The
concrete industry is regarded as a large consumer of natural resources. Consumption of natural
aggregate as a largest concrete component is constantly and rapidly increasing with increasing
of the production and utilization of concrete. For example, three billions tons of aggregate are
produced each year in the countries of European Union (European Environment Agency,
2008). This situation puts a question about the availability of natural aggregate’s sources. Many
European countries have placed taxes on the use of virgin aggregates.
From the other hand, waste arising from the construction sector – construction and demolition waste (C&D) - is also a relevant concern in the protection of the environment. For example, about 850 millions tons of C&D waste is generated in the EU per year, which represents
31% of the total waste generation (Fisher & Werge, 2009). The most common method of managing this material is through its disposal of in landfills. In that way huge deposits of C&D
waste are created and consequently agriculture land is decreasing. For that reason in developed
countries, restricted laws in a form of prohibitions or special taxes for creating of waste areas
were brought into practice.
Recycling represents one way to convert a waste product into a resource. It has the potential
to reduce the amount of C&D waste disposed of in landfills and preserve natural resources.
This potential can be utilized if aggregates obtained by recycling are used not only in lower
quality product applications but for structural concrete applications too. The quality of recycled
aggregate is usually lower than quality of natural aggregate which is an important fact for structural concrete application. Recycling of C&D waste consumes considerable energy. So the
question is: can we make a quality structural concrete with recycled aggregate and, if it is possible, can recycling really provide energy savings while decreasing environmental burdens of
concrete?
The main purpose of this work is to determine the potential of recycled aggregate concrete to
be used as structural concrete and to compare the environmental impact of the production of
two types of ready-mixed concrete: natural aggregate concrete (NAC) made entirely with river
aggregate (gravel and sand) and recycled aggregate concrete (RAC) made with natural fine and
recycled coarse aggregate. In order to address the overall environmental impact, all the life cycle phases of a concrete structure need to be taken into account, including the production of
raw materials and concrete, construction and service phase, demolition and dismantling, and
recycling of waste materials and disposal. In this work only the part of the entire life cycle of a
concrete structure – raw materials extraction and production and transport of ready-mixed
RAC and NAC - is analysed.
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5.2.2

MECHANICAL, RHEOLOGICAL AND DURABILITY PROPERTIES OF RAC

Recycled aggregates from waste concrete are generally produced by crushing, screening and
removing the contaminants such as reinforcement, paper, wood, plastics, gypsum (by magnetic
separation, water cleaning, air-sifting). Crushing (primary and secondary) is performed using a
combination of compressive-type and impact-type crushers, such as the jaw crusher and impact
crusher. These aggregates are commonly used in lower quality product applications such as
road base and backfills, where they compete favorably with natural aggregates in many local
markets today. But despite all the research performed in this area, this material is presently often not considered for higher quality product applications such as aggregate for structural concrete, because of many performance considerations. Recycled aggregates have lower density,
higher porosity and higher water absorption than natural aggregates and these properties of recycled aggregates affect the properties of concrete as well.
5.2.2.1 Own experimental investigation
The aim of this investigation is to compare the basic properties of control concrete (concrete
made with natural aggregate) and the properties of concrete made with different contents of recycled concrete aggregate.
Three concrete types were tested within research program (Malesev et al, 2007). Mixture
proportions of the tested concrete types were determined in accordance to the following conditions:
- same cement content,
- same workability after 30 min,
- same maximum grain size (32mm),
- same grain size distribution,
- same type and quantity of fine aggregate (natural river sand),
- variable type and quantity of coarse aggregate.
The type and amount of coarse aggregate were varied in the following way:
- the control concrete type R0 had 100% of natural river coarse aggregate,
- the concrete type R50 had 50% of natural river coarse aggregate and 50% of recycled coarse
aggregate,
- the concrete type R100 had 100% of recycled coarse aggregate.
Component materials for concrete mixtures were:
- Portland-composite cement CEM II/A-M(S-L) 42.5R, (Lafarge -BFC),
- fine aggregate (river aggregate, grain size 0/4mm),
- two types of coarse aggregate: river and recycled concrete aggregate, grain sizes 4/8, 8/16 and
16/31.5mm,
- water.
Fine and coarse natural aggregates are derived from River Sava and dominantly consist of
quartz grains.
Recycled concrete aggregate was produced by crushing of "old" concrete cubes used for
compressive strength testing and one precast reinforced concrete column, which had inappropriate dimensions. The strength class of old concrete cubes was C30/37 and the corresponding
value for precast column was C40/50, nomenclature according to Eurocode 2 (CEN, 2004). The
primary crushing was done with pneumatic hammer and the secondary crushing was performed in a rotating crusher. Crushed concrete particles were separated into standard fractions
of coarse aggregate (4-8 mm, 8-16 mm and 16-31.5 mm), Figure 5.2.1.
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Figure 5.2.1. Coarse recycled concrete aggregate

All component materials were tested prior to mix proportion design. The results of natural
and recycled coarse aggregate properties testing are shown in Table 5.2.1.
Table 5.2.1. Results of natural and recycled coarse aggregate testing
Tested property
Crushing resistance
(in cylinder)
Freezing resistance
test
Chemical testing
(mortar part of recycled aggregate)
Content of weak
grains
Crushing resistance
(Los Angeles test)
Water absorption
after 30 minutes
Fines content
Specific gravity
Bulk density, uncompacted
Bulk density, compacted

NA

RCA

Grain size
8/16
NA
RCA

mass loss (%)

14.0

18.3

18.6

26.7

23.8

30.7

 30

mass loss (%)

1.6

2.0

1.4

1.4

1.5

1.0

 12

chloride content

NA

0

NA

0

NA

0

 0.1

sulfate content

NA
NA

NA

in
traces
9.85

 1.0

pH

in
traces
9.85

(%)

0

mass loss (%)

Measured
value

4/8

16/32
NA
RCA

Quality requirement

NA

in
traces
9.85

0

0

3.7

0

7.1

 3 (4)

26.3

29.6

29.0

33.7

29.2

34.0

 30

(%)

0.4

4.59

0.4

2.87

0.3

2.44

-

(%)
kg/m3

0.23
2666

0.45
2346

0.15
2669

0.23
2458

0.12
2671

0.36
2489

 1.0
2000-3000

kg/m3

1490

1275

1470

1239

1460

1236

-

kg/m3

1590

1388

1570

1323

1560

1325

-

NA

NA

-

Properties of natural and recycled concrete coarse aggregate were tested according to Serbian standards for natural aggregates and quality requirements given in Table 5.2.1 are also according to Serbian standard for natural aggregates: SRPS B.B2.010:1986 (SIS, 1986). As it can
be seen from Table 5.2.1, recycled aggregate with grain sizes of 8/16 and 16/32 don't satisfy the
weak grains content and crushing resistance quality requirements for natural aggregates. This
was expected because of the mortar and cement paste attached to the stone particles in the recycled aggregate.
When waste concrete is crushed, a certain amount of mortar and cement paste from original
concrete remains attached to stone particles in recycled aggregate. Because of that, recycled aggregate has significantly larger water absorption than natural aggregate. To obtain the desired
workability of RAC it is necessary to add a certain amount of water to saturate recycled aggregate, before or during mixing. In this case, dried recycled aggregate and additional water were
used, Figure 5.2.2. Additional water quantity was calculated based on the water absorption results of recycled aggregates 30 minutes after mixing. Table 5.2.2 shows the obtained mix proportions for all three concrete types.
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Figure 5.2.2. Slump test (a) immediately after mixing and (b) after 30 minutes
Table 5.2.2. Mix proportions of concretes
Concrete
type
R0
R50
R100
1

Cement
(kg/m³)
352
352
348

Water
(kg/m³)
181 + 01
180 + 201
180 + 361

Aggregate
(kg/m³)
0/4
612
600
586

4/8
298
145
0

NA
8/16
390
191
0

16/32
556
272
0

0/4
0
0
0

RCA
8/16
0
0
118
136
231
266
4/8

16/32
0
354
693

additional water content

Table 5.2.3 shows the results of fresh concrete testing for all three concrete types.
Table 5.2.3. Results of fresh concrete properties testing
Concrete
type

Water /cement
ratio1

Slump2
(cm)

Slump3
(cm)

R0
R50
R100

0.514
0.568
0.620

16
14.5
11

10
8.5
9

Air content
(%)
1.5
1.4
1.3

Bulk density
(kg/m³)
2399
2378
2329

1

total water to cement ratio, including additional water content
measured slump immediately after mixing
3
measured slump after 30 minutes
2

The results of hardened concrete properties testing at the age of 28 days are shown in Table
5.2.4. According to these test results, the performance of recycled aggregate concrete, even
with the total replacement of coarse natural with coarse recycled aggregate, is mainly satisfactory, regarding not only the mechanical properties, but also the other requirements related to
mixture proportion design and production of this concrete type. The only two properties those
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are lower than for the natural aggregate concrete are the modulus of elasticity and shrinkage
deformation.
Shrinkage of concrete depends on the amount of recycled concrete aggregate. Concrete with
more than 50% of recycled coarse aggregate has significantly higher shrinkage compared to
concrete with natural aggregate. Modulus of elasticity of concrete also decreases with increasing of recycled aggregate content as a consequence of lower modulus of elasticity of recycled
aggregate compared to natural aggregate. Both increased shrinkage and decreased modulus of
elasticity are the result of the attached mortar and cement paste in the recycled aggregate grains.
Table 5.2.4. Results of fresh concrete properties testing
Concrete type
Compressive strength (MPa)
Splitting tensile strength (MPa)
Flexural strength (MPa)
Drying shrinkage (mm/m)
Water absorption (%)
Wear resistance (cm³/ 50 cm)
Modulus of elasticity (GPa)
Bond between mild reinforcement and concrete MPa
Bond between ribbed reinforcement and concrete MPa

R0
43.44
2.66
5.4
0.339
5.61
13.40
35.55
6.48
8.22

R50
45.22
3.20
5.7
0.306
6.87
15.58
32.25
5.87
7.50

R100
45.66
2.78
5.2
0.407
8.05
17.18
29.10
6.76
7.75

5.2.2.2 Other experimental investigations
Available experimental evidence of concrete made with such, low-quality recycled aggregate
vary in wide limits, sometimes are even opposite, but general conclusions about the properties
of the concrete with recycled coarse aggregate, compared to concrete with natural aggregate
with the same water-to-cement (w/c) ratio (Hansen, 1992; Yang et al, 2008; Xiao et al, 2005;
Ajdukiewicz & Kliszczewicz, 2002; Poon et al, 2004; Rahal, 2007; Sanchez & Gutierrez, 2004;
Malesev et al, 2007; Gómez-Soberón, 2002a; Gómez-Soberón, 2002b; Olorunsogo & Padayachee, 2002; Levy & Helene, 2004; Salem et al, 2003; Zaharieva, 2004), are:
- decreased compressive strength (up to 25%),
- decreased splitting and flexural tensile strength (up to 10%),
- decreased modulus of elasticity (up to 45%),
- increased drying shrinkage (up to 50%),
- increased creep (up to 50%),
- increased water absorption (up to 50%),
- decreased freezing and thawing resistance,
- similar depth of carbonation,
- same or slightly increased chloride penetration.
Given values are the upper bounds of all the analyzed research data. Unfortunately, there is a
large experimental data scatter because the quality of RAC depends mostly on the quality of recycled aggregate, i.e. the quality of waste concrete which is used for recycling. There is a general opinion that RAC will have the same or even better properties comparing to NAC with the
same w/c ratio if waste concrete has smaller w/c than new RAC made of it (Hansen, 1992). But
this situation is rarely going to happen in practice because the demolished concrete is usually of
low quality or it’s a mix of different quality waste concretes originating from different demolishing sites. However, according to most of the published research (Ajdukiewicz & Kliszczewicz, 2002; Malesev et al, 2007; Dosho et al, 1998; Hansen & Narud, 1983), low to middle
strength RAC with coarse recycled aggregate (with compressive strength up to 30 MPa – 35
MPa) can be obtained regardless of the quality of recycled aggregate. From the point of view of
practical applications and production conditions at recycling plants, this is a very important
conclusion.
Properties of RAC with fine and coarse recycled aggregate are even lower and utilization of
fine recycled aggregate in RAC for structural use is generally not recommended (Hansen,
1992). For this reason only the RAC made with coarse recycled aggregate and natural fine aggregate is analysed in this work.
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It is obvious that RAC shouldn’t be used for high strength concrete or aggressive environmental conditions. But its utilization for low to middle strength structural concrete and nonaggressive exposure conditions, such as X0, XC1 and XC2 exposure classes according to EC2,
(CEN, 2004) is technically feasible.
5.2.3

TESTS ON RAC AND NAC PROPERTIES

To perform a comparative analysis of environmental impact of different concrete types, it is
necessary that they have approximately the same performance: mechanical properties and
workability, at least. Because of that, the mix proportion of natural aggregate concrete and recycled aggregate concrete is determined so that both types of concrete have the same compressive strength and same workability. Nevertheless, rheological and durability related properties
may not still be the same and it’s likely that RAC will have a lower durability performance than
NAC. To enable a comparative environmental impact assessment it is assumed that both types
of concrete are going to be used for structural elements not exposed to aggressive environment,
i.e. they are going to be used for indoor dry or dry to wet conditions.
Coarse recycled aggregate was obtained from demolished thirty years old reinforced concrete structure, Figure 5.2.3. It was planned to be a facility of the Faculty of Technical Sciences
in Novi Sad, but it was never finished and the structure has been exposed to weather conditions for more than thirty years. The crushing of the concrete waste and screening into three
fractions: 4/8 mm, 8/16 mm and 16/31.5 mm was performed in mobile recycling plant, Figure
5.2.4. The properties of recycled aggregate were tested and results are shown in Table 5.2.5.
Several European studies have been performed concerning indicators and data needed for
the evaluation of the energy performance of buildings. As the most accessible data concerns
residential buildings, the work has very much concerned to it. The list of Odyssee project is
similar with the indicators used in practical assessments (Odyssee 2007):
- Unit consumption per households (total, for various purposes, per m2, with climatic corrections, in useful energy)
- Energy efficiency index
3
- Specific consumption of new dwellings (per m , flat, houses)
- CO2 emissions (direct, total, per dwelling, for space heating)

Figure 5.2.3. Demolition of thirty years old reinforced concrete structure

Data and information needed in evaluation of energy used in the building stock can be
found more frequently in publications, based on several European and international projects
and networks, like e.g. International Energy Agency IEA (2007), European Programme for Intelligence Energy Europe IEE in the Competitiveness and Innovation Framework Programme
(IEE 2007), European Framework Programmes for Research (especially Themes for Environment and Energy) and COST Actions.
The component materials used for both concrete types were:
- Portland cement CEM I 42.5 R
- fine aggregate, fraction 0/4 mm (river aggregate, Morava river)
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- two types of coarse aggregate, fractions 4/8 mm, 8/16 mm and 16/31.5 mm: river aggregate
(Morava river) for NAC and recycled aggregate for RAC
- water.
The target concrete strength class for both types was C25/30 (nomenclature according to
EC2) and the target slump 20 minutes after mixing for both types was 6±1 cm. Dried recycled
aggregate was used for RAC production and additional water quantity was calculated on the
basis of recycled aggregate water absorption after 30 minutes. Cement content, i.e. w/c ratio
was then determined on the basis of required compressive strength. This w/c ratio refers to free
water content, excluding the amount of additional water. No plasticizing admixtures were used.
Laboratory tests with various mix proportions were performed to determine the mix proportion
of RAC which will have the same compressive strength and the same slump as NAC. The results, i.e. obtained mix proportions and properties of NAC and RAC, are shown in Tables 5.2.6-7

Figure 5.2.4. Recycling of demolished concrete
Table 5.2.5. Recycled aggregate properties

Mass loss (%)
Mass loss (%)
(%)

Fraction
4/8
16.7
1.8
0.6

8/16
23.8
1.4
3.4

16/31.5
29.2
1.2
6.2

Quality requirement
< 30
< 12
< 3 (4)

Mass loss (%)

28.3

30.4

33.1

< 30

(%)
(%)

6.0
0.38

4.0
0.29

2.0
0.36

<1

Property

Unit

Crushing resistance (in cylinder)
Soundness of aggregate
Content of weak grains
Crushing resistance
("Los Angeles" test)
Water absorption after 30 minutes
Fines content

Table 5.2.6. NAC and RAC mix proportion for concrete strength class C25/30
Component materials in kg/m3 of concrete
Cement CEMII/A-M-(S/L) 42.5 R
Aggregate
0/4 mm
4/8 mm
8/16 mm
16/31.5 mm
Total
Water
Water-to-cement ratio: mv/mc
Aggregate-to-cement ratio: ma/mc

NAC
315
658
338
282
601
1879
180
0.571
5.965

RAC
330
601
240 (recycled)
343 (recycled)
532 (recycled)
1716
181 + 40*
0.548
5.200

*

Additional water quantity for saturation was calculated using results of water absorption of recycled aggregate after 30 minutes.

It can be seen from Table 5.2.6 that slightly larger amount of cement (about 5%), i.e. slightly
smaller free water-to-cement ratio is required for RAC than for corresponding NAC in order to
obtain the same workability and strength.
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Table 5.2.7. Tested properties of NAC and RAC
Property
Density [kg/m3]
Slump after 20 minutes [cm]
Compressive strength at 28 days [MPa]

5.2.4

NAC
2396
5.5
39.2

RAC
2259
7.0
38.6

ENVIRONMENTAL IMPACT ASSESSMENT

The environmental impact assessment follows the standard protocol of Life Cycle Assessment
(LCA) according to ISO 14040 – 14043 (ISO, 1997-2001). Life Cycle Assessment is a methodology for evaluating the environmental load of processes and products during their life cycle
from cradle to grave. According to ISO standards (ISO, 1997-2001), LCA consists of four
steps: goal and scope definition, creating the life cycle inventory, assessing the environmental
impact and interpreting the results.
5.2.4.1 Goal and scope definition
The goal of this study is to compare the environmental impact of the production of two types
of ready-mixed concrete: natural aggregate concrete (NAC) made with river aggregate and recycled aggregate concrete (RAC) made with natural fine and recycled coarse aggregate. This
goal determines the system boundaries: the analyzed part of the life cycle includes production
and transport of raw materials, cement and aggregate, and production and transport of concrete
from concrete plant to the construction site, Figure 5.2.5.
The construction, service phase and demolition phase are excluded. It is estimated that the
impact from these life cycle phases is approximately the same for both concrete types, under
the assumptions explained in chapter 3: same workability and strength, concrete structure not
exposed to aggressive environment conditions. Further treatment of the waste products is not
considered in detail: only the amount of produced waste is calculated assuming disposal of in
landfill for NAC and recycling for RAC.
The functional unit of 1 m3 of ready-mixed NAC and RAC is used in this work.

Figure 5.2.5. Life cycle of concrete structure

5.2.4.2 Life cycle inventory (LCI) results
This step of the LCA involves collecting data for each unit process regarding all relevant inputs
and outputs of energy and mass flow, as well as data on emissions to air, water and land. The
production of ready-mixed NAC and RAC studied in this paper is located in Serbia, so all the
LCI data for aggregate, cement and concrete production are collected from local suppliers and
manufacturers (Marinkovic et al, 2008). Emission data for diesel production and transportation,
natural gas distribution and transport that couldn’t be collected for local conditions are taken
from GEMIS data base (Öko-Institut, 2007). Data are taken from no earlier than 2000, so the

196

Part II – Eco-efficiency
______________________________________________________________________________________________________

processes analyzed in this work are based on recent technologies and normal production conditions.
Tables 5.2.8-5.2.9 show calculated energy requirement and emissions to air for the production and transport of 1 m3 of ready-mixed NAC and RAC, respectively. The amounts of component materials (cement, natural and recycled aggregate) are according to tests performed for
determining the mix proportions of NAC and RAC with same compressive strength (C25/30)
and slump (6±1 cm after 20 minutes).
Table 5.2.8. Inventory Table 5.2.per 1 m3 of NAC, transport scenario 1
Cement (kg)
315.00
Energy (MJ)
Coal
1061.594
Diesel
7.676
Natural
26.201
gas
Electricity 159.917
Emission to air (g)
CO
1324.016
NOx
717.906
SOx
1148.789
CH4
315.866
CO2
271278.882
N2O
0.238
HCl
21.357
HC
0.183
NMVOC
10.941
particles
224.274

Aggregate (kg)
NA: 1879.00

Concrete
1 m3

Transport
1 m3

27.772

267.187
20.069

6.530
29.273
10.235
2.435
2589.123
0.103

0.737
2.734

Total

1061.594
302.635
26.201
179.986

0.723
13.224
98.754
0.433
5698.210
0.029
2.680
0.023
0.071
11.991

66.836
175.220
75.587
20.894
19257.738
0.557

32.527
42.377

1398.104
935.623
1333.364
339.628
298823.953
0.928
24.037
0.206
44.275
281.376

Table 5.2.9. Inventory Table 5.2.per 1 m3 of RAC, transport scenario 1
Cement (kg)
330.00
Energy (MJ)
Coal
1112.146
Diesel
8.042
Natural
27.449
gas
Electricity 167.532
Emission to air (g)
CO
1387.064
NOx
752.092
SOx
1203.493
CH4
330.907
CO2
284196.924
N2O
0.249
HCl
22.374
HC
0.191
NMVOC
11.462
particles
234.954

Aggregate (kg)
RA:
NA: 601.00
1115.00

20.271

Concrete
1 m3

8.883

Transport
1 m3

248.629
20.069

4.766
21.367
7.470
1.777
1536.387
0.075

2.088
9.363
3.274
0.779
828.134
0.033

0.537
1.995

0.236
0.874
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0.723
13.224
98.754
0.433
5698.210
0.029
2.680
0.023
0.071
11.991

Total

1112.146
285.824
27.449
187.601

62.788
155.351
70.024
19.476
17889.850
0.516

31.413
26.507

1457.429
951.398
1383.014
353.372
310149.505
0.903
25.054
0.214
43.718
276.322
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5.2.4.3 Transport distances
To calculate LCI data for the life cycle which includes transport, it is necessary to assume
transportation types and distances. In this work, transport distances are estimated for the construction site located in the capital of Serbia, Belgrade. For that case, the usual transportation
distances and types in Serbia are as follow:
- cement is transported by heavy trucks from cement factory to concrete plant and the estimated distance is 150 km,
- natural river aggregate (sand and gravel) are transported by medium-sized ships from the
extraction place to concrete plant and the estimated distance is 100 km,
- recycled aggregate is transported by medium-heavy trucks from recycling plant to concrete plant and the estimated distance is 15 km, i.e. it is assumed that recycling plant is
located close to Belgrade,
- concrete is transported by concrete mixers from concrete plant to construction site and
the estimated distance is 10 km.
This set of data regarding transport types and distances is typical for the construction site located in Belgrade and it is called a transport scenario 1 in this work.
5.2.4.4 Life cycle impact assessment
LCIA phase evaluates potential environmental impacts and estimates resources used in the
modelled system. This step consists of three mandatory elements: selection of impact categories, classification which means assignment of LCI results (emissions, wastes and resources) to
the chosen impact categories, and characterization in which the converted LCI results are aggregated into an indicator result. Indicator result is the final result of the mandatory part of a
LCIA. Normalization, grouping, weighting and additional LCIA data quality analysis are optional steps and they are not performed in this study.
The problem-oriented (mid-points) methodology (Proctor & Gamble, 2005) is chosen for
the impact assessment. This approach involves the environmental impacts associated with climate change, acidification, eutrophication, photochemical oxidant creation, human toxicity,
abiotic depletion etc. and the impacts can be evaluated using the CML method (Guinée et al,
2001a, Guinée et al, 2001b), EDIP method (Wenzel et al, 1997), etc. The CML methodology is
chosen in this study.
The environmental impact categories included in this work are: global warming (climate
change), eutrophication, acidification and photochemical oxidant creation (POC). They are
calculated by multiplying the emission results by their corresponding characterization factors,
CML methodology (Guinée et al, 2001b). Besides, cumulated energy requirement during the
studied part of the life cycle is calculated and expressed as energy use, as well as the amount of
waste produced and depletion of natural mineral resources.
Calculated impact indicators for chosen impact categories per functional unit (1 m 3 of concrete) are shown in Tables 10-11, for NAC and RAC, respectively. Indicators are expressed in
following units: global warming in g of carbon dioxide equivalent, eutrophication in g of
phosphate equivalent, acidification in g of sulphur dioxide equivalent and photochemical oxidant creation in g of ethylene equivalent.
Table 5.2.10. Environmental impacts per 1 m3 of NAC, transport scenario 1
Impact
category

Energy use

Global warming

MJ

g CO2-eq.

Cement
Aggregate
Concrete
Transport
Total

1255.388
27.772
20.069
267.187
1570.415

279251.727
2683.073
5718.354
19958.410
307611.565

Eutrophication

Acidification

POC

g PO4 -eq.

g SO2-eq.

g C2H4-eq.

93.328
3.805
1.719
22.779
121.631

1670.117
30.726
110.369
198.241
2009.453

49.054
0.527
0.055
15.589
65.225

-3
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Table 5.2.11. Environmental impacts per 1 m3 of RAC, transport scenario 1
Impact
category
Cement
Aggregate
Concrete
Transport
Total

Energy use
MJ
1315.168
29.153
20.069
248.629
1613.019

Global warming
g CO2-eq.
292549.429
2462.935
5718.354
18541.993
319272.711

Eutrophication
g PO4-3-eq.
97.772
3.995
1.719
20.196
123.682

Acidification
g SO2-eq.
1749.647
32.255
110.369
178.770
2071.040

POC
g C2H4-eq.
51.390
0.553
0.055
14.994
66.992

5.2.4.5 Discussion and interpretation
Figures 5.2.6-5.2.10 show the contribution of various phases in raw material extraction and
material production part of the concrete life cycle to studied impact categories. Figure 5.2.11
shows the mineral resources depletion and amount of waste for NAC and RAC. The waste
amount was calculated as if all demolished concrete is disposed of in landfill in case of NAC,
and 60% of demolished concrete is recycled into recycled aggregate in the case of RAC.
The results show that the cement production is the largest contributor to all impact categories, for NAC and RAC both. In the case of NAC, it causes approximately 80% of the total energy use, 91% of the total global warming, 77% of the total eutrophication, 83% of the total
acidification and 75% of the total POC. Similarly, for RAC, cement production causes 82% of
the total energy use, 92% of the total global warming, 79% of the total eutrophication, 85% of
the total acidification and 77% of the total POC. The main reason for such a situation is a large
CO2 emission during the calcination process in the clinker production and the fossil fuel usage.
The contribution of the aggregate and concrete production is very small, while the contribution
of transport lies somewhere in between.
Energy use
(MJ)

2000
1500

NAC
RAC

1000
500
0
Cement

Aggregate

Concrete

Transport

Total

Figure 5.2.6. Contribution of NAC and RAC life cycle phases to energy use
400000

Global warming
(g CO2-eq.)

300000
NAC
RAC

200000
100000
0
Cement

Aggregate Concrete

Transport

Total

Figure 5.2.7. Contribution of NAC and RAC life cycle phases to global warming
150
125

Eutrophication
(g PO4-3-eq.)

100
75
50
25

NAC
RAC

0
Cement

Aggregate

Concrete

Transport

Total

Figure 5.2.8. Contribution of NAC and RAC life cycle phases to eutrophication
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2500

Acidification
(g SO2-eq.)

2000
1500

NAC
RAC

1000
500
0
Cem ent

Aggregate

Concrete

Trans port

Total

Figure 5.2.9. Contribution of NAC and RAC life cycle phases to acidification
POC
(g C2H4-eq.)

75
NAC
RAC

50
25
0
Cement

Aggregate

Concrete

Transport

Total

Figure 5.2.10. Contribution of NAC and RAC life cycle phases to POC

The environmental impact of RAC and NAC production in terms of calculated impact categories is approximately the same (look at the total values for each category on Figures 4-8) and
the benefit from recycling in terms of waste and natural mineral resources depletion minimizing is clearly gained, Figure 5.2.11.
Waste (kg)

Mineral resource
deplition (kg)

3000
2500
NAC
RAC

2000
1500
1000
500
0
Total

Total

Figure 5.2.11. The waste produced and mineral resource depletion per 1 m3 of NAC and RAC

Besides cement production, transport is also a big contributor to the environmental load and
that directly depends on the transport distances and the type of transport vehicle. If, for example, the transport distances for natural and recycled aggregate are equal (which means that recycling plant is not located close to construction site) then the overall picture changes.
Table 5.2.12 shows the calculated impacts of RAC for transport scenario 2, which is the
same as transport scenario 1 except for the transport distance of recycled aggregate. In this scenario it is assumed that transport distances for both aggregate types (recycled and natural) are
equal to 100 km. The environmental impacts increase of RAC over NAC for these two transport scenarios is shown in Table 5.2.13. In scenario 1 case, the total impact of RAC for each
category is negligibly larger than the impact of NAC, increase ranging from 1.7% to 3.8%. In
scenario 2 case, this increase ranges from 11.3% to 36.6% depending on the impact category
and it can be considered significant. This is a consequence of not only larger transport distance
of recycled aggregate, but also of different type of transport vehicle: in both scenarios, recycled
aggregate is assumed to be transported by trucks, while natural (river) aggregate is assumed to
be transported by ships which are less pollutant vehicles.
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Table 5.2.12. Environmental impacts per 1 m3 of RAC, transport scenario 2
Impact
category
Cement
Aggregate
Concrete
Transport
Total

Energy use
MJ
1315.168
29.153
20.069
558.230
1922.621

Global warming
g CO2-eq.
292549.429
2462.935
5718.354
41612.226
342342.944

Eutrophication
g PO4-3-eq.
97.772
3.995
1.719
44.107
147.593

Acidification
g SO2-eq.
1749.647
32.255
110.369
394.708
2286.978

POC
g C2H4-eq.
51.390
0.553
0.055
37.116
89.114

Table 5.2.13. RAC over NAC environmental impacts increase for different transport scenarios
Impact
category
Energy use
Global warming
Eutrophication
Acidification
POC

5.2.5

RAC over NAC impact increase (%)
Scenario 1
Scenario 2
2.58
22.43
3.72
11.29
1.60
21.35
2.98
13.81
2.49
36.63

CONCLUSION

According to up-to-date state of research in the area, mechanical and durability related properties of RAC with coarse recycled aggregates are lower than the properties of NAC with the
same water-to-cement ratio. Utilization of recycled aggregates from demolished concrete in
structural concrete is technically feasible but limited. Firstly, it’s limited to utilization of only
coarse recycled aggregate, the use of fine recycled aggregate in concrete for structural use is
generally not recommended. Secondly, the quality of RAC made of fine natural and coarse recycled aggregate is limited to low-to-middle strength structural concrete, up to class C30/37
(nomenclature according to EC2). Finally, the application of such a RAC in aggressive environment conditions (risk of corrosion induced by carbonation and chlorides or risk of
freeze/thaw and chemical attack) is not recommended because of its uncertain durability performance.
Even with all these limitations, the utilization of recycled aggregates in structural concrete
should help improving the environmental performance of concrete. Having in mind that aggregates obtained by traditional recycling of demolished concrete are of lower quality than natural
aggregates, and that recycling process consumes considerable energy, the environmental benefit from recycling is questionable.
To get an answer to this question, environmental impacts of production of two types of concrete are compared: NAC made entirely with natural river aggregate and RAC made with natural fine and recycled coarse aggregate. To enable the comparison, mix proportions are determined so that both concrete types have the same workability and compressive strength. For
that reason, a series of laboratory tests are performed and results show that a slightly larger
amount of cement (about 5%) is required in RAC mix proportion in order to obtain the same
compressive strength and same workability as corresponding NAC.
The comparative environmental impact analysis is performed for raw material extraction and
material production part of the concrete life cycle (including the transport) following the standard protocol of LCA. The analysis is limited to a type of concrete structure for which nonaggressive environment conditions apply (such as indoor environment of residential and office
buildings, for example). Otherwise, the exclusion of service phase wouldn’t be correct, because of the possible different durability performance of two concrete types. Under all these
assumptions, the impact of construction, service and demolition phase is expected to be approximately the same for both concrete types, and these phases need not be taken into consideration in comparative analysis.
The LCA results show that the cement production is the largest contributor to environmental
impact categories: energy use, global warming, eutrophication, acidification and photochemical
oxidant creation, for NAC and RAC both. Transport is also a big contributor to the environ-
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mental load and that directly depends on the transport distances. In this study it is assumed that
the transport distances for recycled aggregate are smaller than those for natural river aggregate,
i.e. it is assumed that recycling plant is located close to the urban area, which is normally the
case. Under this assumption, the environmental impact of RAC and NAC production in terms
of studied impact categories is approximately the same and the benefit from recycling in terms
of waste and natural mineral resources depletion minimizing is clearly gained. But in case of
equal or even larger transport distances of recycled aggregate compared to transport distances
of natural river aggregate, the benefit from recycling can be diminished by the impact of transport. So, according to results of this study, to gain the environmental benefit from RAC over
the NAC made of natural river aggregate, it is necessary to locate the recycling plants close to
urban areas where most of the construction sites are situated.
Datasheet on RAC with coarse recycled aggregate is provided in Appendix 1.
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5.3.1 INTRODUCTION
In consideration of the ever increasing oil prices, environmental concerns and social cohesion,
Europe is experiencing a fast-changing residential building stock. This has come about with the
onset of various independent factors, namely the conglomeration of eastern and western building stocks through an enlarged European Union, the introduction of the E.P.B.D. (Energy Performance of Buildings Directive [2002/96/EC]. This had the aim to streamline energy efficiency
across the member states. The EPBD has been refined, going through a recast, now adopted
on18 May 2010 as [2010/31/EC]). Moreover, new and innovative building materials and technologies are coming on the market. These have also proven to be effective in improving energy
efficiency across Europe and worldwide.
External Thermal Insulation Composite Systems, collectively, better known as ETICS, bring
together composite elements, built in layers of different materials, well tested for their performance, as new components in building technology for major refurbishment or partial retrofit of
existing buildings. In consideration of a residential block’s cohesive structural integrity, as well
as the more stringent demands for thermal comfort, energy efficiency and noise control, this
paper presents a holistic yet multi-faceted approach towards optimising the overall performance of the building envelope, primarily through facade cladding systems, today, in line with
latest local legislative requirements in the respective country, modelled on the EU Energy directive, the E.P.B.D. [2002/96/EC & 2010/31/EC].
Over the last three decades we have witnessed various design strategies, aiming to optimise
and update construction technology in line with an energy conscious design approach. These
have produced energy efficient buildings that seriously curtail carbon dioxide emissions. Given
this reassurance, this is perhaps what prompted new legislation in this field in the wake of the
21st century, particularly the landmark EPBD (Energy Performance of Buildings Directive).
There is however an underlying design rationale behind all this.
Although most of the attempts have been focused on energy in use (running) of the building, seldom do we hear about exploratory research on minimising energy consumed in production (embodied energy) of the same building. The underlying emphasis is on re-use and recycling of building materials.
Attempts at producing more energy efficient buildings and to reduce CO 2 emissions have
until now been concentrated primarily on reducing energy consumption for operating the
buildings. Energy consumption for producing building materials is an equally essential part of
the total energy consumption by industry. Even if energy consumption per produced unit panel
(or per sq.m.) is rather small, the large number of units results in a high total energy consumption.
During the period of society’s restrained economic activity, stemming from a financial crisis
(2008-2010), the conservation of energy resources and protection of the environment became
an almost singled out condition without alternatives. On the other side, the construction of resi-
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residential buildings was, is, and probably will be one of the most important challenging tasks
society will ever undertake, through persistent efforts for economic development and social
improvements. Environmental concerns should also be on equal ground. ETICS demonstrate
one way of promoting all three, making use of innovative trends in architectural technology.
5.3.2

BACKGROUND THEORY

There are two principal approaches related to energy consumption in buildings. One inherent
aspect relates to human occupancy, independent of the building’s function. This is known as
the energy in use. There are various theories on how to reduce energy consumption inside a
building, predominantly coveting better use of lighting and space heating and cooling, utilising
internal incidental gains and maximising solar gains in winter yet eliminating these in summer.
Underlying basic principles of building physics govern all such heat transfer mechanisms
within a building, resulting in a simple yet all-inclusive comprehensive equation:
QTOT = Qi + Qs +/- Qc +/- Qv +/- Qm +/- Qe - QL
where,
QTOT = total heat gain or loss within a building in use;
Qi = internal heat gains from occupants, processes, machinery, artificial lighting, and any
other heat generating sources and equipment;
Qs
= solar gains through glass as direct LW radiation;
Qc = conduction of heat through the building elements;
Qv = heat exchange through ventilation;
Qm = mechanical introduction or extraction of heat;
Qe = evaporation or condensation on the surface of the building or on the inside of the
building accompanied by ventilation,
QL = indirect LW (longwave) emission of radiation from the internal surfaces, after
absorption from all other internal gains
In practice all the above parameters can be calculated or measured, however it is very difficult to estimate Qe and QL (evaporative cooling/condensation and LW radiation), although they
are equally relevant when designing building services.
The second aspect towards curbing energy losses is through the building fabric, by way of
deliberate design intent towards an energy-conscious design strategy, ideally at concept stage.
For an existing building offered for refurbishment, the latest building technology is being employed to renovate the external building envelope, particularly in EU member states, where local legislation has been introduced, as a direct implementation of the EPBD, as aforesaid. Architectural science theory, through basic principles of thermodynamics, highlights that an
elemental heat transfer mechanism is described by:
The rate with which heat Q, flows over time t, through a material depends on the material’s
properties, such as density, porosity, conductivity, and its general disposition in the building
envelope. The heat loss/gained therefore depends on its area A, its conductivity k, thickness L,
and the temperature difference between its two surfaces, T. This relation is expressed as:
dQ =
dt

k A dT
L
dt

In practice architects deal with a material of known thickness L, hence it is easier to look at
the U-value of that material [units: W/m2C]. When combining different materials we simply
add the Resistances R (1/U), but not the U-values. This characteristic also determines the rate of
energy (heat) flow through a building element. This is given by:
Q = U A T
This equation describes the general heat flow through any composite building fabric element. This naturally varies according to site microclimate and volume to surface area ratio
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among other factors. Energy-sensitive detailing in construction therefore needs careful consideration at an early design stage.
The calculation of changes in energy use is carried out with the aim of determining the optimum heat transfer resistance of exterior enclosures in dwellings. The changes in energy use of
enclosures in relation to the production of building materials and operating costs of buildings
can be estimated in a holistic manner by means o f a generic equation giving a fairly good estimate of the overall energy consumption:
where,

E = Em + Eoper + Eb
Em - energy consumption in production of a building material and construction

(including energy used for its quarrying, processing, transport, primary fuel, etc.);

Eoper - operational energy consumption, or energy in use

(expenditure of energy on heating, ventilating, air conditioning, dehumidification,
etc.);
Eb - energy consumption during the building process;
(construction work on site (secondary fuel used (electricity, gas) recalculated into
a reference primary fuel, over the construction period of the building);
Energy consumption by producing and using different construction materials Em is determined:
n

E m = ∑ em ∙ A ∙ d
i=1

where,

em - energy consumption for production of particular material,
A - surface area of the wall of particular material, m2
d - thickness of the wall, m
n - number of walls

This background theory in thermodynamics outlines the design rationale behind ETICS,
here considered separately under design rationale, structural support and cladding types.
5.3.3

STRUCTURAL SUPPORT

Façade wall cladding systems are exposed to multiple stresses. According to their basic functions, they have to provide a weather resistant shell to the building, since they are more commonly, being applied to an existing building envelope. This task requires particularly prudent
designing, a systematic check-up and maintenance, as well as an appropriate, periodical renewal, including due attention to the frequently extreme climatic conditions the building is exposed to. The renewal of a façade usually does not require a large quantity of high specification material per unit surface area, or, its percentage by volume in proportion to the demolition
waste of the building, or the erection of a new structure. However the consequences this imposes on the structural integrity have to be analyzed, particularly due to the complexity of
stresses affecting the typically older building structure. Typical clip-on mechanisms include,
suspension, cantilevering or simply supported or having an independent structural support
from the existing building. The materials and structures suitable to take multiple stresses
prompt many questions demanding answers, requiring a careful review.
The façade wall cladding follows the logic of a design adjusted to the background structure,
modifying, completing its characteristics, increasing its capacity, and offering the possibility of
its repair, maintenance, renewal, modification or even a full-scale transformation, to be performed any time without disturbing the basic task of the façade structure, i.e. the space delimitation. A full-scale transformation is most frequently required in case of changing requirements
in favour of cladding. This becomes justified by the required reduction of thermal losses of
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the heating system, and is needed in certain cases by changes taking place in the environment
of the building or in the function of the building itself.
Material and quality of the façade wall cladding applied is in close relationship with the material and construction of the background structure, and with the layer structure of the entire
wall itself. The applied cladding to the façade, at least its type of support and aesthetics, is
mostly characteristic for the particular function of the building.
5.3.4

FAÇADE WALL CLADDING TYPES

The walls of the façade are typically constructed in single or double shells. Those built with
one shell can be homogenous in masonry, multi layer walls, or walls having thermo-isolated
cores, while the double skin type wall structures are typically designed with ventilated air layers
(figure 1).
5.3.4.1 Solid walls
The homogenous walls are in masonry mostly consisting of traditional or modern ‘walling’
blocks, generally coated with a traditional silicon plaster-work. The actual heat engineering requirements cannot be met by the walls made of traditional ‘walling’ blocks at all, but also by
the walls constructed with the use of so called modern walling blocks only partially. Such wall
structures – according to the requirements set to the heat insulation depend on the building
function and the nature of use. These must be renewed, their structures completed, and additionally heat insulated below the new coating.
5.3.4.2 Layered walls
The layered walls are frequently wall structures coated with some kind of plaster-work applied
directly on the external, heat insulating layer of the masonry. In the case of such structures, the
adhesion to the plaster-work is a basic requirement put to good use towards any heat insulating
layer present. As a matter of fact, the coatings applied to both solid and layered walls can be
regarded more as a surface finish, rather than a cladding systems, or ETICS. Such applied surface coatings to established wall structures must, almost certainly, be renewed regularly as part
of an overall maintenance schedule.
5.3.4.3 Core-insulated walls
The technical capacity of a wall structure changes significantly if a thick coating or even a full
scale external wall structure is added, instead of the surface finish of a multi layer wall. The external wall playing the role of the real coating is a shell applied on the mostly load bearing masonry. A monolithic reinforced concrete wall, designed with a sandwich structure, a reinforced
concrete panel wall, or even a multi layer wall provided with a brick coating can be regarded to
be such a wall structure. The materials and structures applied in the individual wall structures
are characterized by basically differing parameters, or have to meet various requirements, i.e.
they are not interchangeable.
5.3.4.4 Ventilated walls/claddings
The external skin of double skin walls built with an aerated coating can be regarded in the widest sense as façade wall claddings. This external shell can consist of a thin, small or large sized
slab mounted to a frame structure and requiring stiffening or support, or even a thick (reinforced concrete) panel. Depending on the material, dimensions, method of support of the coating material, as well as on the thickness and material quality of the heat insulation or the air gap
situated behind it, etc., the possibility and capacity of renewal, as well as the environmental
impact of the coating can vary significantly.
Layered walls and ventilated wall cladding systems are also typically coated in some way;
therefore these also require a degree of maintenance. Such ETICS can be the infill walls of a
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masonry frame structure with load bearing function, or also multi layer type, as assembled drywalls. This fact basically influences the physical functioning of the entire wall structure, thus
determining the material quality of the layer structure and the individual layers to be applied.
These should retroact and form an essential part in the design process of the structure. It is a
good start to sufficiently identify two important aspects, namely, thermally: the material stresses
ensuing from the complementary heat exchanges the insulation is exposed to, and structurally:
the ETICS execution possibilities of the fastening of façade wall claddings, more specifically
the structural deadload imposed on the structure.
5.3.5

MOTIVATION FOR FACADE RENOVATION: THE EPBD & BEYOND

The underlying motivation behind facade renovation falls under three broad categories,
namely:
(i)
Environmental concern: improved thermal performance of the building fabric,
thus reducing space heating and in turn greenhouse gases;
(ii)
Social considerations: aesthetic appeal of building facades, particularly in dilapidated social housing estates. There is also a political conscience to uplift the community’s self esteem through an improved streetscape quality, supporting social
cohesion of common goals;
(iii)
Economic motivation: cost-saving benefits stemming from reduced cost of heating/cooling apartments. There is also an upcoming market for renovating, thus
companies are striving for a fair economic return on the production of ETICS;
standardisation processes for producing ETICS also make it more economically viable, as well as facilitating stricter quality control.
These are three distinct areas which would need much elaboration; however that is beyond
the scope of this paper. The principal common motivation for the three countries is the current
EU legislation, the EPBD, which obliges improvements for energy performance in buildings,
particularly in dwellings. Considering the fact that the EPBD was initially launched in 2002, and
that the three countries under the lens joined the last major EU enlargement in May 2004, great
strides have already been achieved in two years.
An overview is now undertaken separately on how the latest EU directive has influenced local legislation in each of the three representative countries, Lithuania, Hungary & Malta.
5.3.5.1 EPBD Implementation in Lithuania.
The responsibility of the implementation of the EPBD in Lithuania is divided between the Ministry of Environment and the Ministry of Economy. The main provisions on the energy performance of buildings and the certification of the energy performance of buildings are described in ‘The Law Amending the Law on Construction no. X-404’, adopted on 17 November,
2005 by the Parliament of the Lithuania Republic. The Lithuanian calculation procedure is described in Building Technical Regulation STR 2.01.09:2005 “Energy Performance of Buildings;
Certification of Energy Performance of Buildings”, adopted on 20 December, 2005 by the Order of the Ministry of Environment.
5.3.5.2 EPBD Implementation in Hungary.
The implementation of the EPBD (Energy Performance of Buildings Directive) in Hungary was
the responsibility of the State Office of Housing and Building (Articles 3, 4, 5, 6, 7) and the
Ministry of Economy and Transport (Articles 8 and 9).
To date, the national regulation, relating Articles 3, 4, 5 and 6 has been issued in May 2006
(Ministerial Order TNM 7/2006). The rules became effective from 1 September 2006; from this
date the fulfilment of the new requirements is the precondition of a building permit, including
new buildings as well, as major renovation of buildings beyond 1,000 m2 floor area.
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Regarding Articles 8 and 9 the Ministry of Economy and Transport is still collecting the proposals of professional bodies. The text of the national regulation relating Article 8 has been
published in 2005. After having long discussions between different professional bodies it has
been approved, nevertheless it is not yet issued as a ministerial order. This is because there is
still an ongoing discussion, whether the issue of certification could be a precondition for registration of real estate ownership. The calculation procedures (Art. 3) have been adopted and the
relative national regulation is in force.
5.3.5.3 EPBD Implementation in Malta.
Malta adopted measures to implement the Directive into national law in November 2006 when
the Government issued the minimum requirements for the energy performance of buildings.
These requirements constituted the first step in the transposition of the EPBD into national law.
A draft legal notice for the transposition of the whole Directive has been prepared and is being
discussed by Government entities and professional bodies affected or involved in the implementation and enforcement of the regulations. All consultations including those with the public
were completed by the end of June 2008. The draft legislation was approved by Parliament in
November 2008, as Legal Notice, LN 238/08. Entry into force of the provisions only came into
effect from 2nd January 2009.
The MRA (Mata Resources Authority) the national entity responsible for all of Malta’s resources, was set up under an act of Parliament (CAP.423), under which the Minister responsible for Resources & Infrastructure, in October 2006, issued a Legal Notice (LN 238/06), entitled “Minimum Requirements for the Energy Performance of Buildings, 2006”. Such
regulations specify that all new and existing buildings that undergo a major refurbishment, and
whose planning application was received by the MEPA (Malta Environment & Planning Authority) by 02 January 2007, had to comply with these regulations.
5.3.6

MOTIVATION FOR FAÇADE REFURBISMENT

This section highlights the motivation for a facade retrofit, typically as part of an overall refurbishment of a building. It specifically highlights the thermal aspects only, in the context of the
EPBD, as outlined above. Such a motivation is tackled for north, central and southern Europe,
here represented once more by Lithuania, Hungary and Malta respectively.
5.3.6.1 Lithuania
5.3.6.1.1 The Building Stock
The total building stock in Lithuania occupies about 73.2 million sq.m. The walls of buildings
in Lithuania are made of masonry (bricks, blocks, stones …) or concrete (cast on site or as prefabricated panels). It is clear that nearly a half of all heating losses are caused by low quality
walls. The additional insulation of the existing buildings is one of the most important tasks in
the field of energy conservation for the Lithuanian economic policy. Therefore careful and
professional selection of an optimal building thermal insulation system represents one of the
most important technical and economical goals.
In the last decade the application of ETICS became a popular measure to improve the energy
performance and the weather resistance of façades in the building stock in Lithuania. Building
refurbishment costs much less than demolition and reconstruction plus protecting the architectural heritage. Building refurbishment with thermal insulation facade systems provides the main
thermal protection of the building envelope, given the fact that this is the major thermal barrier
to the environment. The building envelope has to provide the requirements of static support
and stability, thermal insulation, noise, moisture and fire protection, protection and ultimately
weather protection.
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5.3.6.1.2 Requirements for New Buildings
The energy performance class for new buildings must be not less than grade ‘C’. This requirement is valid for all new buildings, for which the set of the design terms (references) was issued before the Regulation came into force. These requirements came into force on 4 January,
2006. Certification requirements for new buildings came into force from 1 January, 2007.
5.3.6.1.3 Requirements for Existing Buildings
The energy performance class for large buildings with a heated area of more than 1,000 m² after major renovation must not be less than grade ‘D’. This requirement is valid for all buildings
after major renovation, for which the completion of the design terms was issued after the
Regulation came into force. The requirements for energy performance class are not obligatory
for buildings for sale or rent, but an evaluation procedure became mandatory from 1 January
2009. These requirements came into force on 4 January, 2006. Certification requirements for
existing and refurbished existing buildings came into force with effect from 01 January, 2009.
5.3.6.1.4 Certification of Buildings
Certification requirements for new buildings came into force from 1st January, 2007. Certification requirements for existing and refurbished existing buildings came into force from 1 January, 2009. The first certificate of the energy performance of building was issued on 10 January,
2007. The qualifications required from experts are: an engineering diploma with experience, of
at least three years in the construction industry, special training courses and required certification practice of three buildings.
5.3.6.2 Hungary
The “motives” of a renewal of building façade can be summarized in most cases as follows:
(i) the coating of the façade became aesthetically and morally obsolete,
(ii) it is justified to limit the thermal loss of the façade (or the entire building),
(iii) the existing façade wall claddings became old, technically obsolete, or have been mechanically damaged.
It is presumable in the first case (i) that it is only necessary to replace the actual façade wall
cladding, or the external shell protecting it against adverse climatic conditions. In the case of
department stores or other buildings having more of a commercial functions, the frequent
changes taking place in their appearance may be important, as they attract attention. The limited
life of bodywork like, cheap industrial buildings, a change in the building function or in the
image of the company may also justify a change of the cladding, a process not always triggering the replacement of the entire cladding system.
In the second case, the decision concerning renewal is determined by the intention of reducing the operation costs of the building. The lower the cost of the façade cladding (ETICS), the
more does this intention prevail. Considering the fact that the operation costs resulting from
thermal losses increase steeply and also that the related specifications regulating heat insulation
became significantly stringent in recent years, a renewal of the façade cannot be performed
without taking the above aspects into consideration. According to the same line of thought, the
above aspects are also valid for case (iii).
5.3.6.3 Malta
With the underlying motivation for complying with the EPBD, a technical guidance document
was issued to guide architects & engineers in this direction. This is entitled “Conservation of
Fuel, Energy and Natural resources (minimum requirements on the energy performance of
buildings regulations, 2006). It is deemed to be the instrument that provides the professional
with the parameters and provisions for compliance to the local legislation.
In the ambit of the EPBD, the said document prescribes minimum standards as mandatory,
essentially comprising:
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(i) Thermal conductivity (U-values) for the building fabric (limitations to areas of glazing
for curtailing heat losses/solar gains);
(ii) Insulation & levels of control for environmental systems, such as heating & airconditioning;
(iii) Controls of artificial lighting systems;
(iv) Conservation and re-use of rainwater.
Professionals in the building industry are being encouraged to undertake training in using
the national calculation tool, namely the EPRDM (Energy Performance Rating for Dwellings in
Malta). This software was locally designed in conformity with the EPBD requirements. Its ultimate aim is to serve as a tool for professionals (assessors) to issue the EPC (Energy Performance Certificate) for buildings at design stage. At a later stage the buildings will need to be audited when commissioned and fully operational. The overall auditing will also include energy
demand in use, such as boilers, air conditioning and other energy systems. Quality controls on
such certification will be carried out by independent MRA officials. The EPC will be lodged at
the MRA for reference by prospective buyers and tenants of such new and refurbished buildings. This became officially mandatory on 02 January 2009, but has not yet been implemented
let alone enforced to date (31 October 2010).
5.3.7

RETROFIT METHODOLODGY: CASE STUDIES

5.3.7.1 Lithuania: Case Study – Housing Block in Vilnius
A large housing located at Zirmunu Str. 3 in Vilnius, built in 1965 on the basis of a standard
project I-464A prepared during Soviet times by Lithuanian Urban Construction Design Institute. It is a 5-floor ‘house’ (block) with 60 apartments; it has been in operation for 40 years already. Theoretical period of operation of such houses amounts from 100 to 125 years.
Renovation purposes:
- Improve the living environment and comfort of the dwelling (apartments);
- Refresh the aesthetic view of the house and its environment;
- Reduce loss of heat through external walls, windows, roof and increase heating efficiency;
- Reduce the absorption of moisture into external walls and prevent weathering of facades;
- Extend the duration of operation of the house and increase its market value;
- Provide suggestions for improvement of renovation of other large block construction
houses after summarizing the renovation results.
The major works were carried out from June 2005 to July 2006. The progress of the works
was complicated by the fact that the dwellers of the house were not moved out during renovation; therefore, difficulties have been experienced as to the coordination of time necessary for
entering the apartments. Figures 5.3.1 and 5.3.2 illustrate the ‘before’ and ‘after’ appearance.
In order to summarize the model project implementation results it can be stated that all objectives envisaged for renovation have been achieved in substance, and the residents of the
apartments received housing accommodation of a completely fresh quality and comfort without having to change their ordinary place of living.
Research has shown that after renovation the temperature in all dwelling premises of the
large block construction house complied with the comfort zone stipulated in the sanitary standards HN 42:2004 during the cold season. The air temperature in the dwelling increased from
1,1 to 5,7 °C after renovation. The difference between the air temperature of the premises examined after renovation and the exterior surface temperature of their wall surface increased by
2 °C, and during the measurement period it complied with the comfort zone stipulated in the
hygiene standard HN 42:2004. Relative humidity (air moisture) of the apartments examined after renovation of the entire block was reduced between 07% to 22,3 %. Residents that experience a sufficiently high air temperature in the premises could aerate their premises and maintain their normal relative air moisture and carbon dioxide (CO 2) concentration.
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Figure 5.3.1.

Before and After renovation

Figure 5.3.2.

In spite of the fact that external thermal insulation composite systems (ETICS) are well
known and applied for decades, there is still a lack of understanding of the reasons and mechanisms of different cases of failure.

5.3.7.2 Hungary: Generic Case Study
In case of solid, homogeneous walls, a possibly necessary removal of the coating (plaster-work)
may produce a waste of low specific weight (0.02 m3/m2), however the mechanical procedure to
be applied is linked with a significant dust development. On the other hand, the waste produced
can be recycled.
A renewal of the cladding of layered walls in accordance with an unchanged technical content still produces a low quantity of wastes, due to the thin plaster-work layers generally applied
on the heat insulating basis surface, although their recycling is in most cases not resolved. The
widely used thin plaster-works are generally not advantageous from the point of view of environmental load.
The external skin of walls constructed with a “heart-insulated method”, in most cases consist of a brick coating or stone coating, or the entire wall structure can be constructed as a
monolithic or precast reinforced structure. The coating layer of such walls is always a structure
of large mass and high thickness that warms up slowly and cools down also slowly, i.e. it has a
calculable heat storage capacity. The wall structure is consequently built with durable, weather
resistant, valuable coatings characterized by a long renewal cycle period. A renewal of the wall
coating to exclusively architectural, image purposes is not typical, and can be regarded as an
individual case.
The questions arising at the renewal of the wall coating can be analyzed for each coating
type. A renewal of brick coatings may be made necessary by contamination of the coating, deterioration of certain coating elements and falling out of particles from the jointing. Resulting
from the value and character of the coating, its full scale replacement generally does not take
place. Its cleaning takes place with a high pressure water jet containing detergents added, or
with a sand or grain blasting technology, depending on the extent of contamination and on the
quality, surface hardness and character of the coating. The recuperation of a possibly necessary
detergent is complicated, thus representing an additional impact on the environment. Its selection should take place very carefully. With the application of the appropriate equipment, the
sand or grain blasting produces a recyclable waste, however dust development is inevitable and
it can be hardly localized. The replacement of individual damaged, frozen bricks is possible,
and also the joints can be renewed, following a scratching out of the joints, a very labour intensive way.
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Figure 5.3.3.
Figure 5.3.4..
Examples of individual panel cladding instead of whole facade ETICS

Whole wall cladding retrofit using ETICS is not typical in Hungary, nevertheless since the
heat insulation properties of the background masonry are still short of the EPBD requirements,
retrofitting takes place by means of individual small scale cladding panels. This ensures respect
for any existing architecturally valuable features or those which already possess good quality
technical detailing. Figures 5.3.3, 5.3.4 illustrate two options.
In the renewal of masonry stone cladding, the methods described concerning renewal of
brick layers can be similarly applied, with respect to the differing material quality of the cladding.
The renewal of the surface formation of walls constructed with thermo isolated cores and
provided with concrete or artificial stone coating is similar to the renewal of multi layer walls
provided with a thin plaster-work coating. Its surface cleaning requires a sand or grain blasting
technology only in a heavily air contaminated environment, or after the expiration of a long period of life.
According to the above, aerated coatings can be executed with both heavy and light coatings.
Due to the increase experienced in the operation costs of the building, the execution of a renewal of the coating is in such cases exclusively justified if it is coupled with a completion of
the heat insulation of the façade. The existing coating of the building shall in each case be removed and subsequently replaced with a new or renewed coating, according to architectural or
many other considerations.
Based on the new specifications, the value of the required heat insulation related to façade
walls amounts in Hungary to U=0,45 W/m2K, and – according to the tendencies experienced in
recent years – it is a real possibility that this value would become significantly more stringent
within the expected lifetime of the new cladding. The currently prevailing specified value requires - depending on the quality of the filling in wall – the building up of a heat insulating
layer with a thickness of 4-8 cm. This thickness amounts in case of earlier masonry built with
walling blocks to 4 cm, and in case of concrete walls to be at least 8 cm.
The removal of the existing heat insulating layer is also justified. On one hand, the technical
capacity of current heat insulating materials has improved considerably over that of materials
built circa 10-30 years ago. These have suffered a significant ageing in the meantime. Mechanical damage that is inevitable during replacement of the cladding cannot always be corrected either.
The heat insulating material placed into the aerated air layer is exposed to a critical stress also
from the fire protection point of view. Due to the crumbling of fibrous heat insulating materials
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to be removed, the demolition of coating itself may cause a significant environmental load and
require the use of protective equipment. A large part of the material removed is recyclable,
however it contains hazardous substances as phenol, formaldehyde resins, etc. The removal of
heat insulating plastic foams applied on the façade surfaces in the form of boards does not
cause a harmful environmental load, and 70-75 % of the material can usually be recycled.
The actually used fibrous heat insulating materials manufactured with the application of
technologies using formaldehyde free bonding materials (e.g. ECOSE), contain easily recyclable materials, instead of mineral oil based materials of the chemical industry. They are formaldehyde free and do not contain any phenol, acryl, artificial colouring substances, or starch.
Their minimally necessary layer thickness depends on the quality of the background structure,
and their ideal thickness can be defined according to the expected life and cycle period of renewal of the coating to be applied on them, as well as depending on the results of the relative
calculations of profitability.
An improvement of the heat insulation parameters of the façade wall claddings is uneconomical without the replacement of the façade windows. An important question arising in this
respect is whether the window rebates can be placed into the plane of the heat insulation, instead of the original plane of the windows. Otherwise, the expected layer thickness cannot be
achieved at the ‘folding-in’ type. Heat insulation of the window rebates or a heightening of the
reveal becomes necessary, but that reduces the size of the illuminating glass surface.
It is possible to mount a light or heavy coating before the aerated air gap. The most frequently used light coatings are coatings made with the use of various kinds of sheet metal
(aluminium, titan zinc, copper, steel), as well as coatings consisting of wood, special construction plates, fibrous cement plates, or ceramics. They can be fastened to any type of background
wall by means of spot fastening, a technology requiring the construction of a self supporting
frame to hold the coating. Both the fastening elements and the frame construction should be
manufactured of anti-corrosive steel or aluminium alloy, providing for their corrosion resistance and recyclability. The various surface treated metal sheet coatings can be fully recycled.
Their recyclability is reduced to a lower or higher extent by the execution and coating of the
surfaces, in accordance with the characteristics of the product applied. The façade wall claddings made of wood, ceramics or various construction plates are recyclable or consist of basic
recycled materials.
With the exception of flagstone cladding, the heavy slabs cannot be fastened directly to the
background walls; they can instead be suspended from the ceiling structures, frame structures
of the building, or supported by them combined. All of the cladding made of stone or brick
can be recycled without exception. The large boards of storey high crust panels made of reinforced concrete can be processed during the time of their recycling under advantageous working conditions, resulting from their homogeneous structure and from the easiness of their handling.
5.3.7.3 MALTA: Case Study
General
Malta is one of the warmest member states, lying on the southern fringe of Europe. In spite of
its mild winters requiring only minimal heating, often intermittently over a three month period,
humidity levels are persistently high, practically all year round. This is attributed to the fact that
Malta is an Island with a typical Mediterranean marine climate. Conversely, our summers are
very hot and humid, sprawling into spring and autumn when temperatures are often uncomfortably warm too. Therefore in terms of building energy design, Malta in reality has two seasons, a hot summer and a mild winter. It is for this reason that architects and building services
engineers are more concerned with keeping buildings cool and dry rather than continuously
warm.
In any retrofit of the facade or a major refurbishment of a building in Malta, the functional
performance has at least three different basic aspects, which are often taken for granted. These
provide:
a) structural stability of the building;
b) shelter (thermal comfort - exclusion of adverse weather conditions);
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c) energy efficiency without compromising thermal comfort.
Achieving all this in a balanced cost-effective manner is far from easy. Distinction however
needs to be made between environmental benefits versus cost-cutting measures.
Mizzi House, Blata l-Bajda, Malta
This building, originally built in the late 1960s was designed as a six storey residential block of
flats over a showroom at an elevated ground floor level. In the 1990s the need for a facade refurbishment was implemented. However this was predominantly more due to the traffic noise
nuisance generated from the arterial road leading to Valletta, rather than as a thermal environmental barrier.
Instead of applying a new lightweight cladding system affixed to the old facade, a completely new facade was designed as an independent structure, self-supported from the ground,
leaving the old one practically untouched. This rendered it to be a heavy-weight structure, clad
in a seamless marble to glass jointing. Windows installed are all double-glazed and tinted for
both noise and solar protection respectively. Thermal performance is now considered as a bonus, as owners were oblivious to the imminent release of the EPBD in 2002.
There was one principal constraint to this refurbishment: cladding an existing masonry facade proved difficult due to safe load limits for cantilevering off the structural masonry, an already limited load-bearing structure in its own right, supporting five floors.
The small openings were also a limiting constraint. The new design contemplated larger
openings in view of the fact that with a change of use from residential to a predominantly office building, larger openings were expected for improved natural light and a view over the
harbour area. This was not possible hence a compliant cladding system was abandoned.
In this light, the new facade was designed with a homogenous frameless flat glass surface
(for ease of cleaning) with an acceptable windows mismatch, rather than trying to match the
old small single glazed windows. An intermediate terrace space was created giving access to
cleaners and users alike. Figures 5.3.5, 5.3.6 refer.

Figure 5.3.5.
Figure 5.3.6.
Mizzi House – Facade retrofit as a double facade

This building also faces east, lying on an east-west axis, thus having its north and south
longer sides exposed to the north and south orientation. Both sides are well exposed as they are
adjacent to lower third party property. Thus the building suffers heat losses in winter, also on
the predominant N to NW windward side, while accumulating solar gains in summer where its
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blank south wall has no overshading. No considerations for cladding the south and north walls
was made for legal reasons: it is not permissible to physically encroach third party property
lines.
Natural light penetration is fairly difficult. Apart from the double facade, now with tinted
glass, it is also a deep building with an elongated aspect ratio (low facade to depth ratio). Although the facade was meticulously sealed, for noise reduction purposes, it also hinders natural
ventilation, albeit from a busy polluted street – hence it has to rely on artificial lighting and air
conditioning. Hence this retrofit example proved to be less successful than anticipated for
thermal purposes, however users claimed the new facade fulfilled its purpose, namely that of
curtailing noise and air pollution.
Housing Developments: External Thermal Insulation Composite Systems
The external skins of residential buildings in Malta are predominantly characterised by masonry
concrete block or stone block double skin walls. In some cases, single skin concrete block
walls are also present.
External Thermal Insulation Composite Systems have been applied during the past few
years, to specific residential dwellings, constructed during the past 20 years in Malta. The aim
of these interventions was to attempt to improve the thermal performance of the buildings by
using external thermal insulation composite systems for the facade. The systems used included
the installation of insulation boards to the masonry façade using adhesives, dowels or mechanical fixtures, the application of the reinforcement, and the application of the finishing plaster, to the required surface finish. The system has been applied to single residential units and
also apartment blocks. Expanded Polystyrene insulation boards (40mm thick) have been used
in these interventions. The finishing coatings varied from one application to the other.
In general the system can be applied to existing buildings and also new buildings. It can be
applied effectively to masonry blockwork or stone walls, typical of residential housing in
Malta. The system was applied to existing buildings, in particular to the external skin of single
concrete blockwork walls (230mm thick walls), and also to the external skin of double skin
masonry stone cavity walls. In general various systems include profiles and accessories for architectural detailing on facades. In general accessories are available for a comprehensive solution at the points of detail. The system allows for the application of the required surface finish
to walls, through the application of the plaster finishing, in line with the architectural requirements. Through the application of ETICS, the external appearance of the buildings and architectural detail were altered, and in particular, the stone finish was no longer visible.
The system is easy to install, and it is relatively economical. The external thermal insulation
composite system performs satisfactorily with respect to the impact resistance. The crack resistance is considered to be high. The systems applied, have a high resistance to mechanical
stress. It is effective as a thermal insulation, and for weather resistance. Some systems are reported to be permeable to CO2 and water vapour, and are of limited combustibility. Coatings
can also be applied to improve the resistance to micro-organisms (algae and fungus)
Housing Developments: Additional observations
In specific cases the tenants and owners attempt to solve problems of solar gains in summer
and excessive drafts in winter by enclosing terraces. If large enough this would eventually be
used as an additional room, particularly if space standards verge on the minimum social housing standards. Although this is not permitted by local planning legislation, it is hardly enforced
(unless third parties report the infringement to the MEPA). This often raises the alarm for the
whole blocks to be scrutinised, with a view to maintaining an overall uniform whole streetscape facade for more unified homogeneous aesthetics. A few examples around Malta in Blata
l-Bajda and Hamrun illustrate such enclosures. Aluminium enclosed balconies typically serve
as extended conservatories or simply for drying clothes. Figures 5.3.7, 5.3.8 refer.
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Figure 5.3.7..
Figure 5.3.8..
Social Housing in Blata l-Bajda, Hamrun: aluminium enclosed balconies

5.3.8

CONCLUSIONS

After a close comparison across the three representative countries it can be deducted that ETICS are better established and predominantly used in Lithuania. In Hungary, although these are
still used regularly, there is notably a dominant use of a technical fix solution by applying cladding panels or adopting the use of new insulated infill masonry panels as opposed to intact
‘clip-on’ ETICS. In Hungary there is clearly a more cautious approach as to what material goes
into the ETICS panel, particularly in terms of health standards (deterring use of formaldehyde,
and other obnoxious materials). Fixing glues and the potential for end of life recycling is also
taken into consideration, while in Lithuania such an approach is not so evident yet.
However in both countries this proved to be a bold step in the right direction as they went
beyond the thermal performance of their existing social housing building stock: ETICS also
improve the holistic aesthetic quality of a development, as well as upgrading the self-esteem of
the citizens and promoting greater social cohesion. Thermal performance values have therefore
improved considerably in the north and central European member states, Lithuania and Hungary.
On the other hand, in Malta, with a typical Mediterranean marine climate, ETICS have been
applied only in specific case studies. A serious consideration for its effective application needs
to be given especially in view of the fact that the Island has a predominantly hot and humid
climate. This implies that with such a heavily insulated external skin (ETICS) to the conventional building fabric, the internal heat gains in summer would invariably be trapped indoors.
This further heats up the typically massive walls, releasing it only inwards at night, rendering
the building (particularly residences) uncomfortably warm at night, even in spring and autumn.
Moreover, in view of the high Relative Humidity values all year round, indoor vapour
would equally be retained by the super insulated ETICS. In spite of the absence of snow or
frost-heave, any poor detailing or bad workmanship around windows would result in water
penetration between the cladding (ETICS) and the porous local masonry, thus aggravating the
problem further.
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Hence ETICS for Malta is perhaps not the ideal retrofit solution, especially if the existing
heavyweight structure is retained. At least the solution has not been tested long enough, where
used. It is also not so ideal for historic buildings or character dwellings, (with which Malta is
well adorned with), since such external cladding, covers also the architectural quality.
It is only with the upcoming high-rise developments that it starts to make economic sense as
the cost of labour-intensive construction increases dramatically, as well as the severe exposure
at such a high altitude. It is only then that for new build, ETICS begins to be a truly costeffective, energy-efficient, sustainable solution.
5.3.9

OVERVIEW

In view of the diffusion of Western construction technology into Eastern European markets,
Europe has witnessed a rapid penetration of high-quality yet relatively cheap mass-produced
construction materials entering the former eastern market. On the other hand relatively cheaper
materials are coming on stream, even if of a lower quality and uncertified, these are still making an impact, instilling a degree of competition in the now open-market on a level playing
field. But will the competition be based simply on price or quality, accompanied by ‘ecoauditing’?
Such a competitive edge will invariably remain constantly on the increase, especially with
export/import duty being repealed in the new member states joining the European Union. However, with an ever-increasing environmental awareness, even beyond the EPBD, with the onset
of the ‘polluter pays’ principle, all enterprises producing ETICS & contractors repealing old facades or associated third parties polluting the environment through waste disposal, will have to
constantly pay rising (or new) carbon taxes, prudently called an ‘eco-contribution’.
This could severe further production of innovative, possibly cheaper products penetrating
the market. Such an eco-tax, although with good intentions, could actually increase the payback period of a refurbishment, possibly rendering it ‘not worthy’ of its original motive: that of
a retrofit for an energy-saving cost benefit for the citizens and ultimately, the protection of the
environment.
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5.4.1

INTRODUCTION

Concrete mix is a complex multicomponent polydisperse system obtained by mixing a mix of
concrete and aggregates with water. This system contains fine and coarser cement particles,
fine and coarse aggregate grains, in some cases – certain additives, and entrained air. The properties of cement composites place them in between adhesive liquids and solid bodies. The properties of concrete composites depend on their structure and properties of their components.
Huge amounts of used and non – biodegradable rubber tyres are accumulated in the world
every year. About 275 million of waste tyres are accumulated in he United States of America
and about 180 million in the European Union. According to Lithuanian Department of Statistics, during 2000 year in Lithuania were about 10000 tonnes of waste tires (500 000 waste
tires), on assumption that quantity of tires produced per year is the difference of tires import
and export. According to the National Waste Accounting, in 2000 year in Lithuania has been
collected and delivered for recycling about 2984 tonnes of waste tires. Lithuanian Ministry of
Economy carried out the study “Priorities and measures of recycling development for 20092013 years”. This study has shown that recycling of waste tires started only in 2004 year. In
2004 year mechanically was recycled 1200 t, in 2007 – about 11000 waste tires. Currently, the
waste tires into rubber particles (0/1, 1/2 and 2/3 fractions) by the destructive processes recycles only one production line. In 2007 year this company started specializing in new field of
crumb rubber use – production of rubber tiles, by using polymer binders.
Subsequent handling of waste tyres is problematic all over the world. One of the most popular ways of waste tyre handling is the accumulation of used tyres in landfills. Low density and
poor biodegradation of rubber tyres makes their piling in landfills inappropriate. Bigger
amounts of rubber waste can be utilized as industrial fuel.
Recently the researches are showing increased interest in the reuse of crumb rubber in concrete applications. Crumb rubber may be used in manufacturing of concrete structures for special applications. Department of Construction Materials of Kaunas University of Technologies
has been involved in the research in the reuse of crumb rubber since 1999.
Using rubber waste in concrete, less concrete module of elasticity is obtained. Therefore
modulus of elasticity is related to concrete compressive strength and the elastic properties if
aggregates have substantial effect on the modulus of elasticity of concrete. The larger amount
of rubber additives is added to concrete, the less modulus of elasticity is obtained.
The aim of investigation was to study the deformation properties of Portland cement concrete
with rubber waste additive. Concrete mixtures with the same compressive strength as concrete
without this additive were tested. Used tires rubber wastes were crumbed into fraction 0/1. The
rubber additive was used as fine aggregate replacement in concrete mixtures by 3.2 % of aggregates mass. The effect of rubber waste additive on technological properties, air content in fresh
concrete, density and deformation properties under the static and dynamic load of concrete was
investigated.
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5.4.2

MATERIALS AND METHODS

Concrete mixtures with and without rubber wastes with the same compressive strength were
prepared in this work. W/C ratio to get similar compressive strength for the concrete with rubber waste compare with concrete without rubber waste calculated: 0,55 – for the concrete without rubber; 0,45 – for the concrete with 0/1 fraction tyres rubber waste.
Portland cement CEM I 42,5R was used for investigation. Water content for normal consistency cement slurry 24,5 percent.
The fine aggregate was used sand fr. 0,4. Part of sand was replaced by rubber waste from
used tires. The coarse aggregate content in all concrete mixtures was the same – 995 kg for the
one cubic meter of concrete. Plasticizing admixture based on policarboxile polymers was used
with density of solution 1040 kg/m3. In all mixtures content of plasticizing admixture was the
same – 0.6 percent from cement content.
Mechanically crumbed rubber waste from used tires was used. Rubber waste was classificated to fraction 0/1. The density of crushed rubber waste particles is 1020 kg/m3, bulk density
– 483 kg/m3.
Dry aggregates were used for the concrete mixtures under research. Cement and aggregates
were batched by weight while water and chemical mixtures were batched by volume. Chemical
admixtures in the form of solutions were mixed with water used in preparation of concrete mixtures. Concrete mixtures were mixed for 3 minutes in the laboratory in a forced type concrete
mixer. The consistency, density and air entraining of concrete mixture were determined by EN
12350-2, 12350-6 and 12350-7. Concrete specimens – prisms (100 × 100 × 300) mm were
cured in conditions according EN 12390-2 and tested after 28 days. Density of concrete was determined by EN 12390-7, compressive strength – by EN 12390-3. Static modulus of elasticity
was determinate according ISO 6784.
Concrete prisms (100 × 100 × 300) mm were loaded by cyclic stress in testing machine. Specimens were loaded with compressive strain by 1 N/mm2 speed. All specimens were loaded
with the same number of cycles – 20. For all specimens bottom limit of cycles was the same – 5
kN. The force in bottom limit of loading was held 10 seconds. Top limit of loading was selected
70 percents, 80 percents and 90 percents of the specimens prismatic strength. The force in top
limit of loading was held 20 seconds. After the cycles the specimens were loaded until failure.
5.4.3

RESULTS

In order to examine the effect of crumbed rubber waste, the damper additive of concrete, on the
characteristics of concrete mixture and elastic properties of concrete, two concrete mixtures
tested: concrete mixture without rubber additive and concrete with 0/1 fr. rubber additives. 3.2
percent from the aggregate of rubber waste was used in concrete mixture (Table 5.4.1).
Table 5.4.1 Proportions of concrete mixtures
Rubber waste
fraction

0/1
-

Rubber
waste,
kg
23.13
-

Materials content for 1 m3 of concrete mixture
Cement,
Crushed
Sand 0/4,
Superplastycizer,
kg
gravel 4/16,
kg
%
kg
404
995
723
1.98
330
995
891
1.98

Water,
l
182
182

The slump, density and entrained air content was obtained in this study. It was determined
that 0/1 fr. rubber additives 3.2 percent from aggregate effects the properties of concrete mixtures. Properties of the mixtures are shown in Table 5.4.2.
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Table 5.4.2 Properties of concrete mixtures and hardened concrete.
Concrete
properties
With rubber
additive
Without
rubber additive

Modulus of elasticity, GPa
dystatic
namic

Concrete
mixture
slump, cm

Air entrainment,
%

Concrete
mixture
density,
kg/m3

Prismatic
compressive
strength,
MPa

Density,
kg/m3

19

3.6

2380

43.84

2342

29.58

37.04

19

3.0

2396

44.49

2362

33.17

37.98

It was obtained that rubber waste additive has no influence on the slum of concrete mixture
(Table 5.4.2), while the results showed that density of concrete mixture decreased (from 2396
kg/m3 to 2380 kg/m3) when using elastic additive from tires rubber waste (Table 5.4.2). Entrained air content increased (from 3 % to 3.5 %) in concrete mixtures with addition of tires
rubber waste particles (Table 5.4.2). Lower density of concrete mixture with rubber waste is
explained due to less density of rubber waste particles compared with fine aggregate – sand particles density. Concrete mixtures density reduction with addition of rubber waste particles 3.2
percent for the concrete with equal strength.
The increasing of air entraining of concrete mixtures with rubber waste additive can be explained by higher porosity of the rubber waste particles than sand particles and very porous surface of rubber particles.
Dependence of concrete prismatic compressive strength on the concrete with and without
rubber waste additive is shown in Table 5.4.2. From this table it can be seen that investigated
concrete prismatic compressive strength did not change.
Density of the hardened concrete is shown in Table 5.4.2. It was obtained lower density in
hardened concrete with rubber waste additive than concrete without rubber waste additive. Reduction of concrete density is the same range like concrete mixture density reduction with addition of rubber particles (Table 5.4.2).
Concrete static modulus of elasticity for investigated specimens is shown in Table 5.4.2 and
stress-strain relationship during the specimens loading – in Fig. 5.4.1 and 5.4.2.

Figure 5.4.1. Stress –strain relationship for concrete without rubber waste
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Figure 5.4.2. Stress strain relationship for concrete with rubber waste

Table 5.4.2 presents the dynamic modulus of elasticity defined by a resonant method. It can
been seen, using rubber waste in concrete the dynamic modulus of elasticity decreased only 1
% – 2 % comparing without rubber additives.
The reduced both static and dynamic modulus of elasticity in concrete with waste rubber aggregates may be explained by low modulus of elasticity of small rubber particles, which is
much lower than fine aggregate – sand modulus of elasticity [19].
The results showed that the tyres rubber waste additives have great influence on concrete deformability after loading as under set loading. Deformations after loading of 70 % of prism
compressive strength on concrete with elastic additive from tyres rubber waste are 63 % higher,
while set deformations – 234 % higher than none rubberized concrete. Specimens with tyres
rubber waste additive with increased load to 80 percent of prism compressive strength deformations accordingly 56 % and 360 % higher than specimens with no rubber waste additive. The
rubberised specimen’s deformation results with load of 90 percents of prism compressive
strength are 63 % and 219 % higher than none rubberised specimens.
It was obtained that 20 cycles of loading to 70, 80 and 90 percent of prism compressive
strength have no influence on concrete strength for both concrete mixtures with and without
rubber waste additive (Fig. 5.4. 3).

Figure 5.4.3. Strength of concrete with and without rubber waste additive after 20 cycles loading 70, 80,
90% of compressive strength
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Figure 5.4.4. Ultimate strains on failure of concrete with and without rubber waste additive after 20 cycles
loading 70, 80, 90% of compressive strength

While concrete ultimate strains on failure are on significant effect form the tire rubber waste
additive. Ultimate strain of concrete with elastic additive is 32 % higher when the cyclic loading up to 70 % was obtained, 44% higher when the loading was up to 80 % and 42 % when the
loading was up to 90 % than specimens with no rubber waste additive (Fig. 5.4.4).
5.4.4

CONCLUSIONS

1. Rubber waste additives reduced both static and dynamic modulus of elasticity.
2. Cyclic loading of 20 cycles have no influence on the prismatic compressive strength of
both concrete with and without rubber waste (3.2 percent from aggregate by mass).
3. Strains of the concrete with the same compressive strength with rubber waste from used
tires (3.2 percent from aggregate by mass) deformations are 56 % – 63 % higher after
the static loading, while set deformations after the unloading is 219 % – 360 % higher
than for the none rubberised concrete.
Ultimate strains on concrete failure load are 36 % – 47 % higher for concrete with tyre rubber waste additive.
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5.5.1

INTRODUCTION

Stainless steel is perceived by the average man as a highly decorative material as well as durable, aesthetic and easily maintained. Stainless steel manufacturers and retailers as well as construction engineers and architects agree to say that this material has a great potential in the market for sustainable constructions thanks to its intrinsic properties: mechanical properties
(strength, ductility, fire resistance), not polluting (even if left in a rubbish dump), recyclable indefinitely, highly recovered at the end of its life, durable (thanks to the protective oxide layer)
and easily maintained, adaptable to future renovation or reconstruction or even reuse of entire
parts of the construction, interesting physical properties such as the emittance, easily combined
with other construction materials (see for instance Birat et al. 2005, Hiroyuki & Toshiyuki 2005,
Baddoo 2008, Houska 2008). Moreover, due to the development of life cycle cost analysis
(LCC) of structures, the adjective economic is sometimes naturally joined to stainless steel alternatives especially seen the development of ferritic grades (Rossi 2008).
A lot of examples of constructions in which stainless steel has been used for its aesthetic expression and durability exist: the Francois Mitterand Library in Paris (Arch. Dominique Perrault) where stainless steel mesh where used for the interior ceiling, the Torre Caja in Madrid
(see Fig. 1) covered with patterned stainless steel cladding, the Nouveau Palais de Justice in
Anvers (see Fig. 1) characterized by a stainless steel roofing, The Glass Center in Lommel (see
Fig. 1) where stainless steel is combined with glass, etc (see Helzel & Taylor 2004a, Esko 2005,
IISI 2006, Helzel 2007, ArcelorMittal 2009a). Still limited examples of stainless steel used in
the construction domain for its mechanical properties or fire resistance can be quoted especially
because of the higher price of stainless steel compared to carbon steel equivalent. However
those are essential aspects for the sustainability of structures. The use of stainless steel for its
mechanical properties (resistance and ductility) combined with good corrosion resistance is
nevertheless growing, one can cite amongst others the structure of the Cité des Sciences in Paris
(Arch. Adrien Fainsilber), the structure of the metro station Sainte-Catherine in Brussels (Arch.
Ney & partners) and the Saint-Pierre station in Gand (Arch. Wefirna), the composite floors of
the Luxembourg Chamber of Commerce (Arch. Vasconi Architects), the cable stayed structure
of the Stonecutters bridge in Hong Kong (Arch. Ove Arup and Partners) where stainless steel
was used for the outer skin of the upper sections of the bridge towers, the Cala Galdana bridge
structure (Eng. Pedelta) etc. It is not the scope of this paper to give an exhaustive list of these
realizations but the interested reader could refer to Helzel & Taylor 2004b, Houska 2008, Baddoo 2008 and 2010 (for instance), ArcelorMittal 2009a and numerous others.
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Torre Caja - Madrid
Arch. Normann Foster
Struct. eng. Halvorson and
Partners
© Luis García

Nouveau Palais de Justice - Anvers
Richard Rogers Partnership, VK
Studio architects, planners and designers, Ove Arup and Partners
© Régie des Bâtiments

The Glass Center - Lommel
Samyn and Partners
© Samyn and Partners

Figure 5.5.1. Three examples of remarkable European architectural realizations using stainless steel

Sustainability often refers to the junction of social, environmental and economic aspects or
described as the study that takes into account cultural, societal, ecological and economic facets.
Everyone agrees that sustainability should be accomplished in each domain and appropriate
methods and data should be made available for its long-term measurement. The life-cycle analysis (LCA) is generally cited as the most important method in the construction domain although
traditional common-sense rules are also part of the study. In fact, the comprehension of the mechanical properties of a material, the assessment of the thermal properties of a building, the development of design rules are examples of distinct parts of one common study, the goal of
which amongst others is to reduce the resources consumption. In the construction domain, this
could be summarized using the following non-exhaustive keywords:
• Economy: cost, investment return, durability, adaptability etc;
• Environment: resources, waste, eutrophication, toxicity, recyclability etc;
• Society: comfort, space, security, respect etc;
• Culture: history, site, architecture etc.
To achieve a complete study assessing the potential of this material to respond to sustainable
issues, its “green” properties should thus be capitalized and taken into account in life cycle studies.
5.5.2

STAINLESS STEEL CHALLENGES IN CONSTRUCTION

5.5.2.1 Environmental assessment methods for buildings
LEED (Leadership in Energy and Environmental Design) is a certification system developed by
the U.S. Green Buidling Council (see usgbc.org, USGBC 2005) since the nineties. It is composed of third parts used to verify that a building was designed and built following certain environmental criteria (energy savings, water efficiency, CO2 emissions reduction etc) providing the
user with an environmental score. As underlined in (Houska 2008), (1) the system awards points
to low Volatile Organic Compound (VOC) products whereas no points are given to materials
with no VOC emissions (like stainless steel); (2) the system associates no point to material longevity and it isn’t possible to obtain more points when longer service life is offered; (3) products
suppliers have worked actively in order to associate extra points to “green” or “certified” products. The same author also mentions that two parts of the scoring system can be favorable to
stainless steel use in buildings: heat island effect and optimizing energy reduction. The first
term refers to the increase in temperature occurring during summer in urban areas. Cool roof
systems and wall panels with high solar reflectance and low emittance (the solar reflectance in-
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dex SRI incorporates both solar reflectance and emittance) could thus lead to a reduction in air
conditioning costs. The author underlines that stainless steel finishes are not included in public
databases and the necessary SRI testing should be performed and made available by the industry. The other advantages of stainless steel in regard to LEED are: long service life, high recycled content and recapture rate, stainless steel has low roof runoff that could make filtration unnecessary for obtaining valuable non-potable water, material reuse if renovation.
Table 5.5.1. Stainless steel recapture rates per application sectors, sources: ISSF and recycle-steel.org.
Use of finished stain- Average life
Main application secTo
Collected for recycling
less steel in manufac(years)
landfill
tors
turing
Total As stainless steel
Building
16%
50
8%
92%
95%
Transportation
21%
14
13%
87%
85%
Industrial machinery
31%
25
8%
92%
95%
Household appliances
6%
15
18%
82%
95%
Electronics
6%
40%
60%
95%
Metal goods
20%
15
40%
60%
80%
Total
100%
22
18%
82%
90%

BREEAM (Building Research Establishment Environmental Assessment Method,
breeam.org) is an environmental assessment method designed for many building types: retail offices, education, prisons, courts healthcare etc. It was established in 1990, frequently modified,
especially in 2008. It provides the user with a scoring system addressing environmental issues
that should have a positive influence on the design, construction and management of buildings.
In 2009, BRE and the French Centre Scientifique et Technique du Bâtiment (CSTB) decided to
work together to develop an European method. In France, the equivalent standard is the socalled Haute Qualité Environnementale (HQE, ademe.fr, assohqe.org) that specifies criteria for
(1) managing the impacts on the outdoor environment and (2) creating a pleasant indoor environment. In Belgium, the Bureau de Contrôle Technique pour la Construction (SECO) initiates
the VALIDEO (valideo.org) system in 2008. The system focuses on (1) the construction site and
the construction management (location, waste management, materials choice, reassignment potential); (2) operational resources, water and waste management; (3) comfort and health; (4) social value of the building (accessibility, tally of life). In summary (Corus 2010), the scoring systems include several criteria that could be favorable to steel or stainless steel:
• Energy: the operational energy performance of buildings and associated emissions is the
most highly weighted factor. Stainless steel outdoor cladding and roofing have important roles to play in this category: long-term appearance, durable surface finishes, low
maintenance, high reflectivity, integration of renewable energy technologies, continuity of insulation, powerful against air leakage/heat losses/air infiltration, highly glazed
structures;
• Materials: environmental impacts of the materials used, recycled content and recycling/reuse potential, in-situ reuse of façades or existing structures;
• Waste: construction site waste management and manufacture off-site;
• Design for robustness such as vehicle impact protection.
5.5.2.2 Structural aspects
Besides the above summarized challenges related to the scoring systems established all over the
world, several other features associated to the use of stainless steel in the construction domain
should be underlined. The previous paragraph focuses on the certification systems for buildings
and, on the same occasion, mostly on two physical properties of this material: corrosion resistance and solar reflectance index. But stainless steel presents three other main features that
should be underlined, (1) corrosion resistance in aggressive environment; (2) great ductility especially for austenitic family; (3) good resistance to high temperature. If in aggressive environments (structures facing the sea, bridge crossing seaway or swimming pools), stainless steel is
often chosen as the alternative. Abundant literature is available for the choice of the appropriate
grade in such environment. For instance, numerous studies are undertaken to assess the interest
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related to the use of stainless steel rebars in bridges crossing the sea. The interested reader can
refer to Hunkeler 2000, Val & Stewart 2003, Euro Inox 2003, Pérez-Quiroz et al. 2008, ArcelorMittal 2009b. The ductility or fire resistance of stainless steel is also the topic of many recent
researches: behavior of stainless steel connections, structural sections exposed to fire, stainless
steel blast barriers etc (Gardner 2005, Gardner & Ng 2006, Ng & Gardner 2007, Rossi 2008,
Alonso & Franssen 2010, Gardner et al. 2010…). In these cases, stainless steel alternative is
chosen neither for its aesthetic expression nor for “green” properties but for structural ability: its
durability in special environments or durability against accidental situation. It is worth pointing
that a LCC analysis is generally (implicitly or in details) performed to evaluate the relevance of
the use of stainless steel under these circumstances.
5.5.3

GRADES DESCRIPTION

5.5.3.1 Introduction
Stainless steel principally contains iron with more than 10.5% of chromium that confers the corrosion resistance on this material. Depending on the microstructure, four families exist: martensitic, ferritic, austenitic and austeno-ferritic (duplex) stainless steels. Their physical, chemical
and mechanical properties vary with the chemical composition (and consequently the family)
but each of them is characterized by the ability of forming a self-repairing protective oxide layer
providing the corrosion resistance. The important points to bear in mind are:
• Austenitics and duplex contain nickel whereas ferritics do not;
• Higher chromium content enhances the corrosion and oxidation resistance. In addition
to this, nickel extends the scope of aggressive environments that stainless steels can
support. However, more specific alloy additions (such as molybdenum) also enhance
the corrosion resistance;
• Austenitics are non-magnetic,
• The mechanical behavior of ferritics is similar to traditional carbon steel at ambient
temperature while austenitics present a large strain hardening domain up to 50% of ultimate elongation,
• Duplex types, presenting a microstructure made of austenite and ferrite, share some of
the properties of both families, but are mechanically stronger than either ferritic or austenitic types,
• When subjected to high concentration of chloride ions (sea water) and elevated temperatures, localized severe corrosion known as pitting corrosion can occur. Besides, stress
corrosion cracking is a severe form of stainless steel corrosion that appears under tensile
stress (service loads or residual stresses) and corrosive environments. But this mode of
corrosion applies only to austenitic stainless steels and depends on the nickel content.
5.5.3.2 The 304, 316 and 430 grades
Table 5.5.2. 304, 316 and 430 stainless steel grades main mechanical properties
Ultimate strength (MPa)
Yield strength (MPa)
Maximum elongation (%)
Modulus of elasticity (GPa)

304
520
210
45
200

316
520
220
40
200

430
450
205
22
200

Austenitic type 304 (namely 1.4301 in euronorm, 18/8: 18% chromium and 8% nickel) has excellent corrosion and is highly ductile which makes it used for sinks and saucepans. This grade
is usually available in the following forms: sheet, plate, welded mesh, bar, pipe, decorative tube
etc. The 316 type (1.4401), containing an addition of molybdenum, has improved corrosion resistance. It is usually regarded as the marine grade. This grade is nevertheless prone to pitting
and crevice corrosion in warm chloride environments and subject to stress corrosion cracking
above 60°C. High chromium content ferritic grade 430 (1.4016) combines intermediate (good)
corrosion resistance with good formability and ductility. The corrosion resistance is optimal if
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the surface is highly polished. It can be obtained as bright annealed, polished sheet, square, rectangular and round tubes etc.
5.5.3.3 The surface finishes and Solar Reflectance Index
An extremely wide amount of surface finishes is available. In (Cochrane & Helzel 2005), additionally to the description of the standard mill finishes and mechanically treated surfaces finishes provided in EN10088 part 2, technical advice on their applications are also provided. The
description of the surface finishes is nevertheless out of the scope of this paper.
It was previously mentioned that scoring systems such as LEED promote the use of “cool”
surfaces to increase the thermal performance of buildings as well as decrease the urban heat island effect. To determine the effect of the reflectance and emittance on the surface temperature,
the Solar Reflectance Index (SRI) is used, it varies from 100 (for a standard white surface) to
zero (for a standard black surface). The higher the SRI, the cooler the surface remains. SRI incorporates both the emittance and reflectivity of the surface in a single value. Emittance, also
known as emissivity of a surface, is a measure of the surface capacity to emit heat, it ranges between 0 and 1. Most opaque non-metallic materials encountered in the built environment (such
as concrete, masonry, and wood) have an emittance between 0.85 and 0.95. Whereas stainless
steel emittance can range from 0.85 to less than 0.1 (highly polished stainless steel) depending
on the surface finish (Qian et al. 1996). Moreover, smooth, bright metallic surfaces will be characterized by directional reflection of light (low roughness, low dispersion) while ceramic (high
roughness, high dispersion), for instance, will be characterized by a diffuse reflection (Koch,
2001). For stainless steel, to a mirror finish will correspond a high reflectivity, to a matt-rolled
finish will correspond an intermediate reflectivity and to a patterned finish will correspond a
low reflectivity. Alternating stripes of matt and mirror polished finish can also be used to control this parameter. It is thus possible to recommend the finish, depending on the application, to
control the SRI. Of course, stainless steel has a role to play if high SRI is required (“cool” surface) but it might also be detrimental to comfort (dazzling of pedestrians) or security (air or road
traffic applications) and, in these cases, a matt patina should be advised.
5.5.4

LIFE CYCLE INVENTORY

5.5.4.1 Methodology
LCA methodologies are described in a series of international standards (ISO 14040, ISO 14041
to ISO 14044) setting the rules for conducting LCA. The International Iron and steel institute
has been providing inventory for steel products, from cradle to gate of factory since 1995 (see
worldsteel.org, Curran et al. 2006). But at that time, scrap was considered as a raw material with
neither burden, nor credit though using secondary raw materials saves energy and reduces the
environmental impacts. Nowadays, industries have worked aggressively to influence the methodology and include the end-of-life (EOL) treatment and recycling of steel (Amato et al. 1996,
IISI 2005 and 2008, Hiroyuki & Toshiyuki 2005, Birat et al. 2005, Eurofer 2007, Johnson et al.
2008). The principles are (1) steel is considered as a closed-loop material and the main steps of
its LCA are the manufacture, the use phase and the EOL treatment, (2) LCI data include the
manufacture and EOL steps, practitioners will have to add the use phase. The important parameters of the study are (1) the recovery rate RR, the fraction of material that is recaptured after one
life cycle, it includes the pre-consumer scrap generated during the manufacturing process and
the EOL scrap (post-consumer scrap) and (2) the yield Y representing the ability of the secondary process to convert scrap into steel. And thus, if X represents the LCI indicator,

X  X prim  RR  Y  ( X prim  X rec )

(1)

where Xprim = LCI indicator for primary manufacture; Xrec = LCI indicator for recycling process. It is also demonstrated that equ. (1) is still applicable if recycling is considered an indefinite
number of times.
It was already indicated that stainless steel is recovered to more than 90% (see Table 5.5.1). It
should be noted that austenitics are separated from other families thanks to their non-magnetic
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property, they are recycled as austenitics whereas ferritics can be recycled as stainless or carbon
steel.
5.5.4.2 Comparative graphs (credits to Dr. Lionel Aboussouan)

Figure 5.5.2. Demand in primary energy (divided in non renewable and renewable resources) for each
grade

Figure 5.5.2 presents the demand in primary energy for the production of 1 ton of cold-rolled
coil made of 304, 316 and 430 stainless steel. The 430 grade demands less energy than the other
two considered grades. In Figure 5.5.3, three different RR are considered for the same grade
(304) demonstrating the great influence of the recycling on the primary energy demand. The
same chart for each grade and each RR is provided if Figure 5.5.4, but the carbon dioxide emissions to air are depicted.
5.5.5

CONCLUSIONS

In this paper, a relatively thorough list of the challenges related to the use of stainless steel in
the construction domain is provided before three grades be further described in terms of two environmental impacts: primary energy demand and CO 2 emissions. The methodology used to obtain the data is also explained and the importance of how the recycling is taken into account is
underlined. The primary energy demand and the CO2 emissions are provided for three different
recycling rates showing the importance of this parameter.

Figure 5.5.3. Demand in primary energy for 304 grade considering three recovery rates.
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Figure 5.5.4. CO2 emissions to air for 304, 316 and 430 grades considering three recovery rates.

It is worth pointing, for instance, that production route without recycling of 304 cold-rolled
coils releases 4,1 ton of CO2 per ton of product while 2,4 ton are emitted if 85% of recycling is
considered. The similar statements are valid for the other two grades.
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5.6.1

INTRODUCTION

The complexity of the transformations that involved the building sector in last century has defined the passage from a practice based on the “rules of the art” to a problematic but profitable
confrontation with the manifold possibilities offered by new materials and new techniques. In
the latest years the use of newly introduced light gauge metals such as stainless steel profiles
and aluminium alloys along with their innovative systems is becoming more and more popular,
as they cover both the architectural and the structural demands. The research carried out
throughout the years and the progress in design codes regarding members made in high strength
steel and stainless steel, as well as aluminium alloys, resulted in wide application for buildings
(Rondal & Dubina 2005). At the same time, a rapidly increasing number of engineers and many
factors in construction industry acknowledge the importance in assessing the impact of building
activities on the environment, economy and society. The incorporation of sustainability aspects
into structural engineering has started to become a major objective from designers and construction companies. The assessment of environmental impacts over the life-time of built facilities as well as the estimates of life-cycle costs are becoming more and more significant in the
construction community, as they play a significant role in the achievement of optimum conservation of resources, reduced emissions and waste generation at a low overall cost. In addition,
the development of building systems based on light gauge metal elements, such as cold formed
steel (CFS) and aluminium elements, whose diffusion (particularly ample in the first case, while still in phase of investigation and experimentation in the case of the aluminium) appears tightly connected to a progressive affirmation of evaluation criteria on benefits and costs of steel
and aluminium applications related to the whole life cycle of the material, which takes into account the energetic-environmental implications related to the various phases of production and
use (Asif et al 2007, Peuportier 2000) In the so-called “process chain” of a material or semifinished product – that goes from its production, to its transformation in final product, up to its
use and replacing – involves in fact different aspects, among which the Life Cycle Cost (LCC)
and the Life Cost Assessment (LCA). These factors seem to favourably play in the possibilities
of growth of steel and aluminium market: material with elevated percentage of recyclability, in
whose productive process the use of scrap represents a conclusive and strategic role.
The present paper aims at investigating the performance of light gauge metal building applications in terms of sustainability. Two frame dwelling systems, namely a light gauge steel frame system and an aluminium building system have been introduced, and their eco-efficiency
has been evaluated. In both cases a Life Cycle Assessment analysis has been implemented by
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means of relevant LCA software and a comparative study between the obtained results has been
carried out.
5.6.2
5.6.2.1

LIGHT GAUGE STEEL METAL APPLICATIONS IN RESIDENTIAL BUILDINGS
Structural typologies

The contemporary building scenery introduces a productive offer that allows individualizing
different cold formed steel (CFS) based on dry assemblage of modular elements easy to disassemble and integrate with products and systems of different industrial origin.
The CFS sections can be combined to form different structural systems. The stick-build, related to linear systems, recalls the constructive typology of wood light systems and forms structural braced frames through the assemblage on site of posts and lintels with C, Z, L section. The
panel construction is used for buildings of medium height (3-4 floors), and provides for the assemblage on site of CFS pre-assembled horizontal and vertical panels, formed by the connection of braced sections. The volumetric system is made by structural pods that are delivered on
site (already provided of fixtures, fittings, etc.) lifted, placed side by side and piled up to form
multi-floors buildings. The semi-volumetric system is a “hybrid” solution that provides for the
combined use of panel construction, volumetric and of other building procedures (Fig. 5.6.1).

Figure 5.6.1. Stick-build system, panel construction and volumetric system with CFS galvanized sections.

5.6.2.2

Description of the “SUNDAY” steel frame system application

The “SUNDAY” system is based on cold-bent and zinc-coated steel profiles which are combined and fastened with the use of self-drilling screws to form wall panels, ceiling girders, roof
trusses and auxiliary elements, see Figure 5.6.2. It may be used for residential and commercial
buildings over ground structural systems basically in form of wall panels, ceiling girders and
roof trusses. Ready made individually prefabricated units are delivered to site were they are assembling to designed form on a previously prepared foundation or existing sub structure (in case
of extending stories), and generally, it is limited up to four stories and 12 m span. The profiles
and gusset plates are manufactured from zinc-coated steel strips or sheets by cold forming and
cutting in special machines adapted for the support of the system. Connections between profiles
in unit and units in structure are made by self-drilling screws. In particular, cases for stiffening
the building structures, frames of welded hot-rolled I- and channel sections steel profiles are
used. The system consists of three basic units:
- External (bearing) wall panels are made of steel posts with spacing equal to 60 cm, placed
in the profiles, which constitute the basis and the closure of a wall.
- Transverse bracing and spandrel beams are made of steel strips or appropriately cut profiles.
- Wall panels, assembled in the factory, provide for window and doorway openings, and include lintels of a special design.
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Figure 5.6.2. SUNDAY steel frame system and its profiles

For inter-story floors, the profiles in different configurations are forming the beams with typical
spacing 60cm. In the case of larger span lengths, floor girders are made of profiles with greater
height. The optimal span length is up to 4.5m. The load bearing structure of the roofs is constituted of steel trusses. Truss joints are covered with metal sheets (gusset plates), on both sides for
the span length > 6.0 m. Connections are executed with the use of sheet-metal screws. The constituent elements of the girders are joined directly and in buildings with a usable attic a special
roof structure is provided. Bracing of the roof structure is executed with the use of basic profiles, while the typical roof girder spacing equals 60cm (Kozlowski & Plewako 2007).
5.6.2.3
5.6.2.3.1

LCI analysis
Function and functional unit- Analyzed impact categories

The basic function of the considered system is to provide steel structure as a part of buildings
framing. The assumed functional unit is 1 m2 of usable space obtained in the building type ELA
(Fig. 5.6.3) constructed with considering system (AmTech Design Office 2005).

Figure 5.6.3. Basic data for ELA building (AmTech Design Office 2005)

Regarding the analyzed impact categories, the following environmental impacts and their indicators were collected and calculated:
 Extraction of abiotic resources
 Global Warming Potential – CO2, CH4 and N2O emissions
 Acidification Potential (eq. SO2)
 Photochemical Ozone Creation Potential (NOx)
 Process wastes
5.6.2.3.2

System boundary

The considered analysis is performed for system boundary shown on Figure 5.6.4 covering:
1. Transportation to site
2. Assembling of the structure
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Shipment units

Fuel

Additional hotrolled steel

Connectors

To-site transport of materials

Assembling
of the structure

Energy (AC)

Figure 5.6.4. System boundary scheme

5.6.2.3.3

Data collecting procedure- Inputs and Outputs

For input materials, fuel and energy consumption, data were collected from public sources and
databases. Materials and energy flow per assumed functional unit (1 m2 of usable area) were obtained based on direct information from producer for one year production, presented and proceed in previous research (Kozlowski & Plewako 2007). Zinc-coated steel and hot rolled steel profiles are the main input materials for analyzed technology. In assembling process connectors in
form of self-drilling screws are added. In all processes covered by system boundary only fuel
(diesel) and electric AC energy from public network are used. The considered output is the usable area of the building.
5.6.3
5.6.3.1

INVENTORY RESULTS
Inputs and outputs

Based on design data for considered building, the total mass of elements forming structure were
collected and presented in Table 5.6.1.
Table
5.6.1. Mass [kg] of structural elements for ELA building
______________________________________________
Elements
quantity
1 Zinc-coated steel framing
5617.84
2 Hot-rolled steel
489.11
______________________________________________
Shipment mass
6106.95
3______________________________________________
Assembling connectors
52.49
Total mass of structure
6159.44
______________________________________________
______________________________________________

Table
5.6.2. Inputs and outputs factors (related to FU=1 m2)
______________________________________________
quantity

unit

______________________________________________

1. Inputs:
Shipment units
36.86
kg/m2
Add. hot-rolled steel*) 0.49
kg/m2
Connectors
0.34
kg/m2
Energy (AC)
6.50
MJ/m2
Fuel (diesel)
1.32E-4 kWh/m2
2. Outputs
Usable space
1.00
m2
______________________________________________

According to the design, total usable area of the building is equal 152.4 m 2. It was assumed,
that the distance for transport from manufacturing plant to the building site is equal 40 km. The
transport is realized by 3.5 t lorry. The assumed energy consumption during assembling the
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structure is 990.6 MJ (AC network in Poland). Inputs and outputs related to functional unit are
presented in Table 5.6.2 abowe. Because standard shipment unit includes some quantity of hotrolled profiles (6.86 % of mass = 413.77 kg), only difference for considering building is separately considered (489.11 – 413.77 = 75.34 kg).
5.6.3.2

Impact category indicators for inputs

5.6.3.2.1

Shipment unit and connectors

Data were obtained based on previously presented analysis (Kozlowski & Plewako 2007).
Table
5.6.3. Inputs and outputs for shipment unit and connectors on-site
_____________________________________________
Indicator

quantity

unit

_____________________________________________

1. Energy
685.60
MJ/m2
2. Raw materials
72.24
t/m2
3. Emissions to air
CO2
36.90
kg/m2
CH4
40.5E-3
kg/m2
N2O
0.3E-3
kg/m2
SO2
0.12
kg/m2
NOX
44.2E-3
kg/m2
4.
Process waste
9.58
kg/m2
_____________________________________________

5.6.3.2.2

Additional hot rolled profiles

Data were obtained from ELCD Data System
Table
5.6.4. Inputs and outputs for steel hot-rolled profiles
_____________________________________________
Indicator

quantity

unit

_____________________________________________

1. Energy
6.38
MJ/m2
2. Raw materials
49.3E-3
t/m2
3. Emissions to air
CO2
3.52
kg/m2
CH4
0.4E-3
kg/m2
N2O
7.7E-6
kg/m2
SO2
1.0E-3
kg/m2
NOX
8.3E-3
kg/m2
4.
Process waste
0.22
kg/m2
_____________________________________________

5.6.3.2.3

AC Energy (public network in Poland)

Data were obtain from ELCD Data System
Table
5.6.5. Inputs and outputs for public AC network in Poland
_____________________________________________
Indicator

quantity

unit

_____________________________________________

1. Energy
6.50
MJ/m2
2. Raw materials
41.98
t/m2
3. Emissions to air
CO2
22.04
kg/m2
CH4
14.4E-3
kg/m2
N2O
3.25
kg/m2
SO2
0.04
kg/m2
NOX
0.33
kg/m2
4.
Process waste
9.01
kg/m2
_____________________________________________

239

Integrated Approach towards Sustainable Constructions
______________________________________________________________________________________________________

5.6.3.2.4

Transport (3,5 t. lorry)

Data were obtain from ELCD Data System
Table
5.6.6. Inputs and outputs for 3.5 t lorry
_____________________________________________
Indicator

quantity

unit

_____________________________________________

1. Energy
n.a.
MJ/m2
2. Fuel (diesel)
0.02
kWh/m2
3. Emissions to air
CO2
5.6E-3
kg/m2
CH4
13.4E-6
kg/m2
N2O
0.00
kg/m2
SO2
0.00
kg/m2
NOX
0.1E-3
kg/m2
4.
Process waste
0.00
kg/m2
_____________________________________________

5.6.3.3

Impact category indicators for Functional Unit (output)

Table 5.6.7 summarized impact category indicators analyzed in this study.
For cumulative energy consumption, covering both consumption for input materials and production processes (presented in last “numerical” cell of Table 5.6.7), the same indicators were calculated. Impact category indicators values for particular input materials (weighted by input factors from Table 5.6.2.) were summarized with energy indicators in last column.
Table
5.6.7. Calculated impact category indicators for FU
________________________________________________________________________________________________
Indicator

Shipment Hot-rolled
Transport
Energy
Total
unit+conn
steel
________________________________________________________________________________________________
1. Energy
MJ
685.60
6.38
n.a.
6.50
698.48
2. Raw materials
t
72.24
49.3E-3
4.5E+3
4.6E+3
3. Fuel
kWh
0.02
0.02
4. Emissions to air
CO2
kg
36.90
3.52
5.6E-3
22.04
2.4E+3
CH4
kg
40.5E-3
0.4E-3
13.4E-6
1.57
1.59
N2O
kg
0.3E-3
7.7E-6
0.00
349.24
349.24
SO2
kg
0.12
1.0E-3
0.00
4.30
4.42
NOX
kg
44.2E-3
8.3E-3
0.1E-3
35.46
35.51
5.
Process waste
kg
9.58
0.24
0.0
968.20
978.02
________________________________________________________________________________________________

5.6.4
5.6.4.1

Unit

ALUMINIUM FRAME DWELLING STRUCTURES
Structural typologies of aluminium systems in dwellings

In the latest years, the increasing demand for adequate and sustainable performance with high
quality materials in structures offers an opportunity for aluminium alloys since they possess
properties such as formability, functionality, flexibility, light weight, excellent recyclability and
corrosion resistance. Despite the fact that aluminium alloys are characterized by high energy
consumption during their production and initial costs, they perform in a sustainable way with
the consideration of the building in the full service lifetime (Radlbeck et al 2004). Aluminium
alloys represent a wide family of constructional materials, whose mechanical properties make
them extremely popular in civil engineering works and cover an extended range of application
fields. In addition, their physical properties, such as lightness give advantages as erection
phases can be simplified, as the loads transmitted to foundations can be reduced and as the
physical labour can be reduced. Another characteristic of aluminium alloys is their corrosion
resistance which results in reducing the maintenance costs and adopting a good performance in
highly corrosive environments (EAA 1999). It is noteworthy that the functionality of aluminium alloys regarding geometrical shapes can make them really competitive as the geometrical
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properties can be improved through the design of sections, as stiffened shapes can be obtained
without using built up systems and as simplifying connecting systems among different structural members, thus improving joint details (Baniotopoulos 2003).
Regarding aluminium systems in dwellings, it is possible to individualize three structural typologies: frames, grid systems and panels (Fig. 5.6.5). In the first case high resistance modular
sections are used (Bosch Rexroth, Mhs, etc.), assembled with screws, bolts or metallic clamps.
The grid structures result as strongly competitive for realizations where lightness becomes a
fundamental “added value” and can be used for wide spans, reducing strongly the burdens of
transport and assemblage. One of the greater advantages of aluminium panels systems comparable to steel is that the material can be easily extruded to form box ribbed sections, enable the
increase the critical load of structural elements, thus enhancing the bearing capacity of the
structure without increasing its weight (Mazzolani 1995).

Figure 5.6.5. Frame, grid and panels system with aluminium extruded sections.

5.6.4.2

Description of the system

The use of aluminium frame dwellings is at the present applied in single structures, like one
storey prefabricated houses. For the purpose of the present study a typical case of such structures is concerned, whereas the dwelling consists of four prefabricated aluminium frame panels,
with differentiation only as far as their openings concerns, either door or window. The dimensions of the structure are 6x6 meters (total area 36m2) and the storey height is 3m (Fig.
5.6.6).The basic advantage of this structure under investigation is that its 4 prefabricated panels
are identically and can be differentiate in situ, during the fabrication. They are assembled in a
previous constructed light concrete foundation slab and the connections between the panels are
made using self drilling screws, whereas the roof can be also a prefabricated unit. Regarding
the structural material, aluminium alloys of series 5xxx are used since they are very corrosion
resistant and exhibit good weldability (CEN 2004). Due to the fact that each panel has a limited
weight, the structure can be transfer and assembled in distance places.

Figure 5.6.6. Aluminium frame structure under investigation
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In Figure 5.6.7 the aluminium profiles used for the present study are presented. Profile A with
external dimensions 90mm*90mm is used for columns and the most important beams and profile B with external dimensions 90mm*45mm is used bracing and secondary beams.

Figure 5.6.7. Aluminium frame panels and used profiles.

5.6.4.3
5.6.4.3.1

LCI analysis
Input values

Due to lack of data and for simplification analysis reasons, many input data such as the LCI analysis was carried out on the basis of some data common with the case of light gauge steel application. From the design data of the certain structure, the total mass of the aluminium elements
forming it is presented in the Table 5.6.8.
Table
5.6.8. Total mass of aluminium members and connectors.
_______________________________________________________________
Element

Length

Mass/meter (kg/m)

Total (kg)

_______________________________________________________________

Profile A
143.0
6
858.0
Profile B
165.5
3.6
595.8
Connectors
20
Total
1473.8
_______________________________________________________________

According to the design, the total usable area of the building is equal 36m2. As in the case of
steel, the distance for transport from manufacturing plant to the building site considered equal to
40km and the transport is realized by 3.5t lorry. The assumed energy consumption during assembling the structure is 600 MJ. In Table 5.6.9 the inputs and outputs related to functional unit
are presented.
Table
5.6.9. Inputs and outputs factors (related to FU=1 m2).
______________________________________________
Quantity

Unit

______________________________________________

1. Inputs:
Shipment units
40.38
kg/m2
Connectors
0.56
kg/m2
Energy (AC)
97.22
MJ/m2
Fuel (diesel)
2.56E-4 kWh/m2
2. Outputs
Usable space
1.00
m2
______________________________________________
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5.6.4.3.2

Impact category indicators for Functional Unit (output)

After following the same methodology as in case of steel, in Table 5.6.10 the impact category
indicators analyzed in this study are summarized.
Table
5.6.10. Calculated impact category indicators for FU.
________________________________________________________________________________________________
Indicator

Shipment
Transport
Energy
Total
unit+conn
________________________________________________________________________________________________
1. Energy
MJ
3540
n.a.
6.50
698.48
2. Raw materials
t
41.27
4.5E+3
4.6E+3
3. Fuel
kWh
31
0.02
0.02
4. Emissions to air
CO2
kg
27.96
5.6E-3
22.04
2.4E+3
CH4
kg
6.69E-3
13.4E-6
1.57
1.59
N2O
kg
0.5E-3
0.00
349.24
349.24
SO2
kg
0.11
0.00
4.30
4.42
NOX
kg
64 E-3
0.1E-3
35.46
35.51
5.
Process waste
kg
2.06
0.0
968.20
978.02
________________________________________________________________________________________________

5.6.5

Unit

CONCLUSIVE REMARKS

This research work was focused on a Life Cycle Inventory analysis of two light gauge metal
frame systems regarding residential applications. Both systems, e.g. the SUNDAY light gauge
steel system and an aluminium alloy frame structure were analysed and the environmental impact of their building components and processes has been evaluated on the basis of inventories.
The aim was to apply LCA analysis and investigate the sustainability performance of light metal
applications on the basis of environmental indicators results. The approach of the analysis was
carried out taking into account 1m2 of usable area as a functional unit and covering the processes of production, transportation and execution. As expected, in case of aluminium the energy
required for these processes proved to be more than the correspondent one in case of light gauge
steel frame. However, when considering the whole life time of the structure, aluminium alloys
could theoretically contribute to sustainability and in order to get a complete sustainability
evaluation there are also other phases in a building life cycle which must me taken into account.
The use of the building, the final dismantling, the treatment after use of components and the possible reuse and recycling of components are processes which are very important and which will
be dealt with in a following research work.
REFERENCES
AmTech Design Office. 2005. Working design of ELA family house, AmTech Design Office, Kolbuszowa, Poland.
Asif, M., Muneer, T. & Kelley, R. 2007. Life cycle assessment: A case study of a dwelling home in Scotland. Building and Environment. Vol. 42 Issue 3: 1391-1394.
Baniotopoulos, C. C. 2003. Structural Metal Connections in the Framework of Eurocodes 3&9. Thessaloniki: Ziti Publications.
CEN. 2004. prEN 1999-1-1, Part 1.1: Design of Aluminium Structures: General Structural Rules. Brussels: CEN.
European Aluminium Association (EAA). 1999. TALAT “Training in Aluminium Application Technologies”, Brussells: European Aluminium Association (EAA).
Kozłowski A. & Plewako Z. 2007. Preliminary Life Cycle Inventory analysis of light gauge steel frame
system, , Proceedings of the First Workshop C25 Sustainability of Construction. Integrated Approach
to Life-time Structural Engineering, Lisbon 13-15 September. pp.2.77-2.83. Portugal: Multicomb
Mazzolani, F.M. 1995. Aluminium alloy structures. London: E& FN Spon.
Peuportier, B. L. P. 2000. Life cycle assessment apllied to the comparative evaluation of single family
houses in the French context. Energy and Building. Vol. 33: 433-455.
Radlbeck, C., Dienes, E. & Kosteas, D. 2004. Sustainability of Aluminium in Buildings. Structural Engineering International 3:221-224.
Rondal, J. & Dubina, D. 2005. Light Gauge Metal Structures: Recent Advances. Springer Verlag

243

Integrated Approach towards Sustainable Constructions
______________________________________________________________________________________________________

244

Part II – Eco-efficiency
______________________________________________________________________________________________________
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5.7.1

INTRODUCTION

New technologies in building construction and services are needed in order to reduce the big
energy consumption in the building stock from which a major part goes for controlling of indoor
climate. On the other hand, performance requirements are growing higher because of both more
severe regulations and higher comfort requirements by the users – the wide use of air
conditioning systems, also in houses, is just an example of this trend. Integration during the
design phase among Architecture, Building Technology and Services is thus much
recommended to obtain a more sophisticated “living-environment”, using relatively simple
strategies and avoiding extra-costs.
It is possible to tackle the problem of energy consumption with stratified lightweight skins
and layers, high performance materials and integration of installations, like heat pumps for
example or wind turbines, and enhancing the use of renewable energy sources by using devices
like solar photovoltaic panels or solar thermal exchanger or simply by preferring natural
ventilation and natural shading or re-interpreting low processing materials and using them in a
clever way.
The hybrid strategy (insulated shell – inertial core) seems a logical passage in buildings, a
smart evolution rather than a traumatic revolution in a slow market. Several recent sustainable
projects are characterized by high-insulated envelopes with light structures and integrated solar
panels and ventilation systems. The bearing structure is often dry-assembled steel or timber
frame and concrete floors and staircases acting as bracing systems. The result is a well-insulated
and ventilated cover and a core endowed with massive and inertial elements. In Italy, we could
imagine high energy-efficient buildings characterized by a concrete bearing frame and concrete
slabs, and a dry assembled insulated envelope.
Precise seasonal strategies in Southern European countries maximize the winter energy
contributions from both natural sources (sun) and interior gains stored in the massive parts and
retained because of insulation. In the middle seasons and in summertime, the natural ventilation
could be exploited thanks to temperature differentials between opposite walls and the “stack
effect” of massive floor slabs acting as “cooling sheets”. A basic strategy required to save
energy for cooling is the reduction of overheating inside the building. Apart from efficient
shading of the glazed areas, the use of thermal mass is critical to control temperature peaks and
the cycle of temperature during the day.
A possible way to use thermal mass in a building is an internal mass that contributes to the
storage of energy during the day (also in winter) and releases it during the night, when the air
temperatures are supposed to be lower. In well-insulated buildings, this is the most important
issue about thermal inertia as the wall is almost adiabatic and the heat flow through it is
practically eliminated. The required storage capacity is low, as energetic inputs are relatively
small. Thermal storage can be accomplished either by using sensible heat storage or latent heat
storage. Sensible heat storage has been used for centuries by builders to store thermal energy,
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but a much larger volume of material is required to store the same amount of energy in
comparison to latent heat storage. This paper aims to study potential of application of Phase
Change Materials (PCM) in lightweight buildings or rather compounds (salts or paraffins) that
undergo a phase change process, involving the storage, or release, of latent heat. PCM can be
incorporated into a thermal storage system in order to store daytime solar energy to provide
space heating and used to obtain thermal storage elements that don’t add unnecessary weight to
the construction and that – what is more – can be tuned to have a melting temperature coherent
with the human comfort necessities.
Different PCM applications have been made in experimental buildings with light structures:
an example is the Lighthouse project by Sheppard Robson, presented at BRE during the Offsite
2007 exhibition. In order to increase the thermal inertia of house and to achieve a “zero carbon
emission” performance, PCM insulation panels, manufactured by Basf, have been included in
suspended ceilings.
The main purpose of the paper is to present the state-of-the-art on phase changing materials in
building applications.
5.7.2

OVERVIEW ON PHASE CHANGING MATERIALS USABLE IN BUILDINGS

5.7.2.1 Physical and technical properties
Based on a literature survey on phase changing materials (PCM), several compounds can be
identified as commercially and technically feasible materials for building products and
techniques.
PCM’s are divided in two major groups, organic and inorganic. Organic materials may be
obtained from petroleum or both from animal or vegetable sources. They can be classified in
paraffins, non-paraffins and fatty acids. Inorganic materials can be classified in salt hydrates and
metallic. Both organic and inorganic materials can be found with different phase change
temperatures, latent heat of transition and conductivity, among other properties. Table 5.7.1
presents some substances that have been investigated by several researchers as potential PCM.
Table 5.7.1. Properties of different investigated PCM substances (Zalba et al., 2003)

H2O
LiClO3.3H2O
KF.4H2O
Na2SO4.10H2O

Melting
Temperature
(ºC)
0
8.1
18.5
32.4

Ba(OH)2.8H2O
Polyglycol E400
Dimethyl-sulfoxide
Paraffin C18
Paraffin C22–C45
Naphthalene
Propyl palmiate
Caprylic acid
Capric acid
Lauric acid
Palmitic acid

Compound

Inorganic

Organic

Fatty
Acids

333
253
231
254

Thermal
Conductivity
(W/m.K)
0.612
----0.544

78

265. 7

0.653

8
16.5
28
58 – 60
80
10
16
32
42 – 44
64

99.6
85.7
244
189
147.7
186
148.5
152.7
178
185.4

0.187
--0.148
0.21
0.132
--0.149
0.153
0.147
0.162

Heat of Fusion
(kJ/kg)

Major companies such as BASF and Rubitherm GmbH (Germany), Cristopia (France), TEAP
Energy (Australia), EPS Ltd. (UK), Climator (Sweden) and Mitsubishi Chemical (Japan)
already offer a wide variety of commercial PCM’s in a wide range of transition temperatures.
Also in Portugal, Micropolis already produces PCM’s based in paraffin waxes. Table 5.7.2
presents some products of the mentioned companies.
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Table 5.7.2. Properties of commercially available PCM’s (www…)
Company

BASF

Rubitherm
GmbH
Cristopia
TEAP
Energy
EPS Ltd.
Climator
Mitsubishi
Chemical
Micropolis

Commercial
Name
Micronal DS
5001
Micronal DS
5008
RT 6
RT 20
SP 22 A4
SN 33
IN 03
AC 27
Latest 20T
Latest 32S
E -10
A2
A22
ClimSel C 7
ClimSel C 23
ClimSel C 32
STL -21
STL 27
STL 52
Mikra Thermic

PCM

Melting
Temperature
(ºC)

Heat of Fusion
(kJ/kg)

Thermal
Conductivity
(W/m.K)

Paraffin

26

110

---

Paraffin

23

110

---

Paraffin
Paraffin
Salt Hydrate
Paraffin
Paraffin
Paraffin
Salt Hydrate
Salt Hydrate
--------Salt Hydrate
Salt Hydrate
Salt Solution
Salt Hydrate
Salt Hydrate
Paraffin

8
22
24
-33
-2.6
27
19 – 21
31 – 32
-10
2
22
7
23
32
-21
27
52
20

174
130
165
218
294
185
175
200
286
225
172
130
148
212
240
213
201
140

0.2
0.2
0.6
------1
0.6
0.56
0.21
0.18
---------------

The most important property of PCM’s is their ability to store/release heat within a narrow
range of temperatures. When selecting a PCM for a special application, criteria needs to include
the following characteristics: melting/freezing temperature range depending on operative
conditions; high latent heat of transition enabling high energy storage; thermal conductivity and
specific heat to promote easy heat transfer to/from support medium; density; little or no supercooling during freezing ensuring full material operating efficiency; chemical stability through
repetitive temperature transition cycles, during full installation life, small transition volume
change and obviously price and market availability.
Both organic and inorganic materials present clear advantages and disadvantages. Among the
main advantages of organic materials is their chemical and thermal stability through cycles and
low or no supercooling. Their disadvantages are corrosiveness, flammability, lower enthalpy
and lower thermal conductivity. On the other hand, inorganic materials present higher
enthalpies, however they experience supercooling, phase segregation and corrosiveness.
5.7.2.2 Application in building products
Over the years different techniques to integrate PCM into the building materials have been
studied. These techniques included mainly immersion and encapsulation.
In the immersion process the porous building material is dipped into the hot melt PCM,
which is absorbed by capillarity. This is easy to perform but PCM may interact with the
structure, changing the properties of the materials matrix by reacting with it or by leakage.
Encapsulation of the PCM in tubes, pouches, spheres or panels is an effective way of
containing the material, however, macro-capsules heat transfer rates decrease due to low heat
transfer coefficients during freezing, preventing the system to fully discharge. More, this
method requires protection of the containers from destruction during integration.
Micro-encapsulation allows easy integration of the PCM into conventional porous materials,
preventing the interaction of the PCM with the matrix, good stability and larger heat transfer
surface, affecting however mechanical strength of the elements.
For wallboards for example, direct incorporation at the mixing stage is preferred because
little additional process equipment and labour is required, however, if no contention
mechanisms are used, leakage may be a problem. Nevertheless, PCM wallboard and
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conventional wallboard characteristics present flexural comparable strengths, around 15%
difference in thermal conductivities depending on the PCM used and its amount and excellent
fire resistance. For radiant floor applications shape-stabilized PCM plates are most common.
Major concerns with safety codes and flammability requirements imposed to construction
materials lead to the development of techniques to prevent fire hazards. Adding fire retardants
in materials composition is usually an effective measure. Examples include, non-flammable
surface materials such as aluminium foil or rigid PVC film for plasterboards and brominated
hexadecane and octadecane combined with antimony oxide for other applications, since it self
extinguishes.
During the last 25 years several research studies have been conducted to develop different
PCM solutions. These studies are divided in two major groups:
1)
Incorporation in building materials to increase lightweight buildings thermal mass,
contributing to interior temperature regulation and reducing heating and cooling
demands;
2)
Strategic combination with constructive elements, techniques and external heat or
cool power supply equipments.
The first and widest investigated building material incorporating PCM is gypsum wallboard.
Several researchers have conducted studies using different incorporation techniques, support
materials, PCM substances and quantities.
An early research conducted by Athienitis et al., showed that an increase of up to 10 MJ heat
transferred between the wall surface and the room could be obtained (15% of the total heating
load), with 13 mm gypsum-PCM board as wall lining.
Darkwa at al. performed a simulation comparing the effectiveness of a 12 mm gypsum-PCM
board randomly mixed with a 10 mm gypsum wallboard lined with a 2 mm laminate PCM and
concluded that the laminated solution increased minimum room temperature in 17%.
During winter, the indoor thermal environment was studied by Shilei et al., by comparing the
performance of a room lined with a phase change wallboard (9.5 mm thick) and without it. With
PCM both maximum temperature and thermal flow through wall decreases were registered,
respectively, 1.2 ºC and 8 W/m2.
Still in the domain of wallboards application for lightweight envelope buildings, Ahmad et al.
[13] compared the thermal performance of polycarbonate and PVC panels, using paraffin
granulates and PEG600 as PCM. Though polycarbonate panels showed no significant effect,
presenting a small time temperature lag of 1-2.5 hours, PVC panel presented temperature
swings around 5 ºC with 2-3 hours time lag.
Different support materials and constructive elements have also been studied. Lai and Chiang
investigated the performance of hollow thermal insulation bricks incorporating octadecane
paraffin as PCM, during summer, registering a peak temperature difference of almost 5 ºC lower
in the PCM brick. PCM bricks also presented a temperature control capacity of 23 ºC-h higher
than conventional bricks.
Cabeza et al. setup an experiment in which a concrete cubicle incorporating only 5%-wt.
PCM in the south, west and roof panels, showed a 1 ºC lower maximum room temperature
appearing 2 hours later and a 2 ºC higher minimum temperature, effect of the thermal inertia
introduced by the PCM.
Several strategic combinations of constructive elements and external power sources for space
heating and cooling have been developed and studied. Examples include the integration of
PCM’s in systems such as radiating floors, air conditioning and ventilation, solar collectors,
heat pumps, photovoltaic panels and double glazed windows with moving PCM panels.
Lin et al. developed a new kind of radiating floor, using shape stabilized PCM plates. In their
experiments, a prototype house installed with a 150 W heat source was tested. Results showed
that 3.3 kWh were shifted to off-peak periods, corresponding to over 50% of the total energy
consumption.
PCM integrated in a mechanical ventilation system for free cooling a low-energy building,
was investigated by Arkar and Medved. The researchers concluded that, during summer, 6.4 kg
of PCM per m2 of floor area corresponded to an air change rate of 5h -1 night-time cross
ventilation, to maintain temperatures in 25 ºC and in 26 ºC during day-time.
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5.7.3

EXPERIMENTAL RESEARCH ON GYPSUM-PCM PLASTER

5.7.3.1 Manufacture of gypsum-PCM plaster
A gypsum plaster was selected as a material in which PCM would be incorporated, since it is
one of the materials most widely used for interior revetment of residential buildings, due to its
good hygrothermal properties. The type of PCM was selected as a technical grade hexadecane
paraffin wax, microencapsulated in a melamine-formaldehyde resin, with an average particle
size distribution of 20-30 µm, a melting temperature around 20 ºC and a latent heat of fusion of
140 kJ/kg.
The microencapsulated PCM was mixed directly in the plaster (Figure 5.7.1), since it also
presents in the form of a powder. Systems configuration could this way respect traditional
constructive systems and techniques, without adding any extra labour to the process.

Figure 5.7.1. SEM picture of the PCM microcapsules inside the gypsum matrix.

The temperature range definition was based in the new Portuguese Regulation for Buildings
Thermal Behaviour Characteristics (Min. of PW,T&C, Regulations …, 2006) that sets both
winter and summer indoor comfort temperatures, respectively in 20 ºC and 25 ºC. Since most of
the energy is spent for heating purposes, rather than for cooling, a PCM with a freezing/melting
range around 20 ºC was chosen. From bibliographical research and results achieved, the amount
of PCM to be incorporated was set in 20% in weight of the final plaster. Production costs were
also taken into account, since this is a very expensive product.
5.7.3.2 Experimental programme
An experimental research programme was carried out at the University of Minho in order to
study the influence of the gypsum-PCM plaster on the thermal performance of a room. The
programme consisted of determination of the material properties and temperature measurements
in a test room.
Mechanical tests were carried out in accordance with the standard EN13279 in order to define
bending, compressive and adhesive strengths of the gypsum-PCM plaster.
Table 5.7.3. Mechanical properties of the gypsum-PCM plaster (Silva et al., 2007)
Bending Strength, (MPa)
1,77

Compressive Strength, (MPa)
2,70

Adhesion Strength, (MPa)
0,48

The influence of the gypsum-PCM plaster was studied through temperature measurements in
the an adiabatic test cell of the Building Physics and Technology Laboratories at the University
of Minho in Guimarães. The measurements were done in two different test arrangements built
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inside the test cell: the tested material was involved in the first space, and in comparative test
not.
The length of the cell is 4.24 m, the width 2.58 m wide and height 3 m (Figure 5.7.2). A
hollow ceramic brick wall of thickness 110 mm was built to dividing the cell in two rooms (east
and west). To allow plastering, instrumentation and maintenance of the east room, an aperture
was left (this opening was then closed with a double layer of expanded polystyrene 5 cm thick
plates and polyurethane foam). Each surface of the wall was then covered with projection
gypsum plaster. After 24 hours, three very thin layers of finishing plaster were manually applied
in both façades. In the West façade gypsum-PCM mixture was used as solution in study (Figure
5.7.2), while in the East façade gypsum plaster was used as Reference solution. Table 5.7.4
presents the characteristics of both systems.
Both rooms were instrumented with temperature and relative humidity sensors and
thermocouples were installed in the different plaster layers and walls surface. Monitoring was
carried between the 21st July and the 8th August, 2007.
Table 5.7.4. Test cell system characteristics
Property
Internal cell dimensions (L x W x H in m)

Reference
Studied
Solution
Solution
4.10 x 2.50 x 2.60

Plastered area (m2)

9.74

Gypsum plaster used (kg)
PCM used (kg)
2

Plaster specific consumption (kg/m )
2

PCM specific consumption (kg/m )
2

Storage capacity (Wh/m )

10

7.5

---

1.9

1.03

0.77

---

0.20

---

7.6

Figure 5.7.2. West room of the adiabatic test cell – Gypsum-PCM façade.

During the above mentioned period both room temperature and relative humidity were
monitored, as well as surface temperatures. Figures 5.7.3 and 5.7.4 present the results achieved
both during the cold and the warm period monitored.
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Figure 5.7.3. Temperature and relative humidity profiles for the period hosting the coldest day
(9.6ºC<Tout<25.8ºC).
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Figure 5.7.4. Temperature and relative humidity profiles for the period hosting the warmest day
(14.9ºC<Tout<36.8ºC).

For the period represented in Figures 5.7.3 and 5.7.4, the maximum and minimum measured
temperatures are shown in Table 5.7.5. For the whole monitored period, the most important
feature of the measurements, is presented in Table 5.7.6, where both temperature and time
measured amplitudes are shown.
Table 5.7.5. Maximum and minimum registered temperatures during the monitored period
Outside
T Max (ºC)
T Min (ºC)

36.8
9.0

Reference
Room
42.2
19.1

PCM
Room
38.1
19.2
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Reference
Wall
39.2
19.2

PCM
Wall
37.5
19.6
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Table 5.7.6. Maximum and minimum temperature amplitudes and time delays between Reference and
PCM rooms

∆T (ºC)
∆t (h)

Temperature / Time Delay
Maximum
Minimum
-4.9
1.4
3
2

Assuming equal heat loss through the envelope for both rooms and neglecting conductive
heat transfer through the wall, the heat fluxes between the wall surface and the room were
determined according to equation:

Q  U . A.T 

T
R

where

U is the Overall Heat Transfer Coefficient, in W/m2.ºC;
A is the Heat Transfer Surface, in m2;
ΔT is the Temperature difference between room medium and wall surface, in ºC;
R, is the Horizontal Thermal Resistance through walls, in.
In this case, R = 0.13 m2.ºC/W defined by RCCTE, the Portuguese Regulation of Energy
Performance of Buildings (Min. of PW,T&C, Regulations …, 2006). Results are shown in Table
5.7.7.
Table 5.7.7. Calculated heat flux differences. ΔQ is the heat flux, from wall surface to the room,
difference between PCM and reference room; T refers the total monitored period; h refers to one hour;
Wall refers per wall area; Floor refers per floor area; Wall.Floor refers per wall and floor area
ΔQT
(W)
24788

ΔQh
(W)
21.3

ΔQWall
(W/m2Wall)
2.2

ΔQFloor
(W/m2Floor)
4.3

ΔQWall.Floor
(W/m2Wall.m2Floor)
0.44

From the results obtained in the test cell was possible to verify that PCM has a benefit effect
in room environment, decreasing maximum temperature up to 5ºC and increasing minimum
temperature up to 1.5ºC. More, the registered minimum and maximum temperatures in the PCM
side, where observed with a time delay of 2 and 3 hours respectively, after reference side peaks
been achieved. This data is very important due to the potential of peak shifting energy
consumptions to periods when energy’s less expensive.
Considering the heat flux, from wall surface to the room, difference between PCM and
reference room calculated per wall and floor area presented in Table 5.7.5, and taking as an
example a room between 12 to 16 m2, the possible cooling power savings with this system
would be around 15% (valid only for the period analyzed). Considering a fan or AC supply of
1000 W and 0.1143 €/kWh (Portuguese energy price), up to almost 2 c€/h could be saved.
Another important feature of the system is shown in Figures 8 and 9, where the relative
humidity (RH) of both spaces is compared. Not only has the PCM side presented, in general,
lower RH for both colder and warmer temperatures but also its variation is narrower (RH
between 35-45% versus 30-50% during the hottest period and 53-62% versus 57-76% during
the coldest period). This data is important attending that for higher RH, higher condensation
problems may occur.
5.7.4

THERMAL MONITORING OF BUILDINGS JANUARY 2008- APRIL 2008

Thermal monitoring in full scale residential building was performed from January 2008 to April
2008, in Vila Nova de Familicão, Braga. The buildings had a high thermal mass typical for
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buildings in Portugal, with outer walls built in double panel “Monolite” system and inner walls
in single panel “Monolite” system.
The first stage of this phase consisted in the evaluation and comparison of both PCM and
reference systems performance, when subjected only to solar gains as heating source and with
no ventilation being provided.
Two houses (Reference and PCM) and two rooms in each house (Figure 5.7.5) were selected.
Within each house, one of the rooms faces north while the other faces south. Both walls and
ceilings in each room were plastered. Table 5.7.8 presents the characteristics of both systems.

a)
b)
Figure 5.7.5. Selected Reference and PCM rooms in the a) Southern façade and in the b) Northern façade.
Table 5.7.8. Residential building system characteristics
Reference (MA)
North
South
Room
Room
17
21.5

Property
Room area (m2)
Total plastered area (m2)

54

Gypsum plaster used (kg)

62
60

PCM used (kg)
Plaster specific consumption (kg/m )
2

54

62
40

--2

Studied (PCM)
North
South
Room
Room
17
21.5

--0.52

10
0.35

PCM specific consumption (kg/m )

---

---

0.086

Storage capacity (Wh/m2)

---

---

3.3

.

The four rooms were instrumented as shown in Figure 5.7.6, with thermocouples in the walls,
ceiling and double glass window surface. Outside and room temperatures are also monitored. In
the north façade rooms, an oil radiator (2500 W nominal power) was placed in order to work as
an external heat source providing the extra necessary heat to increase temperature above melting
range of the PCM.
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Figure 5.7.6. Schematic view of instrumentation placed (reference south room)

The set of measurements carried consisted in outside, inside and walls surface temperature
monitoring, for the south façade rooms depending only on solar gains and for the north façade
rooms depending both on solar and the external heat source, according with heating cycles
shown in Table 5.7.9. All doors were sealed with expanded polystyrene (5 mm thick) and
polyurethane foam and no ventilation were provided.
Table 5.7.9. Heating cycles carried on the north façade rooms
ON
OFF

00H00
02H00

04H00
06H00

Heating Cycles
08H00
12H00
09H00
13H00

16H00
17H00

20H00
22H00

Results for rooms in both façades are shown in Figures 7 and 8.

OUT REF

OUT PCM

IN REF

IN PCM

GLASS REF

GLASS PCM

30,0

Temperature (ºC)

25,0
20,0
15,0
10,0
5,0
0,0
05-03-08 05-03-08 06-03-08 06-03-08 07-03-08 07-03-08 08-03-08 08-03-08 09-03-08
00:00
12:00
00:00
12:00
00:00
12:00
00:00
12:00
00:00
Date

Figure 5.7.7 In-situ outdoor, indoor and glaze temperature profiles, for the south façade rooms
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OUT REF

OUT PCM

IN REF

IN PCM

GLASS REF

GLASS PCM

30,0

Temperature (ºC)

25,0
20,0
15,0
10,0
5,0
0,0
05-03-08 05-03-08 06-03-08 06-03-08 07-03-08 07-03-08 08-03-08 08-03-08 09-03-08
00:00
12:00
00:00
12:00
00:00
12:00
00:00
12:00
00:00
Date

Figure 5.7.8. In-situ outdoor, indoor and glaze temperature profiles, for the Northern façade rooms.

From Figures 7 and 8 is clear that no significant difference was so far verified between
Reference and PCM rooms. The low winter solar gains and consequently PCM room
temperatures below PCM fusion temperature (around 20 ºC), inhibit the PCM to change its
state, from solid to liquid, therefore regulating temperature.
High thermal inertia introduced by the PCM is however verified, with higher temperatures
being achieved in the PCM rooms for both façades. As regard for Figure 5.7.8, it is clear that no
sufficient cooling is provided in order to permit the PCM full transition to solid state. As stated
earlier, the “Monolite” system, provides both good thermal insulation, due to its single/double
polystyrene foam layer but also and unlike Adiabatic test cell, high thermal mass due to the
filling concrete structure, in the double layer walls and both inner and outer mortar lining.
Based on the results achieved so far, night ventilation may be necessary to promote PCM
solidification and that way evaluate the thermal behaviour of both solutions. The installation of
energy meters side by side with the already installed thermocouples, will also allow temperature
and energy consumption control and comparison. In one way it will be possible to measure
temperature fluctuations and time delays in both rooms when the same external heating power
source is provided but also heat provided for the same desired room temperature.
5.7.5

SUMMARY

Phase change materials have proven to be an interesting and efficient solution to thermal energy
storage in several research fields and applications, with great success being achieved in
particular areas such as refrigerating equipments, solar panels or radiating floor systems.
Regarding material applications, the increase of lightweight buildings thermal mass by its
incorporation in wallboards, plaster and concrete has been studied.
One of the limitations of the present work is the small amount of PCM incorporated, in
respect with the total thermal mass of the building, in order to produce significant results. The
high production cost of the PCM may inhibit higher incorporation content in the final plaster
and generalized use, concerning the traditional Portuguese constructive techniques. Also, it
would significantly reduce mechanical properties regarding the EN-13279 standard.
Other limitations are associated with the achievement of comparable temperature and energy
consumption profiles. Different construction systems and materials (for example double brick
walls versus thermally insulated concrete “monolite” systems) may request more than one PCM
phase transition range to be fully effective and require experimental time ranges sometimes not
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achievable, especially concerning different weather conditions throughout seasons (for example
winter versus summer). While limiting a particular research, this also opens possibilities for
further investigation, concerning a specific system optimized both for cooling and heating
purposes.
This research work aiming the development of a gypsum plaster based in conventional
construction techniques had the opportunity to test the system in a real residential building in
order to evaluate and verify its feasibility. Results in test cells allowed stepping with further
confidence into the real application.
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6.1.1

INTRODUCTION

The New Energy Policy was adopted by the European Council in spring 2007 (EC2008). Later
in December, 2008 the European Parliament adopted a number of measures designed to: establish a new energy policy, combat climate change, and boost the EU’s energy security and competitiveness. This integrated climate change and energy policy (EU 2002) aims to ensure that
Europe has a sustainable future based on a low-carbon, energy-efficient economy. The ambitious targets of the agreement were identical with the Action Plan on the energy-efficiency of
European Commission that introduced the goal to limit raise of the global average temperature
to 2°C, compared to pre-industrial level (EU2007a). To achieve this, the EU is promoting a goal
of 30% reduction in greenhouse gas emissions by 2020, compared to 1990 levels, in developed
countries. Further, it has made an independent commitment to achieve at least 20% reduction.
The targets for various measures up to 2020 in the EU include:
- 20% improvement of energy-efficiency of cars, buildings and appliances, and especially
- 30% reduction of final energy use of buildings
- 20% share of renewable energy in average
- 10% share of biofuels
- ≈0% emissions of new power plants.
The carbon dioxide (CO2) is dominant among the greenhouse gases (GHG). A major part of
CO2 emissions is related to energy, either to production or consumption, and combustion of
coal and oil fuels is the main emitter. The Kyoto protocol states a goal to reduce the amount of
six Greenhouse gases at least by 5% by the year 2012 compared with the year 1990; the EU-15
countries have agreed a target of 8%.
Technologies that could reduce global CO2
emissions from energy combustion

Energy
Efficiency

38

Fossil fuel
switch

36

Renewable
energies

Gt CO2-eq

34
32

Nuclear energy

30
28

Carbon capture
and storage

26
24
22
2005

2010

2015

2020

2025

2030

Remaining
CO2 emissions

Figure 6.1.1. Potential of various technologies to affect globally to GHG emissions.
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According to the communication of Commission of the European Communities (2007), most
technologies to reduce GHG emissions either exist or are at an advanced stage of preparation
and can reduce emissions (see Figure 6.1.1). This view concerning the construction sector has
been stated by the Intergovernmental Panel on Climate Change, too (IPCC 2007).
For the EU, reducing overall consumption of energy is of great importance due to commercial and political reasons, too. The European Environment Agency calls the situation as “twinchallenges of climate change and energy supply security” (EEA 2006a). Dependence on the imported primary energy is expected to grow up to 70% in 2030 when it is nowadays 54% (Commission of the European Communities 2001, EEA 2008). In the EU, use of the residential and
tertiary sector buildings consumes roughly 40% of total final energy use. Their energy needs
are satisfied mainly by oil and gas - around 60% - whose import dependence e.g. on Russian
sources is great.
From the points of views of sustainable construction, the “twin-challenges” are only a part
of the picture: the fossil fuel depletion is a serious environmental load. In the Life-CycleAnalysis of a building, the energy used in the construction process comprises the direct energy
used on the construction site and the indirect energy used in the manufacture of the building
materials. The indirect energy component, known as embodied energy of materials, is increasingly being considered because manufacture of construction materials uses about 1/3 of all energy used in industries. Also, the relative importance of the embodied energy is rising when
energy consumption for operation of buildings is reducing.
For all these reasons, improvements in the energy-efficiency of the European construction
sector, and especially that of the existing building stock, are important for the sustainability of
the construction sector. Among the measures to response the challenges, the EU is expanding
the scope of the Directive on Energy performance of buildings and introducing EU performance requirements that promote concepts of very low energy and neutral energy buildings.
The purpose of the paper is to give an overview on the energy consumption and energyrelated emissions of the European building stock, and technologies available to respond to the
challenge of major savings. Further, the state-of-the-art of methods to verify the energy performance of buildings as a part of a sustainability assessment is studied. The methods of the
study are surveys on statistics and literature.
6.1.2

ENERGY, EMISSIONS AND BUILDINGS IN PRACTICE

6.1.2.1 Statistics about energy and buildings
The European buildings are argued to be responsible of around 40% of the total final energy
consumption. However, this proposition of consumption consists of two parts: operation of
technical systems (heating, cooling, ventilation, warm water) and use for work and living
(lighting, appliances, elevators, computers, home entertainment, saunas). The importance of
this separation is due to the role of users; in particular the latter part is highly dependent on
user’s behavior and aspirations.
The overall energy consumption is as such an important factor of greenhouse gas emissions:
energy-related greenhouse gas (GHG) emissions account for 80 % of the total emissions (EEA
2008). Decreasing energy demand of operation and use of buildings is thus beneficial in any
circumstances. On the other hand, production and sources of energy are extremely important
for the impacts that are commonly and shortly addressed to “buildings”. The largest emitting
economic sector in Europe is electricity and heat production, and transport follows. Both of
these sectors affect in turn the energy use of the “built environment”.
Several approaches have been developed in recent years in order to support the demanding
political decision-making. The European Environment Agency EEA has introduced a set of energy and environment indicators that are a part of the EU’s indicators for sustainable development (EEA 2006b, Eurostat 2009). These indicators include e.g. final energy consumption by
sector, greenhouse gas intensity (including carbon intensity), and total energy consumption by
fuel/energy source.
The energy consumption in and of buildings is one category in statistics that in common apply three main categories (“sectors”) of Industry, Buildings and Transport. The category of
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buildings excludes industrial buildings, and consists of two subdivisions: residential and tertiary, or households and service sector. The tertiary or service sector includes offices, wholesale
and retail trade, hotels, restaurants, schools, hospitals, sport halls, indoor swimming pools etc.
In Table 6.1.1, the final energy consumption in the EU is presented. (One should take a notice that there are slight differences between various EU documents, and starting from the Eurostat or national statistics is recommended; further, the statistics tend to become more precise
over time.) In figures, the negative sign of dependence shows net export of energy, and the
Figure 6.1.above 100% is caused by situation of stocks. The proportions of households and
services of the final energy consumption is calculated here based on the total energy consumption by country shown in the reference statistics.
Table 6.1.1. The import dependency of gross inland consumption; total and per capita CO2 emissions; final
energy consumption of households and services; and proportion of space heating inside these two sectors.
(The temperature correction is not taken into account)
Country

CO2 emissions
in 2006
(EC 2009)
Total

BE
BG
CZ
DK
DE
EE
EL
ES
FR
IE
IT
CY
LV
LT
LU
HU
MT
NL
AT
PL
PT
RO
SI
SK
FI
SE
UK
All

Per capita

Import
dependency
(EEA
2008)
2006

Mt

tn

%

150
55.9
129
63.6
910
16.7
122.3
395.9
429.8
50.6
503.8
9.7
9.1
15.1
13.3
61
5.3
239
79.1
332.7
68.4
111.5
17
40.1
71.3
60.7
597.2
4560

14.2
7.3
12.6
11.7
11
12.4
12
9
6.8
11.9
8.5
12.5
4
4.4
28.2
6.1
13
14.7
9.6
8.7
6.5
5.2
8.5
7.4
13.5
6.7
9.9
11

77.9
46.2
28
-36.8
61.3
33.5
90.9
71.9
81.4
51.2
86.8
102.5
65.7
64
98.9
62.5
?
38
72.9
19.9
83.1
29.1
52.1
64
54.6
37.8
21.3
53.8

Final Energy Consumption in households and services in 2006, and its proportion of total consumption of all sectors (Mtoe = Million tons of
oil equivalent; and 1 Mtoe = 11630 GWh or
41868 TJ according to IEA)
Households &
HouseProporServices
holds
tion of
alone
houseTotally
Proporholds
tion
Mtoe
%
Mtoe
%
14.1
3.4
10.5
7.4
104.1
1.4
8,7
27,2
72,1
4,9
48.4
0.6
2.3
2.2
0.7
9.8
0.1
21.8
10.3
30
5.7
10.9
1.7
4.3
8.4
11.9
60.9
483.9

36.9
34
40.1
47.4
46.7
50
40,5
27,9
45,7
37,7
37
33.3
54.8
46.8
15.9
54.7
20
42.9
38.4
49.3
30.8
44.1
34.7
40.2
31.5
35.8
40.5
41.1

8.9
2.2
6.5
4.4
69.1
0.9
5,5
14,8
44,6
3,1
29.9
0.3
1.5
1.4
0.6
6.2
0.1
10
6.6
19.2
3.2
7.8
1.2
2.3
4.9
7
42.1
304.3

23.3
22
24.8
28.2
31
32.1
25,6
15,2
28,3
23,8
22.9
16.7
35.7
29.8
13.6
34.6
20
19.7
24.6
31.6
17.3
31.6
24.5
21.5
18.4
21.1
28
25.9

Space heating alone of
energy consumed inside the respective
sector 2004 (EC
2007)
HouseServices
holds

%

%

77
77
67
77
72
76
55
75
68
68
0
78
75
73
71
0
68
74
75
18
72
0
59
51
60

69
75
45
47
41
63
20
55
61
62
0
91
58
47
68
0
81
62
75
36
62
61
64
47
57

In average, the operation and use of buildings account roughly for about 40% of total final
energy consumption; this Figure 6.1.includes all energy consumption. The division between
households and services is roughly 60 and 40%. Inside these statistical sectors, control of the
indoor temperature consumes the major part of energy (traditionally heating dominates). Table
6.1.1 shows thus some directions for planning of technical improvements of the European
building stock but true impact analysis needs also data about energy mix.
Six countries with the greatest numbers of population account for 820 Millions tons of
equivalent oil (Mtoe’s) as the final energy consumption out of 1177 which makes 70%. These
countries are Germany, France, Italy, Poland, Spain and the U.K. The same countries account
for 3070 Mt’s of CO2 emissions that are about two thirds of the total amount of 4560 Mt’s.
When the efficiency of various energy saving measures is studied, differences between
macro-economic indicators of countries cannot be overlooked, like energy sources used for
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space heating, green house gas intensities and import dependency. The “energy profiles” produced and published by Eurostat give detailed information by fuel how the final energy is supplied to the various sectors (Eurostat 2009). However, further data would be still be needed
how e.g. use of electricity is divided to operation and use of building. The average European
values are more indicative, and give information about trends at the EU level (Table 6.1.2). The
new data shows that a reduction in energy consumption took place in EU27 in 2007 on which
b
the German taxation policy had a great influence (EEA 2009 ).
Table 6.1.2. Proportion of households and services sector in final energy consumption by fuel in EU27 in
2006 (Eurostat 2008). About conversion coefficients see Table 6.1.1.
Final energy
demand by fuel

Solid fuels
Petroleum products
Natural gas
Electricity
Derived heat
Renewables
Else
Total

Total final
energy
demand

Residential
buildings
alone

Buildings
(residential and
tertiary)

Mtoe
55
496
268
243

Mtoe
9.9
53.2
120.3
69
20.1
32.9

Mtoe
12.5
74.1
174
137.4
29.8
36.5
17.3
481.6

59
1175

Share of energy sources
used for
buildings
%
2.6
15.4
36.1
28.5
6.2
7.6
3.6
100

Proportion of
buildings
by fuel
%
22.7
14.9
64.9
56.5

Proportion of
buildings
of the total final energy
demand, %
1.1
6.3
14.8
11.7

61.9

3.1

6.1.2.2 Energy indicators of the European building stock
The energy indicators of buildings are related on the other hand to the typologies of the building stock and on the other hand to social and demographic information. For example, increasing wealth, decreasing size of households and increasing usable area per person indicate that
the overall consumption of households would still increase. The slow replacement of old
building stock - only 0.07% in average - is a factor that supports this trend.
In analysis of various retrofitting needs of buildings, it is common to classify the building
stock into age groups according to the completing years. This approach is justified due to the
similar building technologies. Table 6.1.3 gives basic information for energy-related indicators
of the building stock. However, the official national statistics should be used in studies because
there are differences between sources; the UNECE and Boverket have some great differences.
The number of dwellings in EU-27 is about 215 millions, of which about three fourths is
concentrated in six countries: Germany (18.0%), Italy (12.3%), UK (11.9%), France (13.7%),
Spain (9.7%), Poland (5.5%).
There is a significant difference between occupied (treated) floor area and the total area.
Again, one should have a real data about the heated area when indicators like consumption per
m2 or m3 or the potential of energy savings are evaluated. For example, in Finland there is a
stock of secondary houses that is more and more used also during the winter time, and thus
heated to some extent.
Several European studies have been performed concerning indicators and data needed for
the evaluation of the energy performance of buildings. As the most accessible data concerns
residential buildings, the work has very much concerned to it. The list of Odyssee project is
similar with the indicators used in practical assessments (Odyssee 2007):
- Unit consumption per households (total, for various purposes, per m2, with climatic corrections, in useful energy)
- Energy efficiency index
3
- Specific consumption of new dwellings (per m , flat, houses)
- CO2 emissions (direct, total, per dwelling, for space heating)
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Table 6.1.3. Characteristics of European building stock related to energy (UNECE 2007, Boverket 2005)
Country
BE
BU
CZ
DK
DE
EE
EL
ES
FR
IE
IT
CY
LV
LT
LU
HU
MT
NL
AT
PL
PT
RO
SI
SK
FI
SE
UK

Population 2008
(EU
2009)
x103
10 667
7 640
10 381
5 476
82 218
1 341
11 076
45 283
61 876
4 401
59 619
789
2 271
3 366
484
10 045
410
16 405
8 332
38 116
10 618
21 529
2 026
5 401
5 300
9 183
61 186

Dwellings in total
Number
Millions
4.8
3.7
4.3
2.6
38.9
0.6
5.5
20.9
29.5
1.4
26.5
0.3
1.0
1.3
0.2
4.1
0.1
6.8
3.3
11.8
5.3
8.1
0.8
1.7
2.6
4.4
25.6

Total area
per person, m2

Age distribution of the housing stock (Boverket 2005)
< 1919

1919 1945

1946 1970

1971 1980

1981 1990

> 1990

86.3

15.0

16.5

29.0

15.2

9.2

15.1

76.3
109.1
89.7
60.2
82.7
90.0
89.6
104.0
90.3
55.4
60.6
125.0
75.0
106.4
98.0
92.9
68.2
83.0

10.9
20.2
14.6
9.4
3.1
8.9
19.9
9.7
18.0
11.0
6.2
11.9
13.9
14.9
7.1
18.6
10.1
5.9

14.7
16.9
12.6
14.2
7.2
4.2
13.3
8.2
19.0
7.4
13.8
23.3
14.8
12.5
11.0
13.2
8.1
13.1
8.5

26.3
28.3
47.2
30.0
31.8
33.5
18.0
16.4
47.3
16.9
27.7
33.1
27.0
26.1
29.4
30.9
27.4
26.9
22.9

22.5
17.6
10.9
21.5
24.5
24.1
26.0
17.5
18.2
20.7
22.6
17.6
14.9
22.3
16.9
18.9
15.9
18.3
18.3

16.4
9.7
14.6
19.6
19.1
13.6
10.4
16.2
9.4
27.4
21.1
13.5
11.6
17.7
15.8
29.8
12.4
18.7
44.4

8.2
7.4
5.3
14.3
15.7
12.4
31.9
7.1
27.1
3.7
6.3
17.1
7.4
11.8
17.6
12.9
-

75.0
56.1
77.0
91.6
86.9

15.3
3.4
1.6
12.4
20.8

7.9
6.6
8.8
20.2
17.7

28.1
35.1
30.6
33.1
21.2

23.6
25.6
23.4
17.4
21.8

16.2
21.0
20.0
9.7
18.5

8.7
6.8
14.4
7.2
-

Data and information needed in evaluation of energy used in the building stock can be
found more frequently in publications, based on several European and international projects
and networks, like e.g. International Energy Agency IEA (2007), European Programme for Intelligence Energy Europe IEE in the Competitiveness and Innovation Framework Programme
(IEE 2007), European Framework Programmes for Research (especially Themes for Environment and Energy) and COST Actions.
6.1.2.3 Potential of energy-efficiency of buildings
Energy saving in the European building stock is a paramount effort of the construction sector
at the moment. Three types of objectives exist: reduction of total final energy consumption up
to the amount that is consumed for operation, reduction of energy-related greenhouse gas
emissions and savings up to 80% of the operational costs. Energy-efficiency is a central part of
the European Economic Recovery Plan (Commission 2008) that channels funding to R&D activities, too.
Estimated amounts of the greenhouse gas emissions from buildings and their use vary in
large ranges in presentations and publications. The highest estimation says “Energy use in
buildings accounts for about 70% of the total CO 2 emissions associated with the use of energy
in the City of Toronto (Harvey 1994). In EU27, residential and service sector buildings account
less than 20% of GHGs when the production of electricity and district heating is not taken into
account (EEA 2008). However, one EraBuild report tells about “the importance of reducing energy consumption in buildings - responsible for over 40% of Europe's greenhouse gas emissions” (Itard et al 2008). Many publications tell about USA that buildings account close to half
of CO2 emissions. The differences in data are in common caused by the method how electricity
consumption is taken into account but there are also differences in ways the statistical data is
collected and recorded. Figure 6.1.2 presents the context in which the energy consumption and
energy-related GHG emissions are considered.
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Figure 6.1.2. Context to identify energy-related problems and opportunities.

In European statistics – based on official statistics of the Member States – energy-related information is based on measured data on production and consumption. GHG or CO 2 emissions
can be calculated based on source of energy. Macro-economic data is however only indicative
with respect to potential of technical improvements in the building stock. Several studies have
been conducted in order to combine the relevant technical information about buildings with the
energy consumption data.
Reduction of energy consumption in buildings and its environmental and economic impacts
can be studied through various scenarios and by the aid of various frameworks (Figure 6.1.3).

Figure 6.1.3. System analysis – covering the whole energy chain (DTU 2008).

The CO2 emissions of residential buildings in the EU27 were 10% of total energy-related
emissions and those of service sector 6% in 2005 (EEA 2008). In these figures, energy and heat
production is excluded; its share was 27%. The tons of CO2 equivalent per a ton of oil equivalent of energy vary according to the energy sources; for more information see e.g. the Report 8
b
of the EEA (2006 ).
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The greenhouse gas emissions from energy consumption in buildings have been decreasing
at a longer run in Europe (Table 6.1.4). This is partly due to improved efficiency of the building stock, but also that of appliances and equipment.
Table 6.1.4. Greenhouse gas emissions from energy use in buildings (services and households) in EU27,
except electricity; proportion of all the GHG emissions (EEA 2009)
Statistical sector

Share of total
GHG

Share of total
GHG

3.5
8.7

3.1
7.7

Services
Households

Change in years
1990-2007
2000-2007
- 17.8
- 17.3

- 5.0
- 11.6

Reducing growth in electricity consumption will be crucial from an environmental viewpoint, especially for consumption from fossil-fuel based electricity. Two to three units of energy input are needed for producing one unit of electricity form fossil fuels with the rest being
lost in the process, unless the heat is recovered in combined heat and power process.
6.1.2.4 Embodied energy of a building
Embodied energy is the energy consumed by all processes associated with the production of a
building, from the acquisition of natural resources to delivery, and to the maintenance and repair activities during the operational phase. Example of embodied energy in low-energy casestudy buildings in Sweden, Norway and Denmark is shown in Figure 6.1.4. Research has
shown that the embodied energy content of a building can be the equivalent of many years of
operational energy. Basic information can be found in literature and databases (Table 6.1.5).

Figure 6.1.4. Example of the breakdown of embodied and operational energy in a building (Thormark
2002)
Table 6.1.5. Example of embodied energy of a composite steel beam and concrete slab
(steeluniversity 2007).
Energy, GJ m−2
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The importance of embodied energy calculations is increasing for two reasons: saving natural material resources increases gradually the recycling and reuse content in buildings, and reducing the total energy consumption in operation of buildings changes the share of embodied
energy.
6.1.3

ENERGY PERFORMANCE OF BUILDINGS

6.1.3.1 Thermal performance characteristics
Knowledge on the energy-performance of buildings is needed for evaluation of the potential of
energy-savings of existing buildings and for verification of the thermal performance of a new
building during design process. The main interest is nowadays in the overall consumption in
the context of indoor climate; in other words “energy conversation and thermal comfort”. This
approach means that performance and interaction of all systems of a building have to be dealt
at the same time (Figure 6.1.5).

Figure 6.1.5. Development of calculation methods and requirements in Germany since 1995 for a typical
single family house in Germany (Koukkari et al 2003).

As long as the construction technologies were based on natural ventilation, air leakages and
varying indoor conditions, development of thermal performance was concentrating solely to
envelopes. For that reason, tested values of thermal and moisture properties of materials and
structural solutions, or calculations based on them, became gradually regulated. In academia,
the building physics was applied to thermal performance calculations already in the beginning
of 19th century.
Prescribed coefficients for heat transfer, so-called U-values (unit W/m2K) for the building’s
envelopes – floor, walls and roof – are used in many countries as the principal criteria for design. Nowadays, there are calculators available in the web. Also, “typical” U-values can be
found there. In some countries, a more holistic ’Energy Performance’ (EP) regulation was used
(the calculated energy consumption of the building, usually expressed in kWh/m2).
The year of building construction provides useful insight with regard to the type of envelope
construction. On the other hand, the history of U-values is also usable when potential of energy-savings is estimated. U-values as such do not tell about the energy-consumption unless the
climatic conditions and the consumption patterns are not taken into account. This holds especially the Southern countries in which only recently the heating and cooling demands have increased. Further, the regulated U-values can in many ways differ from the actual values of
buildings, to both directions.

264

Part II – Eco-efficiency
______________________________________________________________________________________________________

More than half of the existing residential buildings in EU-25 were built before 1970 and
about 1/3 of the dwellings were built during the 1970–1990. On an average, new European
dwellings are about 60% more energy efficient than the ones constructed before the first oil crisis in the 1970s, and consume 28% less than dwellings built in 1985. Actually, the most significant improvement was observed after 1990 due to the stricter measures taken by several EU
member states and the introduction of higher energy standards in the mid-1990s. As a result,
dwellings built in 2002 consume 24% less than dwellings built in 1990.
The Directive on Energy Performance of Buildings EPBD (EU 2002) has adopted an integrated approach that is similar to the Construction Products Directive, CPD. In the reasoning of
the EPBD, the estimation of the saving potential of 22 % by the year 2010 is based upon savings in all consumption areas, namely heating, hot water, air-conditioning and lighting. The Directive concerns the residential sector and the tertiary sector (offices, public buildings, etc.).
The key points of the Directive concerning structures are:
- Common methodology for calculating the integrated energy performance of buildings
- Minimum standards on the energy performance of new buildings and existing buildings
that
are subject to major renovation
- Systems for the energy certification of new and existing buildings and, for public buildings.
The status of the implementation of the EPBD to the national regulation in the Member
States is presented at the EU’s official webpage buildingsplatform.eu, where country reports
summarize the development and give links to the national regulations and tools. Several projects have been conducted based on the new databases that utilize information collected for the
certificates, e.g. under the CIP Framework Programme’s Intelligent Energy Europe Programme.
A proposal for the revision of EPBD was presented by the European Commission in November 2008. This proposal of the EPBD recast recommended that all EU Member States endorse national plans and targets in order to promote the uptake of very low and close to zero
energy buildings. It became indorsed in June 2010 (EU 2010). The new legislation underlines
the importance of creating an energy efficient building stock as a pivotal part in the creation of
a sustainable urban environment.
The aim of the EPBD recast is to clarify, strengthen and extend the scope of the 2002 directive, as well as to reduce the large differences between Member States' practices in the building
sector. Overall, its provisions cover energy needs for space and hot water heating, cooling,
ventilation and lighting for new and existing, residential and non-residential buildings. Net zero
energy buildings are now the goal within the action plan for new buildings.
6.1.3.2 Modeling and simulation
Modelling and simulation based on building physics and thermodynamics are sophisticated
methods for analysis of components, structures, buildings or even building stocks. They are
extensively used in calculating heat losses and temperatures in buildings, in order to verify
thermal performance during a design process. There are hundreds of software tools and guidelines on the market.
Data for an energy simulation is basically the same as that for simplified energy calculation.
Before carrying out the simulation, one must collect information about the local climatic data,
building design, air-conditioning system and control method. The local outdoor climatic conditions over a year are an important piece of information and it is better to have the hourly values
of the climatic data. This data is often recorded in a typical year. If the weather data for a particular location is not available, it may take a lot of efforts to collect and establish this data.
The dynamic simulation of building energy consumption focuses on the hourly variations of
the outdoor climatic conditions and the indoor design criteria about temperature and humidity.
The air-conditioning loads and energy consumption for 8760 hours in a year or for several
years are determined. Beside the part-load energy consumption, the maximum load over the
year(s) will also be included.
The modelling methods are used also to analyse the condition of a building stock in an area,
suburb, city or a country, and further to assess the needs and solutions of technical improve-
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ments (Figure 6.1.6). In a model, typical buildings are rated for specific annual energy consumption per m2, and then the surface of each age-class is multiplied by the specific annual energy consumption to predict the overall consumption (Kohler & Hasler 2002). Other factors
and indicators can be chosen for modeling, especially when trends and impacts are studied like
in Erabuild report about renovation market. Validation of these models can be achieved by
comparing the sum of estimated consumption to the statistically known building energy consumption.
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Figure 6.1.6. Identification of potential of energy-efficient of building stock by modeling.

6.1.4

STRATEGIES TO IMPROVE SUSTAINABLE CONSTRUCTION

6.1.4.1 District level solutions
Research and development as well as demonstration and dissemination programmes of the
European Unions various organisations are emphasizing district and community level policies
and solutions for energy-related challenges. Europe has launched various programmes such as
ECO-BUILDINGS (more than 100 projects from FP 5, FP 6 and FP 7 in many different European cities), CONCERTO (18 projects covering 46 different CONCERTO communities), SAVE
projects in Intelligent Energy Europe (in total about 50 projects), ERACOBUILD , as well as a
number of related national programmes.
In European Action Plans aiming at improved environmental performance of products and
services, integrated approaches are favoured. In energy-efficiency – and overall sustainability –
urban planning approaches play an important role.
Integrated research and development is requested also in the implementation of the European Economy recovery Plan through the Framework Programme 7: “Research on the application of technological, design and organisational improvements at district-level with the aim of
reducing the energy and resource consumption” is expected.
6.1.4.2 Passive and zero-energy building concepts
The energy-efficiency goals of buildings have been studied in the context of the whole
building stock and built environment. There are arguments that only the zero-energy or energy
neutral solutions of new buildings will have the desired impact to the needs of absolute savings; less stringent goals of new building means savings of 50-80% in space heating compared
the average level of current use. Various concepts have been developed in many countries. For
example, NREL participates in the United States in “creation of the technology and knowledge
base for cost-effective zero-energy buildings by 2025. A zero energy building is defined in the
following way (NERL 2007): “…produces as much energy on-site as it consumes on an annual
basis, primarily through energy efficiency with any small remaining loads met by photovoltaics
and other solar energy technologies”. The Energy Research Centre of the Netherlands gives a
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definition of a zero-energy house that “annually the energy demand can be met by locally generated renewable energy” (Opstelten et al. 2007).
In fact, low energy buildings are known under different names across Europe. A survey carried out in 2008 by the Concerted Action supporting EPBD identified 17 different terms in use
to describe such buildings used across Europe, among which the terms low energy house,
high-performance house, passive house/Passivhaus, zero carbon house, zero energy house, energy savings house, energy positive house, 3-litre house etc (Commission 2008). In the relevant
literature additional terms such as ultra-low energy house can be found. Finally, concepts that
take into account more parameters than energy demand again use special terms such as ecobuilding or green building. Variations exist not only as regards the terms chosen, but also what
energy use is included in the definition. Ideally, the minimum performance requirements
should take into account all types of energy use that is demand for space heating (cooling), water heating, air conditioning as well as consumption of electricity. This is often not the case. On
the contrary, the definition may cover only space heating ignoring all electricity demand that
may cover most heating needs for instance in office buildings. The following illustration on selected low energy performance standards shows the different scopes and calculation methods:
A Passive House concept has been under development since the 90ies. The Passive House
Institute has given a definition that it is “a building in which the heat requirement is so low that
a separate heating system is not necessary and there is no loss of comfort” (Feist 1997).The
concept is gaining more and more support among practitioners and stake-holders, as it introduces clear targets for energy-consumption in technical terms. In total, more than 6.000 houses
have now been built in Germany and elsewhere in central Europe (for example Austria, Belgium, Switzerland, Sweden) which conform to the Passivhaus standard. The standard fundamentally consists of three elements: i) an energy limit; ii) a quality requirement; iii) a defined
set of preferred Passive Systems with cost efficiency.
The Passive House has a heating demand of 15 kWh/m2 floor area per year, whilst the total
primary energy use in the house is restricted to 120 kWh/m2 per year (see Figure 6.1.7).
For the Northern Scandinavia and other countries with cold climates, a more flexible definition of the Passive House concept is set. For Southern climates (<40° latitude), where passive
cooling is more dominant, a second addition to the definition should be made:
- Nordic passive houses (> 60° northern latitudes)
- Central European passive Houses (40° - 60° northern latitude)
- Mediterranean passive houses (IEE project Passive-On < 40° northern latitude)
According the most optimistic but still realistic scenario of the potential savings, the passive
houses are projected to realize a goal that exceeds the Kyoto target in the new building sector.
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Figure 6.1.7. Annual building energy use for space heating (net energy use for heating) for single family
houses in Germany (Koukkari et al 2007)

267

Integrated Approach towards Sustainable Constructions
______________________________________________________________________________________________________

6.1.4.3 Uptake of new technologies for energy–efficiency
According to the survey of the IPCC (2007), there is a broad array of accessible and costeffective technologies and know-how to reduce energy losses during the operation of buildings. Several other projects and political communication are in agreement with this view; for
example ENPER– Project (2007) concludes: “With respect to the 2020 horizon, there is a need
for innovative concepts in terms of a large-scale market implementation of well-proven technologies (thermal insulation, efficient boilers, heat pumps, energy-efficient ventilation, efficient
lighting, use of renewables, etc). No new major technological innovation is required.”
However, at the longer run there are needs of technological innovations. The novel solutions
are searched from rapid developments of material sciences and technologies as well as minituarizing of monitoring technologies.
Microprocessors can be used to control solar thermal and photovoltaic systems, heat storage,
sun-shading, ventilation and back-up heat, and provide electrical power management. Energy
management use computer-based monitoring systems to optimize the performance and interaction of systems, and more often the various systems are interacting as an intelligent building.
They integrate monitoring and control of heating and cooling systems, lighting, building envelope shading, elevators, security, fire control systems and many other subsystems.
Recent research has shown that the savings potential of advanced control systems alone is of
the order of 190 PJ of primary energy per year in the whole Dutch built environment, and 12
Mtoe CO2 emission reduction (Opstelten et al. 2007). The control systems are classified as environment-adaptive, user-adaptive and user-educational (interactive), and the latter one is an
evolving area. It requires simultaneous simulation and extending the current software tools.
Table 6.1.6. Examples of the advanced and alternative technologies for buildings
Potential
Modified natural solutions

Targeted technical effects
- increased/empowered ventilation
- cooling with cold water
- passive solar shades
- green roofs and facades
Advanced materials
- energy storing, dissipation,
- smart materials, phase changing materials, thermoelectric materials
- high-reflectivity, cooling (new hybrids)
- use of solar energy (space heating, water heating)
- high-efficiency lighting
- insulation materials
Table 6.1.6. Examples of the advanced and alternative technologies for buildings – cont.
Potential
Advanced facades and roofs

Advanced windows

Integrated design
Integrated products
Intelligent building technologies
Industrialized production

Targeted technical effects
- reduction of heating or cooling needs
- light-weight and free forms
- reduction of thicknesses (e.g. vacuum solutions, Hastings 2004)
- minimizing or selecting the infiltration of outside air
- building integrated photovoltaics (to produce electricity and also
act as a building material)
- reduction of heating/cooling needs (multiple, superior, selective or
vacuum glazing)
- control the amount of solar heat that passes through the window
glass (electrochromic or "smart" windows)
- motorized blind or shades
- effective use of ambient energy sources and heat sinks
- effective control strategies (integrated design of windows and
HVAC systems)
- use of massive structures (floors, facades)
- technical services integrated in the core structures
- multifunctionality (electricity, heat, aesthetic, structure)
- dynamic and adaptive overall management of systems
- educational control systems
- air-tight and easy-to-assemble connections
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There are several disciplines and industrial branches that are interested and involved in the
research and development work aiming at new solutions for the construction sector. The objectives and roadmaps developed among the various European Technology platforms give good
introductions to the advanced and alternative technologies. Similar concepts can be found in
several European projects (Table 6.1.6).
6.1.4.4 Strategic alliances and public-private-partnerships
Considering the huge politic efforts and investment of the European Union towards a more energy-efficient building sector as well as the industrial awareness of the urgency of the situation
it is expected a fast implementation of the EU energy policy.
A good example of this strong will is the document “Multiannual Roadmap and Longer
Term Strategy”, presented in December 2009 by the Ad-hoc Industrial Advisory Group of the
Energy Efficient Building European Initiative (E2B EI), Energy Efficient Buildings Association
(E2BA) and the European Construction Technology Platform (ECTP), and published by the
European commission in 2010 (EU 2010b).
The EeB PPP Roadmap defines research priorities and “wave” actions for industry assuming
that the knowledge gained in the first “waves” feeds into the successive of projects at the design stage, realising the continuous implementation of the process.
As a result of this “wave action” it is expected to achieve an impact following a stepped approach within a ten year time perspective, namely:
- Step 1: Reducing the energy use of buildings and its negative impacts on environment;
- Step 2: Buildings cover their own energy needs;
- Step 3: Transformation of buildings into energy providers, preferably at district level.
The EeB PPP Roadmap also identified several overlaps across the three application areas
(Existing Buildings, New Buildings and Districts/Communities) of the research priorities and
respective actions. Figure 6.1.8 shows the inter-relationship among the research challenges,
high-lighting those “cross-cutting challenges” which are relevant for more than one of the applica-tion areas. For instance, this is the case of “Energy Storage”, which is identified as “crosscutting challenge” as well as a specific challenge for Districts/Communities, or “Systems and
Equipment for Energy Use”, which is identified as a “cross-cutting challenge” as well as a specific challenge for New and Existing Buildings.
Although, it is clear that some of the cross-cutting challenges build on different requirements
and address different constraints, depending on the application area considered, the type of research required, including expertise and knowledge, is quite similar.
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Figure 6.1.8. Inter-relationship among research challenges (EeB PPP Roadmap).

6.1.5

CONCLUSIONS

Energy-efficiency of the European economy is a major political challenge that calls for changes
in all sectors of production and consumption. About 40% of energy is consumed in operation
and use of residential and service sector buildings, and a lion’s share of that consumption goes
for managing indoor climate (temperature, humidity, indoor emissions).
The greenhouse gas emissions counted for “buildings” are caused by energy produced and
consumed inside one building or a block of buildings, but also by energy that is produced at
distance, e.g. district heating and electricity. As a consequence, the purpose of energy use and
the way this particular energy is produced needs to be known in order to find roadmaps and
solutions for energy saving. This leads to the needs to model the energy performance in various types of building classes (typologies). The macro-economic statistical information is a
good basis for this kind of approach but it needs to be completed with actual and relevant data.
Several European projects have been performed aiming at reliable information about the true
market potential that is based on analysis of the building stock. New data is gathered nowadays
also from the energy certificates that are prepared based on implementation of the Energy Efficient Buildings Directive.
Research in Europe is done at several levels and from various points of views. District level
studies aim at integrated solutions of energy production and consumption; on the other hand,
behaviour of individual consumers is studied in relation to use of technical systems and selection of equipment. Uptake of new and emerging technologies and new innovations is high in
agenda which might support cost-efficient upgrading of the building stock. There are apparent
differences in energy consumption patterns between various European countries. Thus, many
projects are also dealing with technology transfer of best practices, and methods to take the
new technologies in use.
Improving energy-efficiency of buildings is a part of promotion of sustainable construction.
The other aspects of sustainability are also important for harmonious development of the
European built environment to fit with needs of users, society, economy and environment.
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6.2. Improving the energy efficiency on existing dwellings
Antonio Baio Dias
Centro Tecnologico da Ceramica, Coimbra, Portugal
baiodias@ctcv.pt

6.2.1

INTRODUCTION

Buildings are responsible for 40% of energy consumption and 36% of EU CO2 emissions. Energy performance of buildings is a key to achieve the EU Climate & Energy objectives, namely
the reduction of a 20% of the Greenhouse gases emissions by 2020 and a 20% energy savings
by 2020.
On 18 May 2010 a recast of the Energy Performance of Building Directive (EPBD)
2002/91/EC was adopted. This Directive, 2010/31/EU strengths the energy requirements for new
and existing buildings.
So when a refurbishment is planning is important to plan also the improvement of the energy efficiency of the building. Major renovations of existing buildings, regardless of
their size, provide an opportunity to take cost-effective measures to enhance energy performance. For reasons of cost-effectiveness, it should be possible to limit the minimum energy performance requirements to the renovated parts that are most relevant for the energy performance of the building.
This article presents the requirements of the regulations and the measures that could be taken
in order to improve the thermal and energy efficiency on existing dwellings.
6.2.2

REQUIREMENTS AND RECOMMENDATIONS

Each European country has they own requirements to reach the EPBD. In Portugal there are a
system for energy building certification SCE DL 78/2006 and a regulation for building thermal
performance RCCTE DL 80/2006. Based in those regulations the buildings are assessed and
classified according their performance.
6.2.2.2 Building envelope
Three different zones were established according to the winter climate requirements for the
building envelopes I1 (mid temperatures), I2 (low temperatures) and I3 (very low temperatures).
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Figure 6.2.1. Climatic zones for building envelope
Table 6.2.1. Thermal conductivity coefficients for external walls
U (W/m2ºC)

Maximum values

Winter Zone
I1

Winter Zone
I2

Winter Zone
I3

1,80

1,60

1,45

The heating losses by the building envelope are very important: Up to 35% of the heat is lost
through the external walls; up to 25 % of the heat is lost by the roofs; up to 15% of the heat is
lost trough the ground floor, up to 15% of the heat is lost trough the doors and up to 10 % of
the heat is lost trough the windows. This shows the importance of the thermal insulating of the
building.

Figure 6.2.2. Losses through building envelope

According to RCCTE, the building envelope must to have maximum values according to the
winter climatic zones presented in Table 6.2.1 and 6.2.2. In Table 6.2.1 are presented the reference and maximum values for the global thermal conductivity of external walls. For singular
points in external walls like concrete columns or lintels, classified as thermal bridges, the
maximum values must be less than the double of the current external walls.
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There are in the market good insulating materials that can be used to improve the thermal
performance of the building as mineral wool, polystyrene, polyurethane or expanded cork.

Figure 6.2.2. Examples of loft insulating solutions (Manual de Aplicação de Telhas Cerâmicas,, CTCV,
1998)

Figure 6.2.3. Examples of external Insulating: capotto system (left) and ventilated façade (right) (Manual
de Aplicação do Tijolo Cerâmico,, CTCV, 2009)

Table 6.2.2 presents maximum thermal conductivity values for roofs. If the building envelope has higher thermal conductivity values the better solution is to insulate the external wall by
the exterior with an insulating cladding material (capotto or ventilated façade). If the roof thermal conductivity is higher than the maximum values shown in Table 6.2.2, is necessary to insulate the roof under the tiles if the loft is occupied, otherwise insulate the floor of the loft.
Table 6.2.2. Thermal conductivity coefficients for roofs
U (W/m2ºC)

Maximum values

Winter Zone
I1

Winter Zone
I2

Winter Zone
I3

1,25

1,00

0,90
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6.2.6.2 Windows
There are defined, in the regulation RCCTE, three climatic summer regions in Portugal V1
(mid temperatures), V2 (high temperatures) and V3 (very high temperatures).
The window solar factor, according to the climatic zone, in windows with more than 5% of the
floor area, must be less than the values presented in Table 6.2.3.
Table 6.2.3. Window solar factor
Solar factor, g
Maximum values

Summer Zone V1

Summer Zone V 2

Summer Zone V 3

0,25

0,20

0,15

Figure 6.2.4. Solar factor of a window

The reflecting glass windows with low emissivity values can improve the solar factor.
The glass windows must be insulating glass units made by two glass sheets separated by an
air vacuum or inert gas layer in order to reduce the thermal conductivity.
The window frame, if made in aluminum, must be with thermal cut.

Figure 6.2.5. Examples of windows frame with thermal cut

The windows and doors frames must have a low tightness to air leakage. The tightness of
windows and doors is tested according EN 14351-1 [7]. For old doors a rubber strip can be
used in order to seal the perimeter and avoid air leakage.
The windows south, east or west oriented must be protected by a shadow or external blinder
in order to reduce solar gains during summer.

Figure 6.2.6. Examples of external blinders
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6.2.6.3 Thermal inertia
The thermal inertia shall be high in order to store heat during the day and release it during the
night. This is important in regions with high thermal amplitudes. The traditional materials like
stone, brick and concrete have high values for thermal inertia. Usually materials that have a
mass above 150 kg/m2 have a good thermal inertia.
6.2.6.4 Active systems for heating and cooling
Recent years have seen a rise in the number of air-conditioning systems in European countries.
This creates considerable problems at peak load times, increasing the cost of electricity and disrupting the energy balance. Priority should be given to strategies which enhance the thermal
performance of buildings during the summer period. To that end, there should be focus on
measures which avoid overheating, such as shading and sufficient thermal capacity in the
building construction, and further development and application of passive cooling techniques,
primarily those that improve indoor climatic conditions and the micro-climate around buildings.
6.2.6.5 Heating sanitary waters
The solar systems for heating sanitary waters are mandatory in new buildings, according
RCCTE. Those systems are very easy installed since there are roof south oriented. In existing
buildings it can be a great help to reducing energy consumption and CO2 emissions. The recommended collector area is 1 m2 per occupant. The inertial water tank must have, at least 40 litre per occupant.

Figure 6.2.7. Solar collector

6.2.6.6 Electricity production
The new EPBD has objectives for improving near net zero energy buildings. It means that in
future the new buildings must produce their electricity needs using renewable sources as wind,
sun or biomass. In existing buildings it can be also a measure to reduce energy consumption
and CO2 emissions. In Portugal the energy production to the grid is limited to 3,68 kW.

Figure 6.2.8. Solar photovoltaic module
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6.2.6.7 Ventilation
In existing buildings there are good rates of natural renewal indoor air. With the use of enhanced doors and windows frames, the air tightness is reduced and consequently the renewal
air rate is reduced.

Figure 6.2.9. Air to air exchanger

The minimum renewal air rate recommended by RCCTE is 0,6/h. In low building air tightness is necessary to install mechanical systems to remove dirty air from rooms, like kitchen or
WC, and air intakes in clean rooms, like bed rooms or living rooms. To reduce energy necessary to heat the new air, is appropriate to install a air to air cross flow heat exchanger.
6.2.6.8 Illumination
The best illumination is the natural solar light. In the refurbishment is possible to include
skylights that could improve the natural light and reduce the energy consumption.

Figure 6.2.10. Examples of skylights

The use of low consumption lamps as compact fluorescent lamps (CFL) or Light Emitting
Diode (LED) lamps can reduce the energy consumption.

Figure 6.2.11. Examples of energy efficient lamps (LED lamps and CFL)
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6.2.3

CONCLUSIONS

The construction of new dwellings in Europe is decreasing. There are a great amount of old
dwellings that are less efficient than the new ones. This is an opportunity to increase the refurbishment of old dwellings, improving the thermal efficiency and reducing the energy consumptions in order to achieve in the future the objectives of having near net zero energy buildings.
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6.3. The energetic performances and audit of the existing
buildings
Daniel Dan & Valeriu Stoian
Politehnica University of Timisoara, Romania

6.3.1

INTRODUCTION

The energetic audit of a building is an evaluation method which establishes, from economic and
technical point of view, the solutions for thermal-energetic rehabilitation and modernization of
the construction based on the results obtained from thermal and energetic activity of expertise of
the building.
In the process of thermal rehabilitation of the existing buildings, nowadays a building certification and one energetic audit is required. In order to obtain the energetic certificate an
energetic expertise is needed. In Romania the energy performance of buildings should be calculated on the basis of a national methodology. That includes, in addition to thermal characteristics, other factors that play an increasingly important role such as heating and air-conditioning installations, application of energy from renewable sources, passive heating and cooling elements,
shading, indoor air-quality, adequate natural light and design of the building. The methodology
for calculating energy performance is based not only on the season in which heating is required,
but should cover the annual energy performance of a building. Finally using the results of total
consumption and special scales of energetic performances the building can obtain a classification from A to G. The class A is assigned for buildings with low total consumption of energy
less than 125 kWh/m2year, so for the building with high energetic efficiency. The last class G,
correspond to the building with low energetic performances who have the total consumption
energy greater than 820 kWh/m2year.
After the classification of building the expert have to establish which are the interventions
needed to decrease the total consumption of energy. This process is called energetic audit and
must present also an economical study related to the investment in rehabilitation. The total
amount of investment is evaluated and after that the amortized coefficient of investment is analysed.
6.3.2

ENERGETIC PERFORMANCES AND AUDIT METHODOLOGY

According to the Annex I of Directive 2010/31/EU of the European Parliament and of the Council (19 May 2010), a general framework for calculation of energy performance of buildings is
established.
The energy performance of a building shall be determined on the basis of the calculated or
actual annual energy that is consumed in order to meet the different needs associated with its typical use and shall reflect the heating energy needs and cooling energy needs (energy needed to
avoid overheating) to maintain the envisaged temperature conditions of the building, and domestic hot water needs. The energy performance of a building shall be expressed in a transparent
manner and shall include an energy performance indicator and a numeric indicator of primary
energy use, based on primary energy factors per energy carrier, which may be based on national
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or regional annual weighted averages or a specific value for on- site production. The methodology for calculating the energy performance of buildings should take into account European
standards and shall be consistent with relevant Union legislation, including Directive
2009/28/EC.
The methodology shall be laid down taking into consideration at least the following aspects:
- the following actual thermal characteristics of the building including its internal partitions:
thermal capacity, insulation; passive heating, cooling elements and thermal bridges;
- heating installation and hot water supply, including their insulation characteristics, airconditioning installations;
- natural and mechanical ventilation which may include air-tightness;
- built-in lighting installation (mainly in the non-residential sector);
- the design, positioning and orientation of the building, including outdoor climate;
- passive solar systems and solar protection;
- indoor climatic conditions, including the designed indoor climate;
- internal loads.
The positive influence of the following aspects shall, be taken into account:
- local solar exposure conditions, active solar systems and other heating and electricity systems based on energy from renewable sources;
- electricity produced by cogeneration;
- district or block heating and cooling systems;
- natural lighting.
For the purpose of the calculation buildings should be adequately classified into the following
categories: single-family houses of different types, apartment blocks, offices, educational buildings, hospitals, hotels and restaurants, sports facilities, wholesale and retail trade services buildings, other types of energy-consuming buildings.
The Romanian methodology consist of three main standards Mc001/1-3/2006 “Methodology
for calculating the energetic performances of buildings”. The three parts includes the evaluation
of thermal properties of building envelope, the calculus of total energy consumed for heating
and for preparing the hot water, the energy efficiency of installations and the energetic audit and
certification of the buildings.
6.3.2.1 Thermal characteristics of the building elements
The energetic expertise starts with the determining of geometrical characteristics of building,
calculus of heated/cooled area and volume. The area is defined as the surface boarded by interior faces of closure elements. The total volume of the building must consider all the heated
spaces beginning from the finishing elements of first storey until the interior face of the last floor or roof.
Each closure element is studied separately, divided into opaque surfaces and windows surfaces facing each cardinal direction points. For each element the component materials have to
be investigated. Using the conductivity of materials and the thickness the thermal resistance is
evaluated. If is necessary the conductivity of materials is increased with a coefficient who take
into account the age and the state of the element (dry, affected by condense or dampness). Taking into account the details of elements and the existing of thermal bridges a reduction parameter “r” is evaluated. The reduced resistance R’ is calculated as following:
R'  r  R 
1

1
[m2 K / W ]
R    l    





A

where:
-  and  are the linear and punctual transmittance, who correct the calculus made unidirectional, taking into account the thermal bridges and the real behaviour of heat flow;
- l is the length of the thermal bridge;
- A the surface of the element.
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An average thermal reduced resistance of elements and entire envelope of the building is evaluated as follows:

R' 

 Ak [m 2 K /W ]
A
 Rk'
k

A simplified method to verify the global performance of building envelope is to evaluate the
global coefficient G as following:

 Aj
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  R


'
j

V


 j 

  0.34  n [W / m 3K ]

Where
Aj - the surface of element j [m2];
R`j - the reduced thermal resistance of the element [m2K/W];
V - the interior heated volume of the building [m3];
τ - the correction factor of the exterior temperatures [-];
n - natural ventilation rate of the building, respectively the number of air changes per
hour [h-1].
For the residential buildings, function of number of storeys and the ratio between heated surface and heated volume of the building, the normalized coefficient GN is established. If the verification of the inequality G ≤ GN is satisfied the envelope building can be considered efficient.
If not some interventions are required to reduce the surfaces with minimum reduced resistance,
as windows, or to increase the reduced resistance of opaque components. The simplified method
are very often used to evaluate the performances of new buildings in the design phase.
6.3.2.2 The energetic certificate and energetic audit of the building
The Romanian methodology of energetic certification and audit of existing buildings consists in
following the main steps presented in the Figure 6.3.1.
In order to understand better the methodology the calculation procedure for the heating system is presented in the following:
- it start with defining the limits of the heated space heaters and unheated spaces
- in case of intermittent heating or ventilation, are defined for computing time periods that
are characterized by heating or ventilation program differently (e.g. day, night, weekend)
- if the calculation is made for a single area, the coefficient of losses of heating space is evaluated
- for the calculations on heating season is defined or calculated the period and climatic data
of the heating season.
After that for each defined calculation period (month or season of heating) the following parameters have to be calculated:
- interior temperature
- total heat losses
- internal heat gain
- solar contributions
- required annual heating
- the total energy required for heating, taking account the losses and heating system efficiency.
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Location and climate data
Analysis of existing technical
documentation

Determination of geometrical characteristics for envelope elements

Information on the details of
envelope elements

Evaluation of comfort parameters

Field inspection of buildings
and related facilities

Technical characteristics of indoor installations and their status
Technical characteristics of
heating distribution system

Calculus of energy consumption at the
consumer (including distribution systems)
Calculus of energy losses of
distribution systems

Technical characteristics of
thermal energy storage systems and their status

Calculus of energy losses of
storage system
Calculus of energy losses at
heating sources

Technical characteristics of
heating sources and their status
Annual energy consumption for lighting
Annual energy consumption for heating
Annual energy consumption ventilation/cooling

Rehabilitation and modernization solutions for building
envelope
Rehabilitation and modernization solutions for installation

Assessment of
thermodynamic parameters for the building and related
equipments

Reclassification of buildings in
classes of efficiency

Annual energy consumption for
hot water

Assessment of energy
consumption and
energy saving for each
measure of energetic
rehabilitation

Analysis of energy efficiency
solutions

CONCLUSIONS OF
ENERGETIC AUDITOR

Figure 6.3.1. General flowchart for energy audit of existing buildings.

Using the total energy consumption for heating and the dedicated scale of efficiency presented on the energetic certificate, a class can be assigned to the evaluated building.
A similar procedure is used for the evaluation of other energy consumption, as for preparing
of hot water, ventilation or lighting. The model of energetic certificate in use according with
Romanian codes is presented in Figure 6.3.2.
The main information and parameters contained in the certificate are:
- generally data about the certified building, location, surface, volume;
- information about the energetic auditor, number of certificate, signature and stamp;
- the specific energy consumption per year, for heating, for preparing hot water, air conditioning, mechanical ventilation and lighting; an energetic class assigned to each type of
energy consumed;
- the total annual specific energy consumption and the class assigned to this consumption;
- the energetic mark (0100) calculated function of annual specific energy consumption;
- the indices of equivalent CO2 emission, calculated function of the fuel type;
- similar information about the reference building;
- penalties grated to the certified building and motivation;
- recommended solution for the rehabilitation of building envelope and installations.
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Figure 6.3.2. Certificate of energetic performances according to Romanian methodology.

6.3.2.3 The energetic audit of the building
Using the conclusions of the energetic expertise and the recommended general solutions for rehabilitation the energetic audit of the building is performed. The solutions to improve the energetic performances are analysed separately from economical point of view. For each solution
proposed the total annual specific energy consumption and the followings principal economic
indicators are calculated:
- the net present value of additional investment due to the application of energetic rehabilitation / modernization project and energy savings results from implementation of the project mentioned ;
- additional investment payback period (amortizing period) due to the implementation of the
energetic rehabilitation project, representing the time elapsed since the investment in energetic rehabilitation of a building and when its value is matched by the amount of savings
achieved by implementing the energetic solutions of rehabilitation;
- unit cost of saved energy, e [Euro / kWh], representing the ratio between the amount of
additional investment due to the implementation of the project of energetic rehabilitation
and energy savings achieved through its implementation during the amortizing period.
6.3.3

CONCLUSIONS

According to the Directive 2010/31/EU an efficient, prudent, rational and sustainable utilisation
of energy applies, to oil products, natural gas and solid fuels, which are essential sources of
energy, but also the leading sources of carbon dioxide emissions.
Buildings account for 40 % of total energy consumption in the European Union. The sector is
expanding, which is bound to increase its energy consumption. Therefore, reduction of energy
consumption and the use of energy from renewable sources in the buildings sector constitute
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important measures needed to reduce the Union’s energy dependency and greenhouse gas emissions. Management of energy demand is an important tool enabling the Union to influence the
global energy market and hence the security of energy supply in the medium and long term.
The reduction of heat loss through the construction elements is necessary in order to increase
the energetic efficiency of a building. National and international programmes now in force aim
to the thermal rehabilitation of residence buildings, as a priority measure within the sustained
development of constructions.
The energetic performances of residential buildings are being evaluated in Romania by authorized energy experts who issue the certificates of energetic performances of a building. The
energetic audit of a building requires, beside the energetic certification, the establishment of intervention measures and execution details designed for the improvement of thermal comfort.
The reduction of heat loss leads to the reduction of pollution and of the costs caused by the building maintenance.
REFERENCES
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6.4. Energy saving in Lithuanian building sector
R. Norvaišiene
Kaunas University of Technology, Institute of Architecture and Construction, Lithuania

6.4.1

EXISTING HOUSING STOCK IN LITHUANIA

Many thousands of Soviet-era buildings in Lithuania need renovation for better energy
efficiency. The renovation program carried out by the government will allow energy losses and
carbon emissions to be reduced as well as help create new jobs during the economic downturn.
After the break-up of the Soviet Union, Lithuania inherited housing with space heating intensity
significantly higher than that of the Western European countries. Lithuania is largely dependent
on imported fuel and rapidly increasing energy prices made the wasteful energy consumption an
unaffordable burden for income-constrained consumers.
About 45 % of total final energy consumption is used in housing sector. Whereas more than
60% of the Lithuanian population resides in multi-apartment buildings constructed during 19611990, which are not complied with the effective requirements, this sector has great energy
saving potential. Heat consumption depends on building design, construction quality and
materials, indoor installations, energy management (or absence of that), indoor comfort level
and householder's response to a set of incentives. Therefore, the same type of buildings can
consume different quantities of energy.
Previously, inexpensive gas imports from the Soviet Union did not require much attention to
energy efficiency, but the situation has changed and energy prices that have been artificially
kept low with subsidies are expected to rise (Klevas, 2009). All the accession countries have a
large stock of pre-fabricated concrete housing with reinforced concrete foundations, doubleglazed windows with wooden frames, flat roofs and lightweight concrete external walls, built in
the sixties following the Soviet example. Problems are caused because of the flat roofs, weak
joint points in structures, corroded pipes and weaknesses in the engineering systems.
Great attention must be paid to effectiveness of the energy use in buildings, in regard to
requirements of the last Directives of the European Parliament and European Council (Passive
House Institute, 2009). Structural changes of energy supply and use in Lithuania require to
consider issues of heating of dwellings and other buildings. Saving of heat in buildings is one
of the most important tasks in energy saving. At present, the large-scale district heating systems
in Lithuania are very inefficient, mainly due to the high heat losses in the networks. End-users
cannot influence their consumption and tariffs do not provide incentives for energy conservation
(Karbauskaite, 2002).
The thermal quality of the building stock in Lithuania has been changed significantly after the
collapse of the former Soviet Union. Since 1992 when the National Building Code was
introduced, the required U-values of the building elements were approaching the ones applied in
the Scandinavian countries. The buildings constructed before 1995 represent the old style of
construction, having high energy consumption for heating. Demand for heating in these houses
is two or more times higher than in those in Western countries. Delay with solving of this
problem has serious economic consequences. The problem is complicated because of the
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realization that heat saving potential is closely connected with the necessity to technical,
economic and organizational reconstruction of district heating systems (Karbauskaite, 2002).
It seems to be evident, that the biggest part in environment pollution is formed by heating of
buildings, especially buildings of 1960-1990 mass construction. The average value of energy
consumption for heating is at the top of European countries now. The comparison of energy
consumption for heating is presented in Figure 6.3.1.

Figure 6.4.1 Comparison of energy consumption in Lithuania building stock with the European trends

In Lithuania, 87% of urban and 39% of rural housing stock receive heat from regional district
heating networks. The rest of Lithuanian households operate individual heating systems using
firewood, natural gas, coal, or oil products as a fuel.
The housing stock in the former Soviet-Union in general and Lithuania in particular differs
from that in Western Europe. Specific aspects of the Lithuanian stock that need to be considered
are:
 a large share of multifamily houses is heated using collective systems (district heating).
 only a small percentage of the apartment owners is organized in a home-owners
association (20%).
 the current, deteriorating, status of the building stock provides ample scope for
improvement.
 the share of new dwellings built is very small compared to the existing building stock.
 energy efficiency improvement is only one of several urgent issues in building
renovation.
 the level of awareness on energy consumption and the possibilities of increasing
efficiency among the general public is very low.
 the economical situation does not allow for significant government funding. Non-public
 funding for building renovation is also very difficult to find.
 the costs for heating are high in terms of share of total household budget.
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6.4.2

THE NATIONAL ENERGY EFFICIENCY PROGRAMME

The majority of residential buildings are physically worn and their condition does not satisfy the
resident’s needs. The tendency of decrease of energy consumption in buildings is reflected in
the new technical regulations on construction in Lithuania. On the base of energy audits, the
local renovation programmes determine energy saving measures and economically feasible
decisions can be elaborated. It would allow energy efficiency increasing as well as improving
the quality and value of buildings.
The Lithuanian Government is approved the National Energy Efficiency Programme. The
Programme's revised priorities are as follows:
- development of a legal and regulatory framework for stimulation of energy efficiency;
- renovation and insulation of buildings, modernization of the heating systems in houses;
- restructuring of building materials industry and production of insulation materials;
- provision of devices and systems for water, gas, electricity and metering and control;
- use of renewable and domestic fuel resources.
The analysis of energy consumption in the apartment buildings connected to the district
heating system was provided in detail by the Institute of Architecture and Construction, and
Vilnius Gediminas Technical University.
Heat energy saving potential in Lithuania would be under these assumptions:
1. The total living stock in Lithuania on 01.01.1996 was about 73.2 million m2.
2. After the additional insulation (with Tind=20°C, z=220 days, Tout=0.5°C) the heat energy
losses would be:
 through the enclosures (walls, floors and ceilings) — about 8.28 PJ/year;
 total heat energy losses – about 12.82 TWh/year, i.e. could be reduced by 44.7%
(with the same heating conditions).
6.4.3

HEAT CHARACTERISTICS OF BUILDINGS BEFORE AND AFTER
RENOVATION

The additional thermal insulation of buildings partitions allow saving up to 50 % of heat energy.
There are no possibilities to assess all the residential buildings due their variety. Whereas the
five-storied and nine-storied buildings are in the majority in Kaunas city, the analysis of heat
saving possibilities was made in these typical multi-apartment buildings. The exploitation of energy saving possibilities in this sector allows to facilitate the solution of environmental problems as well as to decrease the state budget expenses for subsidies for energy-costs for lowincome families. Estimating the amount of Kaunas city multi-storied residential buildings and
the heat losses of typical buildings, the energy needs before and after renovation of these buildings can be calculated.
The typical five-storey and nine-storey buildings were selected for the calculations of the heat
saving possibilities in multi-storied residential buildings in Kaunas city. The energy audits of
these buildings were performed. The analysis of energy saving according to implementation of
the different energy saving measures was made. For every type of the multi-storied buildings
the packages of renovation measures and the investments for the renovation according to the
number of their stories and packages of renovation were determined. The distribution of heat
losses through parts of facade are presented in Figures 6.4.2 and 6.4.3.
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Figure 6.4.2. Distribution of heat losses through parts of facade (5 storey building).

Figure 6.4.3. Distribution of heat losses through parts of facade (9 storey building).

The study results showed the obviously bigger energy consumption in small buildings as well
as the bigger dispersion of the values. In big apartment buildings mean energy consumption
value can be assumed as 145 -240 kWh/m2, when the heating season is estimated by 3790
degree days at indoor air temperature of 18 °C. Energy consumption in a big part, about 30 % of
them, is significantly lower, mainly due to lowered indoor temperature, as well as other 30 %
are consuming more than mean value. In small buildings (heated area up to 1000 m2) the most
of buildings could declare respectively energy consumption for heating 150 - 290 kWh/m2 for
heating season.
Reduction of energy consumption in buildings shall be performed by renovation of building
envelope with especially emphasis in improvement of management, maintenance and control of
heating and ventilation systems. At present the mentioned improvements are of big interest in
Lithuania because of economical and environmental efficiency.
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6.4.4

CURRENT STANDARTIZATION AND CERTIFICATION PRACTICIES

Lithuania does have an experience with energy-use related standards. In the form of the thermal
norms for separate building elements they were part of the old soviet-time building codes and
were more or less directly adopted by the new governmental bodies after the country gained
independence (Stankevicius et al, 2001). However, the requirements of such standards were
much lower compared to the corresponding western norms (IEA 1997). Moreover, the actual
energy performance of new dwellings often failed to meet those standards because of the poor
compliance resulting from wrong incentives. The focus was placed on meeting the development
plan even at the cost of the building quality. In addition, the initial achievement has been rapidly
deteriorating because of the lack of appropriate maintenance (IEA 1997). Recently there have
been changes towards tightening of the standards for new constructions but the problems of
compliance and maintenance remain. Lithuania is also making progress towards harmonization
of its construction and building standards with the EU requirements, e.g. in the newest building
code the simple normative heat transmission values have been integrated into the heat loss
standard that also takes into account the thermal bridges. It should be noted however that,
although there are certain achievements in the area of energy standardization, Lithuania is still
lagging far behind the developments in the countries with developed market economies.
6.4.5

CONCLUSIONS

Lithuania, like other EU countries, must be examined for the use of the low energy building
design and construction experience, the existing concepts of low energy buildings should be
adapted or new concepts of low energy building responding to the region's climate should be
created. At present, with the co-operation of civil engineers from Sweden and Estonia new
codes of building are prepared. The new codes which will be based on the standards and
approaches used within the European standards will comply with the Western European ones. It
will improve the mutual understanding between experts from various countries and will be one
of the steps towards the European Union .
According to prognoses the 113 five storied and 55 nine-storied buildings would be
renovated and in 2010 the heat energy consumption in them would be decreased by 29 115
MWh or 7, 7 % of the consumption in 2004. The total possible heat energy saving potential in
all five and nine-storied residential buildings is 266 258 MWh. The total possible heat energy
saving potential in “housing sector” in Kaunas city is 437 241 MWh. The pollution of CO 2
would be decreased by 83 950 tons per year. It is a great energy saving potential in this sector.
However it is technical possible energy saving potential and sometimes not all of the energy
saving measures are economically expedient comparing their payback time with their life cycle.
In some cases the payback time exceeds the life cycle of measure.
There are about 300 projects for renovation of residential buildings in the pipeline. The
situation is complicated, as the buildings belong to home owner associations. According to the
rules, the state provides a grant for no more than half of the investment necessary for renovating
a private residential building. The other half needs to be financed by the home owners
themselves. Also it is very important to create the public awareness raising and education
system on the issues of energy efficiency and housing maintenance.
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6.5. Reflective insulation materials to increase the energy efficiency
in buildings
V. Stoian & D. Dan
Politehnica University of Timisoara

V. Buhagiar & R. P. Borg
Faculty for the Built Environment, University of Malta

6.5.1

REFLECTIVE INSULATION SYSTEMS

6.5.1.1 General
Thermal insulation consisting of one or more low emittance surfaces, bounding one or more
enclosed air spaces. Standard types of insulation, such as fiberglass, foam, and cellulose primarily reduce heat transfer by trapping air or some type of a gas. Thus, these products or technologies reduce convection as a primary method of reducing heat transfer [1].
They are not as effective in reducing radiant heat transfer, which is often a primary mode of
heat transfer in a building envelope, in fact, these products, like most building materials, have
very high radiant transfer rates. The surfaces of standard types of insulation are good radiators
of heat. Reflective insulation uses layers of aluminum, paper, and/or plastic to trap air and thus
reduce convective heat transfer. The aluminum component however is very effective in reducing radiant heat transfer. In fact, the metalized and foil materials commonly used in reflective
insulation will reduce radiant heat transfer by as much as 97%.
Heat flow by radiation has been brought to the public’s attention with high efficiency windows, which commonly use the term “Low E” to advertise the higher performance ratings. The
“E” stands for emittance and the values range from 0 to 1, with 0 being no radiation and 1 is
the highest measure of emittance or radiation. The most building materials as fiberglass, foam
and cellulose have surface emittances or “E” values who exceed 0.70. Reflective insulations
typically have “E” values of 0.03.
Reflective insulation is superior to other types of insulating materials in reducing radiant
heat. The term reflective, in reflective insulation, is in some ways a misnomer, because aluminum either works by reflecting heat (reflectance of 0.97) or by not radiating heat (emittance of
0.03). Whether stated as reflectivity or emissivity, the performance (heat transfer) is the same.
When reflective insulation is installed in building cavities, it traps air (like other insulation materials) and therefore reduces heat flow by convection, thus addressing all three modes of heat
transfer.
In all cases, the reflective material must be adjacent to an air space. Aluminum, when sandwiched between two pieces of plywood for example, will conduct heat at a high rate. All insulation products including reflective insulation are measured by R-values, whereby the “R”
means resistance to heat flow. The higher the R-value, the greater the insulating or thermal performance of the material.
Reflective insulation is a non-toxic, user and building owner safe, and environmentally safe
building material. In addition, the products are typically recyclable and thus can be termed a
Green Building Material.
Another benefit is that the reflective insulation can also serve as a high performance and
thus effective vapor barrier. Two layers of aluminum or a low emittance material and enclosed
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air spaces, which in turn provide highly reflective or low emittance cavities adjacent to a heated
region, typically form a reflective insulation system. Some reflective insulation systems also
use other layers of materials such as paper or plastic to form additional enclosed air spaces.
The performance of the system is determined by the emittance of the material(s), the lower the
better, and the size of the enclosed air spaces. The smaller the air space, the less heat will transfer by convection.
Therefore, to lessen heat flow by convection, a reflective insulation, with its multiple layers
of aluminum and enclosed air space, is positioned in a building cavity (stud wall, furred-out
masonry wall, floor joist, ceiling joist, etc.) to divide the larger cavity (3/4” furring, 2” x 4”, 2”
x 6”, etc.) into smaller air spaces. These smaller trapped air spaces reduce convective heat flow.
Reflective insulation differs from conventional mass insulation [1] in the following:
1. Reflective insulation has very low emittance values “E-values” (typically 0.03 compared
to 0.90 for most insulation) thus significantly reduces heat transfer by radiation;
2. A reflective insulation does not have significant mass to absorb and retain heat;
3. Reflective insulation has lower moisture transfer and absorption rates, in most cases;
4. Reflective insulation traps air with layers of aluminum, paper and/or plastic as opposed
to mass insulation which uses fibers of glass, particles of foam, or ground up paper;
5. Reflective insulation does not irritate the skin, eyes, or throat and contain no substances
which will out-gas;
6. The change in thermal performance due to compaction or moisture absorption, a common concern with mass insulation, is not an issue with reflective insulation.
6.5.1.2

Types of Reflective Insulation Materials

Reflective insulation has been used effectively for decades and is available throughout the
world. The following are the major types of reflective insulation currently available:
1. Layer or layers of aluminum foil separated by a layer or layers of plastic bubbles or a
foam material;
2. Multiple layers of aluminum, kraft paper, and/or plastic with internal expanders an
flanges at the edge for easy installation;
3. Single layer of aluminum foil laminated to a kraft paper or plastic material when encapsulated with an adjacent air space
6.5.2

ISOLAIR THERMO SYSTEM

6.5.2.1 Structure and characteristics
IsolAir Thermo is an insulating material (Fig. 6.5.1) composed of two layers with a bubble structure in the shape of a honeycomb of combustible polyethylene film and which is covered on
both sides with aluminium foil of 99.9% purity, with a thickness of 12 microns [2].




Figure 6.5.1. General aspects of IsolAir Thermo sheet and IsolAir aluminium tape
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The air contained in the bubbles is dry and stable, thus preventing condensation. The Aluminium, in two layers, creates a nearly impenetrable barrier against infrared radiation, which is
effective both in summer and mild winters. For an easier installation all interior surfaces are
fused throughout.
This type of insulation was invented by scientists at NASA and was used in the aeronautic
field. Nowadays, due to its insulation properties, this kind of material is applied also in the
construction industry as heat-sound insulation. The joints between the insulation sheets are
sealed using special Thermo IsolAir Aluminium tape. In this manner the thermal bridges are
eliminated and a continuity of the insulation layer is assured.
6.5.2.2 The Technical Characteristics
The technical characteristics of IsolAir are presented in Table 6.4.1.
Table 6.4.1. Physical properties [http://isolairthermo.eu]
Characteristics
Specific weight
Density
Tension resistance parallel with sides
Permeability to water vapour
Resistance factor to diffusion of water vapour
Thermal conductivity at 10˚C
Thermal resistance at 10˚C

6.5.3

Symbol
m
ρ
σ
δ
μ
λ
R

Value
377.3
57.999
393.33
0.001317
532
0.0556
0.117

Unit
g/m2
kg/m3
kN/m2
mg/m h Pa
W/m K
m2 K/W

TECHNOLOGY AND FIELD OF APPLICATIONS

The recommended limits for using IsolAir Thermo are -30°C ÷ 70°C. The IsolAir Thermo can
be applied to insulate the roofs, the exterior walls and the foundation slabs. The insulation can
be applied to the interior as well as the exterior surfaces (Fig. 6.5. 2).

Figure 6.5.2. General aspects of roof insulation using IsolAir thermo

The IsolAir sheets can be installed horizontally or vertically over the structural elements with
a 100 mm minimum superimposition at the joints. The insulation sheets are fixed on surfaces
using common staples without special equipment.
The IsolAir sheets which are installed on the exterior of the roof have the following advantages: the materials act as a water vapour barrier, more space is created, it is possible to have
exposed beams, quick and easy installation with reduced cost and time compared with 50%
wool insulation, waterproof, maximum insulation at minimal thickness, eliminate moisture and
odors, does not attract birds, acts as a good sound insulating and radiant surface without thermal bridges.
The insulation can be applied successfully also to the interior surface of the roof. The material can be easily installed even when working around round beams or specific design details
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on the interior. It is possible to extend the insulation of the roof to the attic wall. If used behind
the radiators the insulation system reflects heat.
IsolAir thermo is a non toxic material which can replace 15 to 18 cm of mineral wool as
thermal and sound insulation, and which can be used also for insulation of exterior and interior
walls.

Figure 6.5.3. Application of the insulation system to floors

Figure 6.5.4. Application of insulation system for floors

Thermo IsolAir is adaptable to all shapes and sizes, and no thermal bridges are created
around the isolated area. If installing under floor heating systems, it reflects the thermal radiation and acts as a distributor of heat to the interior space. If it is used as a floor insulation, the
material can attenuate the noise resulting from impact. The IsolAir is installed under floor finishes, usually under the mortar layer. The insulation sheets can be adapted also to timber or
steel structural systems.

Figure 6.5.5. Application of IsolAir in the field of installations
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The IsolAir Thermo is also used for insulating ventilation systems, water pipes and tanks.
Some applications are presented in Figure 6.5.5.
6.5.4

CONCLUSIONS

Reflective insulation materials are designed for installation between, over, or under framing
members and as a result, are applicable to walls, floors, and ceilings. Applications for reflective
insulation extend to many commercial, agricultural and industrial uses, such as panellized
wood roofs, pre-engineered buildings, pole barns and other timber frame structures.
Solutions using reflective materials such as IsolAir Thermo will result in very little additional weight to the roof (0.4 kg/m2). The material presented has a good performance, reflects
97% of radiant heat, is non-toxic and non carcinogenic, has good durability and does not compress, collapse or disintegrate. Others advantages resulting from the use of IsolAir thermo are
the following: it is easy to cut and install, it does not support fungi, insects, rodents and the
growth of mildew and is not affected by moisture or humidity. Reflective insulation materials
such as IsolAir Thermo system, which are installed in buildings, result in an improved performance and in more sustainable buildings.
REFERENCES
(1) Radiant barriers, Reflective Insulation Manufacturers Association, www.radiantguard .com
(2) Technical data sheet IsolAir Thermo http://isolairthermo.eu/
(3) IsolAirThermo – New material for thermo insulation, S&S Full Trading, Romania
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6.6. Green building, Passive house, Intelligent house
D. V. Stoian
Politehnica University of Timisoara, Timisoara, Romania

B. I. Botea
Politehnica University of Timisoara, Timisoara, Romania

6.6.1

INTRODUCTION

Green buildings have been around for a while. Passive houses have been introduced in the 80's
and intelligent buildings are the newest trend in building “fashion”. They all treat basically different aspects of a building and have seldom been put together in one building.
6.6.2

MAIN ELEMENTS

6.6.2.1 Green building
Green building (also known as green construction or sustainable building) is the practice of
creating structures and using processes that are environmentally responsible and resourceefficient throughout a building's life-cycle: from siting to design, construction, operation, maintenance, renovation, and deconstruction. This practice expands and complements the classical
building design concerns of economy, utility, durability, and comfort.
Green buildings are designed to reduce the overall impact of the built environment on human health and the natural environment by:
 Efficiently using energy, water, and other resources
 Protecting occupant health and improving employee productivity
 Reducing waste, pollution and environmental degradation
 Reducing built environment impact on environment
Green construction or sustainable building aims towards creating resource efficient and environmentally friendly buildings.
6.6.2.2 Passive house
The climate independent definition of a Passive House states that the maximum heating load
must be smaller than the heat that can be supplied to the building through the hygienically required fresh air flow.
As such, the following must be true in a passive house:
 Heating load
pmax,heat ≤ psupply air,max
 Annual space heat requirement
qmax,heat ≤ 15 kWh/(m2a)
 Air tightness
n50≤ 0,6 h-1
 Yearly primary energy needs
emax,prim ≤ 120 kWh/(m2a)
Passive houses are very energy efficient buildings with focus on low energy building techniques and technologies that distinguish themselves from mainstream buildings by very good
levels of insulation and no thermal bridges, good utilization of solar and internal gains, very
good airtightness, a ventilation system with air heat recovery.

299

Integrated Approach towards Sustainable Constructions
______________________________________________________________________________________________________

6.6.2.3 Intelligent house
Building automation describes the functionality provided by the control system of a building. A
building automation system (BAS) is an example of a distributed control system. The control
system is a computerized, intelligent network of electronic devices, designed to monitor and
control the mechanical and lighting systems in a building.
BMS core functionality keeps the building climate within a specified range, provides lighting
based on an occupancy schedule, and monitors system performance and device failures and
provides email and/or text notifications to building engineering staff. The BAS functionality
reduces building energy and maintenance costs when compared to a non-controlled building. A
building controlled by a BAS is often referred to as an intelligent building system.
In the end an intelligent building sports a control system programmed to react to usage and
environment inputs. The control system combines the following:
 A network of “intelligent” devices (sensors, actuators)
 Control, monitoring and optimization
 Control of heating, ventilation and illumination
6.6.3

DISTINGUISHING FEATURES

6.6.3.1 Green building
Green building focuses mostly on the following features:
 Siting and structure eficiency
 Building materials
 Water efficiency
 Waste reduction
 Operation optimization
 Indoor environment quality
A green building will be localized in order to take advantage of:
 Efficient use of solar energy
 Adaptation to terrain
 Consideration towards prevailing winds
 Sustainable landscaping
From the point of view of cost they will also be more expensive in terms of up-front cost
because of the technologies usually included: photovoltaics, efficient appliances, modern technologies.
Building materials used must be recyclable and reusable materials with low embodied energy: non-toxic, sustainably produced or recycled materials which require little energy to process.
In treating resources carefully an eco-house should focus on several key aspects:
 Judicious use of water
 Graywater reuse
 Rainwater collection
 Local environmentally friendly wastewater treatment
Waste reduction usually takes into account different types of waste produced during the
construction phase and the operation phase. During all this time care must be taken to maximise use of reusable / recyclable materials. During the construction phase the builder and the
client must be made aware of all the facts and before the operation phase occupant education
must take place.
6.6.3.2 Passive house
Defining characteristics of a passive house comprise:
 Southern orientation for the winter / good shading for the summer
 Compact form and good insulation with U < 0.15 W/sqmK
 Energy efficient glazing and frames with U< 0.8 W/sqmK and solar gain G > 0.5
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 Building envelope air tightness with a leakage rate under 0.6/h at 50 Pa pressure
 Passive preheating of intake air using an underground soil heat exchanger)
 Exhaust air heat recovery with over 80% efficiency
 Energy-saving household appliances
Comfort in a passive house is insured beacause of the following characteristics:
 No temperature gradients → reduced risk of mold or condensation
 Thermal insulation → acoustic insulation
 Simple technical solutions → uniform heating or cooling
 Constant indoor climate → air quality is kept high
 Filtering in the ventilation → no dust or pollen
 Low rate ventilation → no noise or draft
During and after the building phase tests are being performed in order to make sure the
building is on par with the specifications in regards to airtightness, thermal bridge free construction because mistakes can not be “heated out”.
While the building materials can be usual materials and the technologies can be usual technologies a passive house is open to new materials and technologies as well as traditional ones.
Usual construction materials such as wood, brick and mortar, concrete can be put together with
normal insulation: polystyrene, mineral wool, cellulose, polyurethane, cork, foamglas, or traditional materials such as sheep wool, or hi-tech materials also: vacuum panels, aerogel.
The windows in a passive house are a key aspect and particular care must be taken towards
making sure they comply with stringent requirements of high insulation and airtightness.
Because one of the key features of Passive Houses is lack of perimeter heating, the insulation
coefficient of a window must be sufficient to keep internal surfaces > 17°C, which in turn defines the key window criteria. Because of this special attention must be paid towards careful
and airtight mounting. The quality of the glass, coating, the pane thickness, pane distance,
number of panes and the filling of the panes are essential in insuring a good passive house
window.
6.6.3.3 Intelligent house
Key characteristics of an intelligent house are management of the environment inside the building by controlling temperature, humidity, CO2 levels, lighting and perhaps more.
As such the control and monitoring system provides an essential role in optimizing energy
use. It will typically be linked to 40-70% of energy consumers and it may also perform other
functions.
Normally an intelligent house control system will be connected to the following subsystems:
 HVAC
 Lighting ↔ Natural lighting
 Audio / Video
 Intercom
 Security
 Robotics
 anything else...
Advantages of a control system are:
 Flexibility
 Comfort
 Cost efficiency
 Safety and security
Besides the advantages there are also drawbacks:
 Higher (initial) cost
 Higher complexity → more can go wrong
 Higher maintenance costs
The technology inherent to an intelligent home also follows general technology trends so because there are several manufacturers of equipment there also are several standards that ar not
compatible. While work is underway to promote an industry standard, the relatively small market development for this technology means that a global standard is still far away.
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A typical system will be comprised of controllers, sensors and actuators. These will be connected via cables, fiber optic, power lines or radio frequency. We can distinguish between centralized, distributed and mixed control systems depending on how the intelligence is located.
6.6.4

CONCLUSIONS

While the concepts relate to basically different areas of building as eco houses have a low environmental fotprint, passive houses a low energy demand and intelligent house make clever use
of resources not one of them covers all aspects in a building. As such, a complete building
should take care of several aspects and provide a low energy usage with low environmental
impact materials while also making use, where necessary of technological innovations in building automation.
Of course there are areas where the necessities of one contradict the premises of another but
these kind of issues can usually be resolved in a fair manner. The concepts should work together because a bit of one can make a significant difference in another.
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6.7. Assessment in terms of energy efficiency and comfort for the
semi-passive house
Silviana Brata
University “Politehnica” from Timisoara, Department of Building Services, Timisoara, Romania
silviana.brata@ct.upt.ro

6.7.1

INTRODUCTION

6.7.1.1 European context of renewable energy use
The increased use of energy from renewable sources - wind power, solar power, hydro-electric
power, geothermal energy and biomass - and the increased energy efficiency constitute important steps in greenhouse gas emissions reduction. The new Directive on renewable energy,
2009/28/EC of the European Parliament and of the Council of 23 April 2009, sets targets for all
Member States. For Romania, the target for share of energy from renewable sources in gross
final consumptions of energy in 2020, is 24%. The EU must reach a 20% of energy from renewable sources by 2020.
6.7.1.2 Aim of paper
The aim of this paper is to present the technical solution concerning the heating, cooling and
domestic hot water preparation system of a semi-passive building, the performances of a direct
flow vacuum tube solar collector in Timisoara and the energy savings in the case of using solar
energy for DHW preparation.
6.7.2

CASE STUDY

6.7.2.1 Thermopysical properties of envelope building elements
The case study is a residential duplex building containing a passive house and a semi-passive
house. The building is located in Timisoara city, in Romania, latitude 45,77o and longitude 21,25o. The performance characteristics of the envelope passive house are the followings: the
U-values of the components of the exterior shell must not exceed 0.15 W/(m2K), airtight building shell less than 0.6 times the house volume per hour, thermal bridge swith  less than or
equal to 0.001 W/(mK), windows U-value, with solar gain coefficints 50%, must be less than
0.8 W/(m2K).
In Table 6.7.1, the tansmitance of the envelope building elements are presented.
Table
6.7.1. U-factor values of envelope building elements.
_____________________________________________________________________________________
Building element

Description

U-factor value
________________
2

W/(m K)
_____________________________________________________________________________________
External wall
Celular concrete with thermal insulation
0.119
Flat roof
OSB with thermal insulation
0.089
Slab on the ground
Reinforced concrete
0.110
Windows
High
efficiency
windows
1,428
_____________________________________________________________________________________
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From the Table 6.7.1 results that the transmitances of the semi-passive building elements are
less than the required values for a passive house and so the annual heat requirement is accomplished.
6.7.2.2 Building equipment
From the point of view of building equipment, for a passive house, the annual heat requirement must be less than 15 kWh/m2/year. The heat recovery at the ventilation system must be
higher than 0.80 and solar collectors or heat pumps must provide energy for hot water.
In the Figure 6.7.1 is presented the functional scheme of the heating, cooling and domestic
hot water system.

Figure 6.7.1. Scheme of heating, cooling and DHW system

The 24 kW boiler (6) supply the fan coils (9) in the heating circuit through a hydraulic separator (7) with thermal agent as primary source and the solar heat exchanger dual coil tank, as
auxiliary source.
The domestic hot water storage tank (5) is floor mounted and is below the level of the collectors. The temperature of the domestic hot water is controled through a three way valve (10);
a solar pumping system (3) moves heat transfer fluid between the tank and the collectors (1).
In the solar circuit is mounted an expansion vessel (4) and a safty valve (2). The collector loop
pump control is dependent on the difference between the collector flow temperature and the
tank reference temperature: switches on above a difference of 8oC and switches off below a
difference of 3oC.
In the cooling season, the same fan coils ensure the comfort temperature in each room. The
agent is preparated and moved with a chiller with a hydro kit (8).
6.7.3

SIMULATION CALCULUS

6.7.3.1 Simulation software
Software simulation takes on an important role related to energy and economy factors, to
evaluate technical and economical solutions. The algorithms complexity and the transient
regime of the yearly exploitation of the technical building systems require to create an EPB –
software. The Romanian EP methodology, MC 001/2006 – “Energy Performance of Buildings”
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and the Romanian software – “Doset-CCIC PEC”, v 1.0.0.5 were use to determinate the annual
heat requirement. The Romanian software use he monthly calculation method for the determination of the annual energy needs for heating and cooling of buildings. The annual demand of
energy for heating results as a sum of the positive monthly demands. The utilization factor of
internal gains has an important influence in getting of positive values of the heating demand in
the first and the final month of the heating/cooling season.
The function of the solar circuit for DHW was simulated with the software T*SOL Pro 4.5.
6.7.3.2 Simulation data inputs and results
In the simulation calculus are used the data inputs:
- mean outside temperature 10.64 oC;
- total annual global radiation: 1301 kWh;
- average daily consumption: 320 l;
- volumetric flow rate in the collector loop connection: 129.2 l/h;
- total area of the collector: 4.37 m2;
- active solar area of the collector: 3.23 m2;
- tilt angle of the collector: 45o;
- azimuth angle: 0o;
- one-way length of piping system: inside 8m and outside 1m, and the heat insulation
thermal condcutivity coefficient 0.045 W/m/K;
- optical losses at the collector: conversion factor, 74.1% and incident angle modifier for
diffuse radiation, 88%;
- volume of DHW tank with two heating coils: 300 l’;
- tank thickness of insulation: 51 mm and the insulation thermal conductivity, 0.03
W/m/K;
- desired tank temperature: 45 oC;
- nominal output of the boiler: 24 kW, with fuel natural gas and efficiency 90%, at a return temperature of 60 oC;
- domestic hot water supply efficiency: 65%.
The results of annual simulation are:
- natural gas savings: 334 m3;
- avoided CO2 emissions: 706 kg;
- DHW solar fraction: 52%;
- collector loop efficiency: 56%;
- optical losses: 1400 kWh/year;
- internal piping losses: 223 kWh/year;
- external piping losses: 39 kWh/year;
- thermal collector losses: 394 kWh/year;
- tank losses: 234 kWh/year;
- global horizontal radiation: 1301 kWh/m2;
- specific global radiation on inclined surface: 1441 kWh/m2;
- wind speed: 2 m/s;
- DHW heating energy supply: 5 MWh/year;
- consumption of natural gas at the boiler: 269 m3.
The daily maximum temperatures of he thermal agent in the collector are presented in Figure
6.7.2.
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Figure 6.7.2. Daily maximum temperatures in collector.

The solar contribution to DHW is 2599 kWh/year and the auxiliary heating energy: 2375
kWh/year. In Figure 6.7.3 are presented the evolution of the two parameters, in each month of
the year.

Figure 6.7.3. Monthly evolution of the solar contribution to DHW and of the auxiliary heating energy.

6.7.4

CONCLUSIONS

In the West of Romania, for a single house, the solar contribution to the domestic hot water
preparation is 52% from the total required amount. The type of the used solar collector is a direct flow vacuum tube collector.
REFERENCES
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6.8. Assessment in terms of energy efficiency and comfort for the
passive house
S. Dorhoi
“Politehnica” University of Timisoara, Deparment of Building Services,Timisoara,Romania

I. Borza
“Politehnica” University of Timisoara, Deparment of Building Services,Timisoara,Romania

6.8.1 INTRODUCTION
Because the prices of energy are increasing and the protection for the environment is becoming
an important issue, choosing the HVAC system for a house depends on the efficiency and the
economic part. The heat pump uses the energy of environment from air, water, soil, solar energy reducing the CO2 emission.
The aim of the paper is to present a simulation with the energy economy from the solar system and reduction of the CO2 quantity.
The passive house studied is part of a duplex house with ground floor and first floor, the
other house being a semi passive house also with two levels to which will be compared. The
two houses are placed near Timisoara city and have the same structure, surfaces, but their orientation and HVAC system differs.
Timisoara has a climate characterized with hot summer and cold winter. The energy provided by solar system for our passive house can be used for helping the heating system for the
house in winter time and also for preparing domestic hot water for all sea-sons.
The passive house according to the PHPP calculations software the specific heat demand is
14 kWh/m2a a floor area of 140 m2.
6.8.2

THE HVAC SYSTEM

6.8.2.1 The heating and cooling system
The heating and cooling is provided by a heat pump air water. Because the outdoor temperature in winter time in Timisoara by the standard STAS 1907/98 is -15°C and in summertime by
standard STAS 6648/82 is 32°C the heat pump was dimensioned for the heating and cooling
peaks.
The heating peak for winter is 2 kW and the total cooling peak for summer 3kW. The heat
pump air-water functions in normal parameters till 7°C outdoor air temperature. In Figure 6.8.1
is presented the variation of COP (Coefficient of performance) with the outdoor air temperature for different heating flow temperature for heating season and EER (Energy efficiency ratio) for hot cooling season. When the outside temperature reaches -15°C the COP value is
nearly at 2. The heating and cooling in the rooms are provided by fan coils which can go with
these heat flow temperatures assuring the inside thermal comfort.
To increase the heating efficiency for the system, the heat pump is connected to a buffer
tank in which is also integrated an electric heater and the solar heat exchanger. The system is
presented in Figure 6.8.2. The buffer tank produces also domestic hot water provided by solar
energy, heating energy from the heat pump or heating energy form electric resistance.
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The separation between the heating an domestic hot water system from the cooling system
and is made by two 3 way valves, numbered with 12 in Figure 6.8.2.

Figure 6.8.1. Variation of COP and EER with the outside temperature at different heating and cooling
flow temperature

The system presented in Figure 6.7.2 is composed from: 1- Solar collector; 2 – Safety valve;
3 – Solar pumping system; 4 – Expansion vessel; 5 – Buffer tank for heating and domestic hot
water 750 l; 6 – Recirculation for domestic hot water; 7 – Heat pump outdoor unit; 8 – Heat
pump indoor unit; 9 - Hydraulic separator; 10 – Fan coils; 11 – 3 way valve for mixing the domestic cold water with the domestic hot water; 12 - 3 way valve switching from heating to
cooling; 13 - Circulation pump for fan coils; 14 - 3 way valve switching the solar energy from
the buffer to the ground.

Figure 6.8.2. Heat pump and solar system for heating and domestic hot water and also cooling system

In cooling mode the heat pump produce chill water and the buffer tank is bypassed going directly to the fan coils. The solar system is composed from 4 solar collectors (Vacuum tube collectors) each one having the surface of 3 m3. The solar system function is controlled by the
sensor S6 and S4 and the solar pumping system with variable speed and flow.
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6.8.2.2 The ventilation system
The ventilation system for the passive house is composed from a fresh air handling unit with
heat recovery system to an efficiency of 90%; the fresh air is led through a duct system under
the ground to warm up in the cold season and to cool down in the hot season. The temperature
of the soil in winter is approximately 7°C, and in summer 12°C, so the fresh air is warmed up
in winter from -15°C till 2°C, and in summer time is cooled from 30°C down to 16°C.
The air is extracted from the kitchen and bathrooms is led through an heat exchanger recovering the energy and giving it to the supplied air in the rooms.
Another fresh air duct will be connected to the air handling unit in parallel with the air duct
from the ground, which will have the fresh air intake on the outside wall and on the duct will
be mounted a coil. The coil is connected to a pipe filled with water and glycol placed in the
ground which in cold season preheat the fresh air and in hot season cool down the fresh air.
The water with glycol is circulated through the pipes placed in the soil at 1.2…1.5 meter depth
to the coil by a circulation pump presented in Figure 6.7.3.

Figure 6.8.3. Ventilation system with heat recovery from the soil and the extracted air

The system presented in Figure 6.7.3 is composed from: VU- Air handling unit with recovery; CR – Damper; P - Circulation pump; HC – Heating/Cooling Coil; FG – Fresh air intake.
6.8.3

THE SIMULATION OF SOLAR SYSTEM

The software used for the simulation is Tsol Pro 4.5, where the climate date from Timisoara
were introduced with the heating, cooling and domestic hot water demands. From Figure 6.8.4
we can see with 1 is the solar energy produced for heating and for domestic hot water (DHW)
versus the total energy consumption numbered with 2. The input climate data for Timisoara are
in Table 6.8.1:
Table 6.8.1. Climate data from Timisoara

_____________________________________________________

Region
Timisoara
_____________________________________________________
Latitude
45,77 °
Longitude
-21,25 °
Total annual radiation
1301,35 kWh
Diffuse Radiation Percentage
50,02 %
Mean
Outside Temperature
10,64 °C
_____________________________________________________
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Figure 6.8.4. Ratio of solar energy to the total energy consumption

The simulation results are presented in Table 6.8.2 and Table 6.8.3.
Table 6.8.2. General results on Annual Simulation

_____________________________________________________________________________

Surface of the collectors
17,47 m2
Total energy produced by the solar system
5,45 MWh
Energy produced by solar system for DHW
4,74 MWh
Energy produced by solar system for Heating
0,51 MWh
Auxiliary energy for providing Heating (Heat pump)
1,83 MWh
CO2 avoided emission
1452,47 kg
Percent
of solar energy for preparing DHW
86 %
_____________________________________________________________________________
Total electrical energy savings

2181 kWh

Table 6.8.3. Results on Annual Simulation per months

_____________________________________________________________________________

Year
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
_____________________________________________________________________________
Solar contribution to Heating in kWh
508
54 96 130 60
0
0
0
0
0 75 52
42
_____________________________________________________________________________
Energy from Heat pump to DHW in kWh
793
236 114 37 3
0
0
0
0
0
7 149 247
_____________________________________________________________________________
Energy from Heat pump to Heating in kWh
1036
367 176 35
6
0 0
0
0
0
5 142 305
_____________________________________________________________________________
Heating Energy Requirement in kWh
1545
421 271 165 66
0 0
0
0
0
80 194 347
_____________________________________________________________________________
System Efficiency in % (with 4 collectors)
29
49 48
37
30 23 23 19 21
23 37
46 46
_____________________________________________________________________________

From April till November the solar system can provide the demanded energy. The domestic
hot water consumption estimated for the occupants was 320 l/day and a maximum 378 l/day at
45°C temperature. In the Figure 6.8.5 we can see the maximum values of temperature in the
collectors for the entire year.
We can see that from March till November the temperature in panels is above 100°C which
means that in that period the only demand of solar energy was for DHW. The 4 solar collectors
provides to much energy which is not used, and for this reason this energy should be used to
keep warm a swimming pool or be delivered to the ground. Another solution should be to
cover 3 solar collectors and leave just one for the DHW needs. In case of covering 3 collectors
the temperature distribution in the collector is presented in Figure 6.8.6.
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The solar efficiency when 4 collectors are in function in the cold whole year is 29,3% below
50% which is the minimum recommended value. If three collectors will be covered for the hot
period and one will function the solar efficiency will be 57%.

Figure 6.8.5. Maximum temperature values in 4 solar collector

Figure 6.8.6. Maximum temperature values in 1 solar collector
Table 6.8.4. Price of the main components of the simulated system

_____________________________________________________________________________

Heating system with buffer
11237 Euro
Solar
system
18026 Euro
_____________________________________________________________________________

Total
6.8.4

29263 Euro
SUMMARY AND FUTURE PLANS

Because the passive house and semi passive house are not finished they cannot be com-pared
yet, the simulation part on the solar system and heating pump was only made. From the Table
6.7.2 it can be observed that the solar energy provided for heating is 25% from the annual heat
demand and 86% of the DHW but the cost of the solar system is very high.
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The ventilation system will be tested in both cases when the fresh air goes through the duct
from the soil and through the duct with the heat exchanger to see in which case efficiency is
higher. In the rooms will be monitored the parameters for determining the PMV (predicted
mean vote) and PPD (percent of dissatisfied people) to appreciate the thermal comfort.
The following energy consumptions will be monitored for the passive house: lighting and
utilities, heat pump for DHW, heat pump for heating and ventilation system and compared with
the energy consumption from the semi passive house.
REFERENCES
Csoknyai, T. 2009. Passive houses in Hungarian environment, Debrecen, “The 15th Building Services,
Mechanical and Building Industry Days”, pg .94-106.
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Talamon, A. 2009. The HVAC system of a Passive House, Diploma thesis, BME, Budapest, Hungary, P.
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6.9. Passive house and orientation
D. V. Stoian
Politehnica University of Timisoara, Timisoara, Romania

B. I. Botea
Politehnica University of Timisoara, Timisoara, Romania

6.9.1

GENERAL

6.9.1.1 Introduction
A passive house is defined as a building that has a very low energy consumption (max. 15
kWh/m2/year for heating and cooling and a total energy footprint of less than 120
kWh/m2/year). A dwelling which achieves passive house standards usually includes a few features that distinguish it from mainstream builds: careful planning in regard to orientation, window sizes, thermal insulation, airtightness. As such, passive houses are more dependent on orientation than conventional buildings. In our work we will try to analyze this hypothesis in
more detail.
6.9.1.1 Method
As we are working on a passive house project within the framework of another experiment we
considered the calculations already prepared as the basis for this work. The building is a fairly
regular residential dwelling, two stories in height, composed of a living room, a utility room
that doubles as a toilet and a kitchen on the ground floor and three bedrooms and one toilet on
the upper floor. While keeping all other parameters unmodified, the orientation of the house
was varied from 0 to 350 degrees around its vertical axis in 10 degree steps. This enabled us to
gather enough data to draw a conclusion. All calculations were made using the PHPP2007 passive house design package from the Passivhaus Institut in Darmstadt, Germany.
Energy consumption assessment
6.9.1.2 Input data
The building has a total built area of ca. 187 sqm and a living area of ca. 145 sqm. The ratio of
1.28 between these two values is unusually high for a traditional building but fits well with a
passive house. The building's original orientation was chosen in order to best fit the passive
house requirements and to comply also with local planning regulations. The data considered to
be relevant for the calculations is the percentage of windows on each facade, as described in
Table 6.9.1.
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Table 6.9.1. Passive house orientation dependent parameters

_____________________________________________________________________________

Parameter
North East
South West
_____________________________________________________________________________
Facade orientation 30
120
210
300
Facade area
93.10 50.30 93.10 50.30
Window area
0.00
12.69 16.50 9.68
Glazing area
0.00
9.60 11.80 6.90
%
glazing
0.00
19.08 12.67 13.71
_____________________________________________________________________________

Facade orientation is given in degrees, clockwise from true north. Areas are in square meters. As you can observe the maximum percentage of windows could not be oriented towards
the south because of the planning regulations.
6.9.1.3 Calculation results
The results of the energy assessment evaluation are shown in Table 6.9.2.
Table 6.9.2. Orientation and energy assessment results

_____________________________________________________________________________

Orientation
Annual method
Montly method
(degrees)
(kWh/sqm*year)
(kWh/sqm*year)
_____________________________________________________________________________
0
12.9
13.54
10
12.7
13.31
20
12.49
13.08
30
12.34
12.89
40
12.3
12.81
50
12.4
12.88
60
12.7
13.16
70
13.2
13.64
80
13.86
14.29
90
14.67
15.06
100
15.54
15.89
110
16.4
16.68
120
17.18
17.38
130
17.8
17.93
140
18.22
18.31
150
18.45
18.51
160
18.48
18.54
170
18.33
18.4
180
17.99
18.1
190
17.51
17.66
200
16.91
17.12
210
16.27
16.52
220
15.63
15.92
230
15.05
15.38
240
14.56
14.92
250
14.18
14.59
260
13.93
14.38
270
13.78
14.27
280
13.7
14.23
290
13.65
14.22
300
13.6
14.21
310
13.54
14.17
320
13.46
14.11
330
13.36
14.02
340
13.24
13.9
350
13.09
13.74
_____________________________________________________________________________
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Orientation is shown in degrees relative to the original position of the building, clockwise.
The results show a small variation in absolute numbers but a great relative variation. While one
would not consider a variation of a few kWh/sqm*year a large number in practice, when taken
into account the energy consumption of a passive house the variation is quite large.
Table 6.9.3. Energy assessment variation

_____________________________________________________________________________

Parameter

Annual method
Monthly method
(kWh/sqm*year)
(kWh/sqm*year)
_____________________________________________________________________________
Minimum value
12.30
12.81
Maximum value
18.48
18.54
%
variation
50.24
44.73
_____________________________________________________________________________

A graphical depiction of the values in Table 6.9.3 is shown below in Figure 6.9.1.

Figure 6.9.1. Energy consumption variation

It is interesting to note that while the maximum value is shown at an orientation of ca. 160 degrees and the minimum value occurs for an orientation of ca. 40 degrees, there is a tendency of
a second (local) minimum at an orientation of ca. 260 degrees. Also beside the minimum there
is an almost flat response in the area from 260-350 degrees. These phenomena occur because
of the physical characteristics of the building.
6.9.2

CONCLUSION

6.9.2.1 Preliminary
A passive house is dependent on orientation. The large relative variation clearly shows the degree of sensitivity a passive house exhibits in regard to orientation. While a 10% variation from
the minimum value is shown over more than 90 degrees allowing for some margin in regard to
actual conditions on site and planning regulations, a badly chosen orientation can very much
impact on the energy consumption of the building. A 10 % variation from the maximum also
spreads over ca. 90 degrees and clearly shows a reciprocity in regard to the minimum. The assymetric shape of the variation curve stems from the assymetrical nature of the building in regard to orientation.

315

Integrated Approach towards Sustainable Constructions
______________________________________________________________________________________________________

REFERENCES
Sommer, A. 2008. Passivhauser. Planung – Konstruktion – Details – Beispiele. Koln: Rudolf Muller
GmbH & co. KG.
Feist, W. & Pfluger, R. & Kaufmann, B. & Schnieders, J. & Kah, O. 2007. Passive House Plannign Package 2007, Technical information PHI-2007/1. Darmstadt: Passivhaus Institut.
Schnieders, J. (2006), Heat Load Calculations and Passive House Requirements in Northwest European
Climates, 10th International Passive House Conference Proceedings, 2006 Hanover, Germany.
Fingerling, K. & Feist, W. & Otte, J. & Pfluger, R. (2001), Das kostengünstige, mehrgeschossige Passivhaus in verdichteter Bauweise, Konstruktionshandbuch für Passivhäuser, Darmstadt, Germany.

316

Part II – Eco-efficiency
______________________________________________________________________________________________________

Chapter 7 – Guidelines for buildings and built environment
Coordinator: Getachew Assefa Wondimagegnehu

7.1. Guidelines for the creation of a healthy indoor environment.
General criteria and applications: construction materials
E. Efthymiou
Institute of Metal Structures, Aristotle University of Thessaloniki, Thessaloniki, Greece
S. Russo Ermolli
Department of Urban Design and Planning, University of Naples Federico II, Naples, Italy
P. Spiezia
Faculty of Engineering, University of Naples Federico II, Naples, Italy
7.1.1

INTRODUCTION

Causes related to the definition of healthiness or indoor quality (IQ) are many and among them
correlate, and invest all the phases of building design and construction: from the choice of the
location, to the definition of the building typology, from the functional organization, to the
installation choices, including management and maintenance phase. A central responsibility is
also attributed to the decisions related to building techniques and materials. Fifteen possible
issues for the environmental control of IQ can be identified as the following:
Conditions of psycho-perceptive comfort
Visibility
Acoustic insulation
Natural lighting
Artificial lighting
Natural ventilation
Artificial ventilation
Sunshine duration/thermal radiation
Conditions of ergonomic comfort
Conditions of sanitary protection from animal intrusion
Conditions of olfactory comfort
Protection from chemical pollution
Eco-compatibility of building materials and components
Humidity conditions (with reference to ventilation and sunshine duration)
Protection from electromagnetic pollution
In design phase, the distribution layout, the choice of construction techniques and building
materials have a meaningful impact on indoor quality: with a correct distribution it’s possible in
fact to insulate and contain the most polluting activities or make the fittings more accessible, so
to facilitate its maintenance; with an aware choice of building techniques and materials it’s
possible to keep under control the potential level of pollution or to maximize natural ventilation
and lighting.
This doesn't exclude the employment of innovative techniques, neither imposes the use of
“ecological” material that often are not healthy (as it results for the tiles or the stones that
present in some cases source of radon or for the timber, when treated with dangerous
pesticides). Rather, can happens that using the most innovative technologies (like in Home
Automation) these could allow, with continuous monitoring, the control of the different issues
related to indoor quality.
In any case it’s necessary the use of a rigorous design process using tools of verification able
to exclude or reduce the errors related to IQ. The design support tools can have different levels
of complexity: Guidelines represent recommendations that describe the activities, the operations
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needed to be included during the design phase. The “Guidelines for the creation of an healthy
indoor environment” can have this scheme:
A) Recommendations related to the location of the building (like: choosing a place with
environmental favorable conditions, avoiding damp soil, and without settlement or radon
risk; placing the external air-intake grill away from roads pollution, parking lot and
industries; orientating the building in relation to sun, wind, external environment and
necessity of contact with the context; etc.);
B) Recommendations related to building techniques (like: maintaning away water from
foundations, windows and walls; ventilating the parts of building in damp condition;
avoiding hazardous solutions: flat roofs, slabs in contact with the soil, etc.);
C) Recommendations related to construction materials (like: requiring information on
pollutant’s presence; using low emission, stable and durable materials; avoiding protective
agents against biological degradation; etc.);
D) Recommendations related to plants (like: assuring that plants technology is simple and able
to permit use changes in the course of time, that is easy to control, clean, repair and replace
the components; that the plant is silent and without low frequency noises; permitting that
users might individually regulate the climate and the air flow; etc.).
7.1.2

RECOMMENDATIONS RELATED TO CONSTRUCTION MATERIALS

The selection of materials and products to be used in building construction is up to designer and
contractor, who often decide depending on two criteria: the adaptability of material and the
relation among use, performance and cost. The choice is therefore focused more on the
advantages that the product can offers, than on a careful investigation on material specific
characteristic and nature. This affects the construction phase, with inevitable errors and related
effects on indoor quality of spaces. The main responsibility for IQ worsening can be imputed to
the decision of selecting certain materials and product for structural parts, walls, partitions,
coatings and linings. The most important pollutants are Volatile Organic Compounds (VOC):
pollutants that are emitted by the majority of building products, but mostly by coating products
and by intermediate materials used in placing phase, like adhesive and sealing.
Important factors that strongly affect the emission of polluting substances from building
products are:
- environmental aspects (air temperature, relative humidity, air change);
- ratio between the quantity of exposed product and room volume;
- material’s age and its maintenance state;
- conditions of use;
- formalities of maintenance and cleaning.
Considering the relations between building products characteristics and indoor air pollution,
it is possible to limit the negative effects pre-emptively operating not only on products’
selection, but orientating the choice toward placing techniques, maintenance and cleaning
formalities as less as possible polluting. It is therefore recommended to follow some useful
criteria:
- make sure that materials are stable and durable and foresee a maintenance and/or
replacement program;
- carefully evaluate the ratio between cubic volume and potential polluting surface of
product, as well as the ratio between exposed surface of product and volume of the room
where the product will be placed;
- avoid wide surfaces of absorbing materials, like fabric;
- select easy cleaning materials, that don’t require the use of polluting products for
cleaning and maintenance phase;
- avoid the use of protective agents against biological degradation;
- select low-emission products, on the base of technical information;
- choose the most appropriate placing technique;
- choose the less polluting finishing, selecting products with no-absorbing surface;
- respect the drying time of adhesive and paint, before using indoor spaces;
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-

place materials in ventilated spaces before using;
select tested and certified products, with specific technical information on possible
harmful substances.

Table 7.1.1. VOC emissions by building products (Commissione del Ministero della Salute, 1999)
Source
Basic materials:
Casting
Plasterboard
Expanded polystyrene
Flooring:
Fitted carpet (1h)
Vinylic flooring (1h)
Linoleum
Soft pine wood not treated
Coating:
Acrylic paint
Polyurethane paint for timber (<10h)
Flooring paint (24h)
PVC wall covering
Placing product:
Wall covering adhesive (24h)
Fitted carpet adhesive (24h)
Silicone sealing (<10h)

Emission µg/mqh
<5
26
1.400
411
22.280
220
216
430
9.000
4.700
100
270.000
100.000
13.000

Table 7.1.2. Indoor pollution risks in relation to products’ features and environmental/use conditions
(Commissione del Ministero della Salute, 1999)
Features
Material

Risk factor
- Presence of feeding (paper, lignin,
casein) for fungi in natural materials
- VOC

Mass porosity

- presence of cavities or/and
microcavities
- cleaning difficulty
- water absorbing during cleaning phase
- VOC absorbing
- loss of insulation power
- material degradation
- with solvent based adhesive
- with humid techniques
- with dry techniques

Porosity or surface
waviness (fleece
factor)
Behavior in presence
of humidity
Placing techniques

Use conditions

Product exposure

- direct contact with users
- high extension of surface (square
m/cubic m)
- use wear
- hygiene and cleaning ability
- exposure to air convection movements
- exposure to humidity and high temp.
- exposure to sun irradiation
- exposure to chemical and biological
agents
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Indoor Air Quality risk
- fungi and mold in case of high
humidity
- VOC emission within six weeks
from placing with high
temperature or/and humidity
- particles presence and emission
- sponge effect
- biological pollutants
- emission of VOC absorbed
- mold development
- particles emission
- VOC emission
- retained humidity; VOC
emission
- powder and parasite
- highest risk of exposure
- particles emission
- microbiological development
- transport of polluting substance
- VOC emission; microbiological
development
- material degradation
- emission of chemical substances
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A detailed table of contents of the Guidelines related to construction materials is the
following:
Recommendations related to Construction Materials
1.
Structures
2.
Walls
3.
Partitions
4.
Thermal and acoustic insulation
5.
Waterproofing
6.
Coatings
7.1.3

GUIDELINES FOR STRUCTURES

Considering the contribution to IQ of materials and elements used for structural systems of
buildings, a distinction between foundation systems and elevation structures must be made. In
the case of foundation a first level of interference might be found on wrong structural design of
its elements with development of breakthroughs that form a possible access of pollutant agents
coming from the subsoil (like radon). Wrong structural design can also cause microfissures on
walls and infiltration with potential proliferation of localized biological pollution.
Specific direct contributions to indoor pollution of materials used for elevation structures are
generally not evident. The most important issue for steel and timber is related to fire protection
systems used, like coatings or treatments with fire retardant products. In the specific case of
timber composite materials (laminated wood, parallam, etc.) the problem is focused on the
characteristic of the glue used for assembling the parts. Refer to chapter 2 on Walls for details
on load bearing masonry solutions, since its structural behavior has no effect on indoor air
quality.
7.1.3.1 Reinforced concrete (for foundation and elevation structures)
 Concrete impermeability and porosity depends on the degree of compactness and on
concrete content: this aspect may have importance for indoor pollution in case of
buildings on soil with high concentration of radon emissions.
 During the using phase of concrete any specific health hazards for workers are present,
except for the necessary attention to concrete preparation and to its powder content. So
it is recommended to use protective masks during the operation.
7.1.3.2 Steel
 During the using phase of steel no specific risk conditions for workers are present. The
main problem is the vulnerability of steel structures under fire loading. The more used
technologies for fire protection of structural steel are:
- concrete encasement;
- insulating board systems;
- intumescent paints;
- protection with timber.
For details related to the use of concrete encasement, refer to paragraph 2.1. Insulating
board systems are typically slab-type materials made from calcium silicate, gypsum
plaster or mineral fiberboard with resin or gypsum, and may contain lightweight fillers
including vermiculite. For details related to this technology, refer to paragraph 3.5 and
chapter 4. Intumescent paints have two key components: a resin binder and a mixture of
chemicals that decomposes and releases a gas when heated. Intumescents are available
in liquid form and are typically applied via airless spray equipment. At the moment
there are not available information regarding potential harmfulness of such treatments
and of its contribution to indoor pollution. For details related to the use of timber
protection to steel elements, refer to paragraph 2.3.
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7.1.3.3 Timber
 It is recommended to use wood without polluting or harmful treatment used after the
cut, avoiding wood treated with products containing compounds like fluorhydric acid,
benzene, mercury dichloride, calcium cyanide, PCP, DDT, etc.
 It is recommended to avoid adhesive assemblage and chinks sealing with foam, resin,
lute and silicon.
 Urea-formaldehyde laminated timber releases doses of freely formaldehyde, especially
during the increase of relative humidity in indoor spaces.
 It is recommended to avoid the use of fireproof treatments with chemical products.
 Using polyurethane or epoxy varnish as timber finishing may release polluting
emissions.
 It is recommended to avoid the periodical use of impregnate preservative and colouring,
because they don’t realize a protective surface film and may release polluting
emissions.
7.1.4

GUIDELINES FOR WALLS

Materials and products used for external walls rarely have direct contact with building users:
only in cases of fair-faced internal solutions there are some possible effect on indoor air quality.
The most important general issues related to materials and products used for external walls are:
- potential contribution in terms of natural radioactivity;
- grade of permeability towards the passage of water vapour produced in indoor spaces.
Critical points are caused by the possible presence of thermal bridges (especially on corners
and connection points of different elements) that produce condensation on wall internal face
with possible proliferation of mould and fungi. If not well realized, ventilated cavities in walls
may channel radon in indoor spaces or, in presence of fibrous insulation, dust and fibers. Indoor
air quality doesn’t coincide in fact only with the characteristic of materials and products used,
considering that errors made in the construction phase may substantially influence IQ.
In the present chapter there are also described the more used window and door casements,
whose contribution to IQ is strictly related not as much with their material but more with the
finishing treatment required (coating, impregnation, etc.) and with the different auxiliary
products used on site (adhesive, sealant, gasket, etc).
7.1.4.1 Brick (solid brick, hollow clay block, clay air brick)
 Raw materials used for bricks (mainly clay and sands) don’t have specific health hazard
for interior spaces. The content of crystal silica is non influential in terms of potential
exposition in wall plastering. Radioactivity content, even if variable, is basically
limited.
 The traditional laying on mortar bed doesn’t produce any type of emissions once the
wall has been completed.
 Brick is characterized by good water vapour permeability. It is recommended not to
alter this property adding functional layers with high vapour resistance factor (µ).
 Brick walls, if correctly realized, have high durability and doesn’t require at medium
term specific maintenance actions.
 During fire the material doesn’t produce noxious fumes.
7.1.4.2 Autoclaved aerated concrete - ACC (lime and/or cement, quartz sand, aluminum
powder and water)
 In standard conditions the use of aerated concrete blocks joined with thin bed mortar
(thickness 1 - 2 mm) doesn’t present specific health hazards.
 ACC walls have good thermal resistance and good water vapour permeability: very
important properties for microclimate regulation and biologic pollution control.
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 ACC walls, if correctly realized, have high durability and don’t require at medium term
specific maintenance actions. The main risk is related to its rigidity due to the use of
thin bed mortar. In case of cracks for contraction or settlement it is recommended to
reconstruct the finish layers.
 During fire the material doesn’t produce noxious fumes and can act as fire barrier.
7.1.4.3 Light aggregate concrete (blocks containing vermiculite, perlite, pumice, foamed slag,
expanded clay or clinker instead of sand)
 Lower density of these blocks, for the presence of higher granulometry of the
aggregates, has effects on hygrometricity increase that must be evaluated in relation to
specific needs of the interventions.
 In case of fair-faced solution it is recommended to foresee the use of blocks able to
guarantee a necessary water-tightness to the wall.
 Walls with light aggregate concrete block, if correctly realized, don’t require at medium
term specific maintenance actions.
 During fire the material doesn’t produce noxious fumes.
7.1.4.4 Wood casement (fixed frame, sash frame)
 The contribution to IQ of wood casements is minimal, considering the overall surface of
the frame.
 It is recommended to prefer glued frames with vinylic, melaminic and phenolic
adhesives, avoiding urea-formaldehyde adhesives.
 It is recommended to avoid chinks sealing with foam, resin, lute and silicon.
 It is recommended to avoid glazing assemblage with injected liquid silicon considering
the amount of VOC emitted and the following degradation to UV exposition.
 It is recommended to clean the glazing with water based liquid cleaning, limiting the
use of spray products with CFC, HCFC, CO2 emissions.
 In case of sealing frame replacement it is recommended to prefer natural or artificial
rubber (neoprene, styrene, etc.).
 In case of periodical maintenance of the frame with finishing coat it is recommended to
use solvent base products, limiting as much as possible the use of bicomponent paint
and enamel (like polyurethane or epoxy paint).
7.1.4.5 Aluminium casement (fixed frame, sash frame)
 The contribution to IQ of aluminium casements is nearly null, considering the nature of
the material and the exposed surface.
 No information are available on harmful emissions of resin used in aluminium finishing.
 Service life of aluminium casements doesn’t present polluting or harmful emissions.
 For the purposes of IQ control it is recommended to verify the overall tightness of the
aluminium casement.
 It is recommended the use of air vent equipped casements or with partial opening
systems.
 It is recommended to clean the aluminium frame with neutral products and 20°C water.
7.1.4.6 Steel casement (fixed frame, sash frame)
 The contribution to IQ of steel casements is nearly null, considering the nature of the
material and the exposed surface.
 No information are available on harmful emissions of finishing (polyurethane, epoxy,
polyester or acrylic paint) used for steel frame protection.
 Service life of steel casements doesn’t present polluting or harmful emissions.
 For the purposes of IQ control it is recommended to verify the overall tightness of the
steel casement.
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 It is recommended the use of air vent equipped casements or with partial opening
systems.
 Steel frame requires periodical maintenance and cleaning with neutral products.
7.1.4.7 PVC casement (fixed frame, sash frame)






Rigid PVC is an inert resin and in practice harmless.
It is recommended to use PVC frames finished with vinyl and polyurethane products.
It is recommended to limit the use of placing solutions with adhesive, foam, and silicon.
It is recommended to avoid the use of injected liquid silicon for the glazing installation.
It is recommended to clean the glazing with water based liquid cleaning, limiting the
use of spray products with CFC, HCFC, CO2 emissions.
 In case of sealing frame replacement it is recommended to prefer natural or artificial
rubber (neoprene, styrene, etc.).
7.1.5

GUIDELINES FOR PARTITIONS

Materials and products used for partitions rarely have direct contact with building users: only in
cases of fair-faced solutions there are some possible effect on indoor air quality. Partitions are
also fairly exposed towards possible proliferation of biologic pollution (condensation) for the
slight difference of temperature between the two sides.
7.1.5.1 Brick (hollow clay tiles, clay air brick)
 Raw materials used for bricks (mainly clay and sands) don’t have specific health hazard
for interior spaces. The content of crystal silica is non influential in terms of potential
exposition in partition plastering. Radioactivity content, even if variable, is basically
limited.
 The traditional laying on mortar bed doesn’t produce any type of emissions once the
partition has been completed.
 To avoid noise transmission it is recommended to install apposite barriers and flexible
joints on contact points with floor slab.
 Brick partitions, if correctly realized, have high durability and doesn’t require at
medium term specific maintenance actions.
 During fire the material doesn’t produce noxious fumes.
7.1.5.2 Autoclaved aerated concrete - ACC (lime and/or cement, quartz sand, aluminum
powder and water)
 In standard conditions the use of aerated concrete tiles joined with thin bed mortar
(thickness 1 - 2 mm) doesn’t present specific health hazards.
 ACC partitions, if correctly realized, have high durability and don’t require at medium
term specific maintenance actions. The main risk is related to its rigidity due to the use
of thin bed mortar. In case of cracks for contraction or settlement it is recommended to
reconstruct the finish layers.
 To avoid noise transmission it is recommended to install apposite barriers and flexible
joints on contact points with floor slab.
 During fire the material doesn’t produce noxious fumes and can act as fire barrier.
7.1.5.3 Light aggregate concrete (tiles containing vermiculite, perlite, pumice, foamed slag,
expanded clay or clinker instead of sand)
 To avoid noise transmission it is recommended to install apposite barriers and flexible
joints on contact points with floor slab.
 Partitions with light aggregate concrete tiles, if correctly realized, don’t require at
medium term specific maintenance actions.
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 During fire the material doesn’t produce noxious fumes.
7.1.5.4 Gypsum (hollow tiles)
 Radioactive risk related to the original content of rocks is extremely variable.
 High level of micro and macro porosity of tiles can potentially produce the absorption
of pollutant lost in air and its following release, according modalities related to
temperature and humidity indoor conditions. Fining off with fine plaster doesn’t alter
this behavior.
 To avoid noise transmission it is recommended to install apposite barriers and flexible
joints on contact points with floor slab.
 Gypsum partitions, if correctly realized, don’t require at medium term specific
maintenance actions.
7.1.5.5 Gypsum plasterboard (dry connected sheeting layers on galvanized cold formed steel
sections)
 Radioactive risk related to the original content of rocks is extremely variable.
 High level of micro and macro porosity of plasterboard can potentially produce the
absorption of pollutant lost in air and its following release, according modalities related
to temperature and humidity indoor conditions. The presence of paper facing doesn’t
alter this behavior.
 The evaluation of health hazard for the possible presence of insulation materials in the
cavity is discussed in chapter 4.
 Plasterboard partitions, if correctly realized, don’t require at medium term specific
maintenance actions.
 For galvanized steel sections, refer to paragraph 1.2
7.1.6

GUIDELINES FOR THERMAL AND ACOUSTIC INSULATION

An important contribution to IQ is assigned to the choice of an appropriate thermal and acoustic
insulation system. To assure acoustic comfort a deep knowledge of this physical issue is
required, in relation to a careful design of wall, floor, partition and its connection aimed to avoid
the creation of acoustic bridges. To assure thermal comfort especially relevant is the insulation
performance for example in relation to the reduction of thermal variation of the envelope, the
exclusion of surface condensation phenomena and the absence of thermal bridges.
A wrong choice of insulation material in relation to its characteristic of permeability,
durability, thermal conductivity, etc. can rapidly produce quite serious pathologies that have
close relation with indoor air pollution.
Health hazard for building users due to the emission of pollutant products from insulation
materials depends on the position of the insulation: generally however the more used insulation
products don’t have direct contact with building users and therefore it is excluded a significant
exposition to emitted pollutant.
7.1.6.1 Glass fiber and Rock wool (panels and jackets)
 Several studies has underlined the absence of relation between glass fiber or rock wool
and serious pathologies of breathing apparatus.
 Health hazard of glass fiber or rock wool insulation varies in relation to the position in
the envelope: really limited risks are known if placed in wall cavity. If placed in
suspended and false ceilings health hazard can include the possibility of fiber release in
the course of time, especially in case of slatted or microperforated panel.
 If correctly placed glass fiber or rock wool insulation don’t require specific maintenance
actions. CEE Directive 67/548 (and following modifications) rules fiber dispersion
during maintenance, removal and disposal operations.
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7.1.6.2 EPS/XPS (expanded/extruded polystyrene blocks and panels)
 Possibility of chemical pollutant release is related to product’s age, to its state of
conservation and exposition to atmospheric agents.
 Waterproofing of closed cells is in inverse proportion to product’s age: is therefore
possible in the course of time a release of cell content, mainly formed by residual of
expanded agent vaporization used.
 If correctly placed EPS insulation don’t require specific maintenance actions.
 During fire EPS products produce toxic gases (methane, ethane, benzene, etc.).
7.1.6.3 Polyurethane (rigid foam blocks and panels)
 Several studies has underlined the absence of relation between polyurethane insulation
and serious pathologies of breathing apparatus.
 Health hazard of polyurethane insulation due to the possible emission of chemical
pollutants varies in relation to the specific modalities of use and to the position in the
envelope.
 If correctly placed EPS insulation doesn’t require specific maintenance actions.
 During fire polyurethane products produce gases (cyanidric acid, nitrogen oxide, etc.)
whose level varies in relation to foam characteristics.
7.1.6.4 Mineralized wood (cement-bonded particleboard made with portland cement and
mineralized wood particles)
 The material is considered essentially inert in relation to biological pollutants
proliferation.
 Service life of mineralized wood doesn’t present release of harmful products.
 Possible health hazard varies in relation to the position in the envelope.
 If correctly placed mineralized wood insulation doesn’t require specific maintenance
actions.
 During fire the material doesn’t produce gas or noxious fumes.
7.1.6.5 Cork (blocks and panels)
 Cork is a natural product and doesn’t present harmful contents or release any type of
noxious emissions.
 It is recommended to prefer the use of dry connections.
 If correctly placed cork insulation doesn’t require specific maintenance actions.
 During fire the material doesn’t produce gas or noxious fumes.
7.1.6.6 Expanded vermiculite
 The material doesn’t present harmful contents or release any type of noxious emissions.
 If correctly placed expanded vermiculite insulation doesn’t require specific maintenance
actions.
 During fire the material doesn’t produce gas or noxious fumes.
7.1.7

GUIDELINES FOR WATERPROOFING

An important contribution to IQ is also assigned to an appropriate waterproofing system,
carefully selecting the most suitable products in relation to design requirements. To assure an
appropriate waterproofing a deep knowledge of physical-chemical characteristic of materials
and placing conditions is required. An appropriate waterproofing system protects building
integrity preserving from microbiological pollution. Service life of waterproofing products
doesn’t present specific health hazard for users considering its exterior position.
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7.1.7.1 Elastomeric/Elastoplastomeric membrane
 In placing phase workers might be exposed to risks from inhaling bitumen vapors. So it
is recommended to use protective masks during the operation.
 Considering its exterior position no specific health hazard for users are present.
7.1.7.2 PVC sheath
 In placing phase workers might be exposed to risks from inhaling PVC dust and
chlorine. So it is recommended to use protective masks during the operation.
 Considering its exterior position no specific health hazard for users are present.
7.1.7.3 Acrylic resin
 In placing phase workers might be exposed to risks from inhaling dusts. So it is
recommended to use protective masks during the operation.
 Considering its exterior position no specific health hazard for users are present.
7.1.7.4 EPDM layer
 In placing phase workers might be exposed to risks from inhaling solvents. So it is
recommended to use protective masks during the operation.
 Considering its exterior position no specific health hazard for users are present.
7.1.8

GUIDELINES FOR INDOOR COATINGS

The investigation on the responsibilities attributable to the interior materials and products
assumes a wider importance compared with those related to structures or filler walls. In our case
in fact the ratio between material exposed surface and room volume is very high. Also basically
high is the ratio between product exposed and volume: a factor that can potentially favor the
emission of volatile substances contained in the material mass. These elements, together with
the possibility of direct contact between materials and indoor spaces occupants, cause that the
emission of possible pollutant may induce a higher exposure factor and, therefore, situations
with higher risk level.
A further remark, mainly related to flooring coatings, is that the stress from use wear can
significantly contribute to accelerate the emission of pollutants eventually contained in them or,
in any case, to produce powders able to worsen the pollution conditions. It must be add that in
many cases, more than investigating on the specific harmfulness of coating materials, more
important is to verify the contribution of auxiliary products used to place the floor and the
analysis of the global behavior of flooring-adhesive system.
From the point of view of fire reaction some coatings have different behavior: some of them
are inflammable (paper, fabric, wood), others can be used as fire protection (like plaster), in any
case, during the fire, is important to verify the possible emission of toxic smokes from coatings.
In some spaces with specific destinations, for instance laboratories, coatings should present
resistance to chemical aggression, or should be inactive to chemical substances present in
spaces.
The choice of material, the surface treatment (more or less smooth), as well as the color,
effect the visual comfort of indoor spaces, improving comfort conditions, optimizing the use of
natural and artificial light and contributing to the reduction of energy costs.
In any case the materials used for coating don’t have to emit powder or harmful exhalation, in
phase of realization and placing; during the use, also under special conditions (like high
temperature, wear or humidity); in maintenance, removal and disposal phase.
Indoor coatings can be realized with different materials, some of which require further layer
of finishing. As a rule each material and application system it is characterized by high
performance level in specific function, not in general: is responsibility of design phase to
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individualize the best solution for the specific case. As example, specific recommendations are
given for some product and material:
7.1.8.1 Lime plaster (lime and water only) and Plaster (a mixture of gypsum plaster, sand and
water, that is applied to walls and ceilings whilst plastic and that hardens as it dries)
 During the plaster preparation and in case of removal, workers might be exposed to
risks from powder inhaling. So it is recommended to limit powder dispersion and to use
protective masks during the operation.
 During its life it is possible the emission, although of minimum quantity, of harmful
substances (radiation) due to the nature itself of raw materials. The effect can be
reduced through the natural ventilation of indoor spaces.
7.1.8.2 Floor laying (usually Portland cement mortar bed)
 Considering that it is always foreseen the flooring realization, the possibility of indoor
pollution related to these products is practically excluded after flooring laying.
 During the laying preparation the only health hazard is related to the possibility by
workers of powder inhaling during binder-water mixing. So it is recommended the use
of protective masks during the operation.
7.1.8.3 Terracotta tiles
 The possibility that some components of puddled clay may present a content of natural
radioactivity is extremely variable in relation to the nature and the origin of raw
materials.
 After tiles placing, their contribution to indoor pollution is unimportant, both in relation
to the possible emission of free crystal silica and other combustion residual related to
firing processes. Latent and extremely variable remains the risk related to the original
content of natural radioactivity. No recommendation during fire, because the nature of
material doesn’t produce fumes potentially dangerous.
 Unglazed terracotta tiles can be subject to surface abrasion and to the consequent
emission of powder. So it is recommended the use of protective treatment
(waterproofing type).
7.1.8.4 Ceramic glazed tiles
 The concentration of lead and other pollutants, produced directly or for mechanical
abrasion, is unimportant. Also in this case, latent and extremely variable remains the
risk related to the original content of natural radioactivity.
 Due to a good surface resistance to abrasion and high water-tightness, these materials
don’t need specific recommendation in order to prevent indoor pollution.
7.1.8.5 Stoneware tiles
 The contribution to IQ of the raw material used is unimportant after that the product has
been placed. The risks, both in terms of possible emission of free crystal silica and other
combustion residual, are drastically reduced by the vitrification during the firing
process.
 The risk of radioactive contribution due to the original content of radionucleides
belonging to uranium, thorium and potassium families, can be reduced through the
natural ventilation of indoor spaces.
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7.1.8.6 Marble tiles
 Placing marble tiles with cement mortar bed has no implication on IQ.
 Measuring test realized on marble samples coming from different European areas, show
the unimportant concentration of radionuclides.
7.1.8.7 Wooden floor (parquet)
 It is recommended not to use product without certification and to require always a file
with technical data and health survey.
 It is recommended to limit the use of timber treated with products containing: fluoridric
acid, alcohols, benzene, PCP, DDT, etc.
 It is recommended to prefer seasoned material and without treatment, with percentage
of residual humidity between 12-14%.
 In laminated wood, resin glue might release volatile organic compound for a long period
of time, producing indoor spaces pollution and hyperaesthesia or allergy to users. The
effect can be reduced through the natural ventilation of indoor spaces.
 It is recommended to avoid the sealing of spaces among wooden elements with foam,
resin, lute or silicon. Resin glue might release VOC for a long period of time producing
indoor spaces pollution and hyperaesthesia or allergy to users. The effect can be
reduced through the natural ventilation of indoor spaces.
 During its life it is recommended to limit the use of polyurethane or epoxy paint, and of
impregnation preservatives and colorant.
7.1.8.8 Fitted carpet (moquette)
 It is recommended to the avoid an intensive use of natural fiber carpet (wool), excluding
bathroom and kitchen areas, basement and cellar spaces because of the possible
production of biological pollution. Microorganism, fungi or mould might produce
allergy to respiratory system or contact allergy.
 In case of polyamide fiber carpet it is recommended to avoid solvent based adhesives
because of VOC emission. It is therefore recommended the use of “low emission”
adhesives and to ventilate appropriately the spaces during and after the adhesive use.
During fire can be produced harmful substances with the presence of dense smoke.
 It is recommended the daily cleaning with carpet sweeper equipped with filter for thin
powders. Washing should be made with “injection-extraction” machines. Spaces should
be ventilated for about 6/8 hours after the operation.
7.1.8.9 Linoleum floor
 Make sure by the manufacturer that the product has been well-reasoned, to avoid
temporary allergy to users.
 Fastening should be made with synthetic or natural resin adhesive in alcohol solution.
This operation doesn’t produce specific risks for user’s health. Spaces should be
ventilated for about 6/8 hours after this operation.
 Cleaning should be done with flat detergent and water. Possible floor polishes should be
compatible with floor composition and they are not necessary to ordinary maintenance.
 In linoleum without protection layer, maintenance should be realized through periodical
polishing (usually 6 months) with linseed oil.
7.1.8.10Wallpaper
 The incidence of wall paper on IQ is strictly connected to conditions and product for the
placing. Usually adhesives used are additivated with synthetic resin and anti-mold
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products, responsible of VOC release especially in the first days after the placing. It is
therefore recommended to ventilate appropriately indoor spaces during and after the
operation.
 During its life doesn’t result any possible risk for user’s health related to the nature of
the product.
 It is recommended to use wet cloth and soap water to clean washable wall paper,
reducing the use of cleaning products responsible of VOC release and spray products
releasing CFC, HCFC and CO2.
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7.2. Supporting efficient water management in buildings and built
environment - Guidelines
G.A. Wondimagegnehu
University of Calgary, Calgary, Canada

V. Buhagiar
Faculty for the Built Environment, University of Malta

7.2.1

BACKGROUND

One trillion tons of water rains down on the planet every day, yet mankind allows most of it to
fall back into the sea. On average it takes about 10 days for water to travel from the ocean to
the atmosphere across the land, and back to the sea. In tropical coastal area, this journey requires only a few hours whereas in polar regions it might take as long as 10,000 years. The
continents receive about 105,000 cubic kilometres. While some 63,000 cubic kilometres of this
evaporates from lakes, rivers, aquifers, soil and plants, the remaining 42 000 cubic kilometres
of water is stable by runoff by rivers and streams.
The water problem is of three types namely: quality, quantity and proximity. The guideline
focuses mainly on the first two dimensions from the European built environment and buildings
perspective. It aims at supporting the construction and operation of buildings with significantly
lower water footprint.
7.2.2

TARGET GROUP

Since this guideline tries to cover buildings and built environment, it targets different stakeholders within and outside a given country. In doing so, it recognises the impact of global flow
and distribution of water among communities. It targets primarily politicians, city planners, architects and engineers who are involved in any way with collection, storage and distribution of
water.
7.2.3

CRITERIA FOR SELECTING SOLUTIONS

Water footprint is used as performance indicator. Hence, the overall construction and operation
of the building should be assessed from the perspective of achieving a lower water footprint
with an ambition of realising a water neutral status. Although seemingly hard to achieve, it is
possible particularly in single unit (house) dwellings. With apartments, it is more difficult but
still not considered impossible, especially if there is an underlying social conscience within the
community. Considerable water savings are achieved in Eco-villages where such an environmental conscience already unites the people together.
7.2.4

QUANTITY OF WATER

Water distribution features unevenly in Europe. The average annual rainfall varies from 3 000
mm in Western Norway and 100-400 mm in Central Europe to less than 25 mm in Central and
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southern Spain. The per capita water availability can be classified as high (> 20 000 m3), low
(< 5 000 m3) and extremely low which is benchmark of scarcity (< 1 000 m3). Malta for example has only 100 m3 per capita per year (Met Office, 2009).
While countries with 50% of Europe’s population have no water ‘stress’, nine countries
(32% of population) including Belgium, Denmark, Romania, Greece, Portugal and Turkey
have low water stress whereas countries such as Cyprus, Greece (Islands), Italy, Malta and
Spain(18% ) are considered water stressed countries. As evident, these are countries within the
Mediterranean basin, where precipitation is scarce and the little that is collected naturally is
used intensely by their local population and the intense tourist industry.
This natural stress is aggravated by water wastage. Inefficient fixtures and fittings that account for excessive water consumed and wastewater generated contribute to this wastage.
Wasting high quality drinking water in meeting functions such as flushing and gardening that
can be done with lower quality water requires due attention. Wasting rain water that could be
utilized for meeting functions of higher quality is also a concern. In general linear use of water
has led to the depletion and pollution of water in many cities.
The average daily water use per capita for different European countries is shown in the Figure 7.2.1. below. Compared to US and Canada, the per capita use for European countries is
lower.
400
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Figure 7.2.1. Average water use for different countries (litres per day) (based on:UN, 2004)

Another issue related to quantity is leakage within buildings. Leakage from dripping taps and
leaking toilets results in large amount of water losses. According to Bokalders and Block
(2010), a slow dripping tap leads to a loss of 20 litres per day or 7.3 m3 per year whereas a fast
dripping tap results in 100 litres per days’ loss (37 m3 per year). On the extreme a loss of 380 litres per day (140 m3 per year) is incurred by a running tap with a thin flow of 1.5 mm.
7.2.5

QUALITY OF WATER

The quality of water expressed in terms of physical, chemical and biological quality. The type
of use is a decisive part of the level of quality of the supplied water and thereby the source of
the water. To meet the required quality, water treatment plants remove unnecessary and above
threshold contents that came from the source through physical, chemical and biological treatment processes. Some of the processes consume large amounts of energy, typically from fossil
fuels. Both costs associated with additives and energy used as well as the capital cost make water treatment not a cheap business. Moreover, its production pollutes the environment.
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7.2.6

PROXIMITY

Water may be available but the proximity is what is important. In areas where the right quantity
and quality of water is far from the point of consumption, choosing the right energy to fuel the
transportation will determine the sustainability of the water supply system. Wherever possible
the use of decentralized renewable energy sources will be an attractive alternative. The use of
solar and wind water pumps to supply with groundwater is worth considering when and wherever possible.
In one scenario, in most African countries where the little amount of rain water is harvested,
in many instances the reservoirs are far away from a power source. It is in these places where a
mini solar photovoltaic array can provide sufficient power to run a water pump to both draw
as well as distribute the water (particularly if within close proximity to a village settlement).
On the other hand, in the Mediterranean islands, although large scale harvesting may have
been neglected or at most localised to individual houses, the power source is often readily
available. Here it may be the water quantity itself that is the problem. In small Islands such as
Malta and the Greek Islands, ground water extraction is almost a must. However this has to be
done intelligently. Due diligence is not always exhibited when extracting this precious source,
which nature purifies through its own resource: gradual settlement & filtering through the bedding rock (such as globigerina limestone in Malta and pumice rock in the Greek Islands).
A source of energy is always a crucial in any of these cases. All south African and the Mediterranean countries have a common potential for exploiting solar energy, where precipitation
may be scarce, but the solar radiation is complimentary, being abundant from the sun’s relentless beating practically all year round. Proximity of source is therefore not so much an issue in
these two extremes neither is a renewable energy source. PV technology is off the shelf and
readily available.
7.2.7

PERFORMANCE MEASUREMENT AND COMMUNICATION

In line with the saying “what can’t be measured cannot be managed”, water is better managed
where it can be better measured. A water tracking system lets users track water use and bills
into major categories of consumption. Applying a rating system for water efficiency similar to
the national energy performance rating system will help buyers identify what to buy for what
purpose. Water use efficiency can be addressed for washing machines, dishwashers, flow controllers, water closet fixtures, showers, tap equipment over a kitchen sink, bathroom basin, urinal equipment, etc. Such a system is gradually being deployed in Malta as elsewhere. Ground
water formerly extracted blindly through unregistered bore holes with unlimited volumes, are
today been registered.
Going beyond direct water use and efficiency water footprint covers a boarder domain of
water consumption. The water footprint can be defined as the total volume of freshwater consumed and polluted for the production of the goods and services consumed by the consumer.
This covers the direct water use by occupants/users of a building and their indirect water use
associated with all goods and services consumed (WFN, 2010). An international standard, ISO
14046, that specifies requirements and guidelines to assess and report water footprint based on
LCA has been under development since 2009 and is expected to be completed in 2011. It will
be consistent with carbon footprint and other LCA impact categories as it complements existing
standards on LCA and ongoing work on carbon footprint metrics. It would take into account
the ISO 14064 standards on the accounting and verification of greenhouse gases (GHG).
Building constructors should gradually start to put demand on the manufacturers or suppliers of building materials to adapt a process of declaring the water footprint of their products.
Designers need to include the calculation of water footprint of their designs and use the results to make an informed design decision.
Local governments should initiate the process to legislate standards for water footprint requirements at different levels namely building materials, building elements and whole buildings
as wells neighbourhoods. The water footprint based performance of these clusters should be
communicated to all stakeholders and the public. Use of water footprint calculators that con-
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sider the local circumstances in which buildings are constructed and operated will improve design and construction of buildings.
Water management tips for the architects and engineer differ from place to place as the challenges differ based on local conditions. In the likes of Sweden that have rich water resource,
the measures to be taken focus on things that can be done with relatively lower burden on the
economy. Water use in Sweden amounts to about 3600 million m3 per year (Bokalders and
Block, 2010). More than 90 per cent of the water for urban inhabitants (slightly more than 7
million) is from municipal water supply plants. Groundwater from private wells serves around
2.5 million rural households and holiday cottage households.
The daily household water use in litres per person per day is 215 which is distributed over
different functions as shown in Table 7.2.1 .
Table 7.2.1. Daily household water use in Sweden (adapted from Bokalders and Block, 2010)
Toilets (8 litres)
Bath and shower
Washing dishes
Washing clothes
Tap
Food and drink
Others

Litres
40
40
40
30
30
10
25

In countries such as Malta where around a quarter of the national energy (electricity) bill
goes to the production of water, water is obviously a scarce resource. It is apparently clear in
such countries the use of water footprint as performance measurement is imminently necessary
in saving much more water than would otherwise be possible within a narrower system.
Requirements on rain water collection at building level makes much more sense. Recognizing
the interdependency of water and energy bill unveils areas where improvement should be
made.Priority should be given to the procurement of appliances that are labelled for energy and
water efficiency as well as other performance metrics. In the case of Sweden, for example, a
dishwasher is labelled with a Swan implies an energy and water efficient, quite, easily recyclable, doesn’t contain environmentally hazardous materials. It also meets strict washing and drying efficiency requirements. There are Swan-labelled dishwashers on the market that use 30%
less water than others.
7.2.8

EFFICIENCY OF WATER USAGE AND ALTERNATIVES

During the last 10-15 years the abstraction for public water supply in the eastern and western
European countries have shown an overall reduction (8-38 %), with more pronounced decrease in United Kingdom and Germany, Poland, Bulgaria and Romania. This reduction can be
attributed to the promotion of water saving practices of using water efficient fixtures and public awareness, repair of leakages, water metering, etc. (Dworak et al., 2007). In most Eastern
EU countries the water supply network is obsolete and supply is maintained by high abstraction
due to losses and leakages in the distribution system(EEA, 2007). Nevertheless, increase in water prices that accompanied new economic situations in these countries has encouraged household and industries to decrease their use of publicly supplied water (Dalmas and Reynaud,
2003).
The picture is different in southern European countries where domestic use has increased by
15% and Turkey up to 53 %. T his observed increase could be mainly attributed to the effect of
tourism and climate change. France, Greece, Italy, Portugal and Spain has shown increased
tourist arrivals by approximately 90% over the last two decades (De Stefano, 2004). This trend
is accompanied by increase in water use in hotels, room rentals, restaurants connected to public
water supply systems. Climate change induced increases in temperature observed in the Mediterranean area are shown to increase domestic water demand as people use more water for personal hygiene, gardening, and swimming pool refill (e.g. Downing et al., 2003).
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Hence, the construction and operation of buildings and built environment in Europe should
consider the deployment of different of solutions to reduce the use of water based on specific
local conditions.
The amount of water use in fixtures currently in use in different countries varies (see Table
7.2.2). This variation highlights the potential for improvement that exists in terms of fixture efficiency in different countries.
Table 7.2.2. Variations in water consumption for different fixtures in Europe (based on Lallana et al,
2001)
England &
Wales

Finland

France

Germany

Toilet [liter per flush]

9.5

6

9

9

Washing machine [liter per cycle]

80

74-117

75

72-90

Dishwasher [liter per cycle]

35

25

24

27-47

Shower [liter per cycle]

35

60

16 l/minute

30-50

Bath [liter per bath]

80

150-200

100

120-150

7.2.8.1 Indoor Alternative Solutions
This covers toilets, urinals, washing machine and dishwashers, shower heads and tap. Figures
in the following section are based on an “The Whole Building Handbook: How To Design
Healthy, Efficient And Sustainable Buildings” by Bokalders and Block (2010).
Toilets
Consumption of flush water between conventional single flush and efficient dual-flush varies
by a factor of 100 indicating a huge water-saving potential.
The use of dual-flush toilets and waterless toilets significantly reduces water use in buildings.
As a comparison a conventional single flush uses 13 litres whereas a common dual-flush toilet uses 6 litres of full flush and 3 litres of half flush. On the other hand, efficient dual-flush
toilet uses 4.5 in full 3 litres in half flush.
Since 90% of the nutrients in human waste are in the urine, urine -separating toilets reduce
the nutrient load on the wastewater treatment system. These toilets flush faeces with 5 litres of
water and urine with 0.2 litres. A shift from trough or gutter-type urinals to sensor operated
urinals and waterless urinals in public buildings renders highly efficient water use.
Where vacuum toilets are installed, the use of double sewage system separating toilet waste
(black water) and grey-water system for dish, shower, sink and laundry is advantageous. For
commercial and public buildings vacuum toilets are effective solutions with 0.5 to 1.2 litres per
flush. Vacuum toilet systems have the disadvantage of a loud noise.
Washing machines and dishwashers
Washing machines and dishwashers, etc can be made energy-efficient and water-efficient at the
same time as energy is used mainly to pump and heat water in the appliances. As steam easily
penetrates textiles, washing machines that use both steam and water reduce water consumption.
Exact amount of water that should be used in washing machines can be calculated using the
weight of the wash measured using built-in scales. Hence, installation of water and energy efficient appliances should be accompanied by information provision to building occupants so that
appropriate use increase.
Shower heads
Reduction of water flow through shower heads is done through better distribution of water and
mixing the water with air. Showers that use 6 litres per minute are available compared to old
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ones that used 20-25 litres per minute. This implies it is possible to shower three times as long
as in old ones for the same amount of water. While thermostatic mixers provide that the desired temperature is reached and remains constant, shower stop button enable temporary stoppage of water flow while maintaining the cold-hot adjustment.
Tap
Single-lever mixer taps that regulate both the temperature and flow of water with a single lever
save water as they enable quick adjustment to the right temperature. Setting maximum flow at
different tap locations and setting maximum temperature is an advanced development for single-lever mixer taps. Aerators and sensors can be set up on bath room and kitchen sinks. Aerators, by mixing air with water, distribute the water flow so that the same soaking effect is
achieved with a reduced water flow. The common types of sensors are motion sensors.
The lowest level of water consumption can be achieved by implementing requirements on
each type of water consuming fixture. A typical requirement could look like as shown in Table
7.2.3.
Table 7.2.3. Typical requirements on water consuming fixtures
Fixtures

Requirements

Water closets

6 litres per flush

Urinals

3.8 litres per flush

Showerheads

9 litres per minute

Faucets

8.5 litres per minute

Replacement aerators

9.8 litres per minute

Metering faucets

0.98 litres per cycle

7.2.8.2 Outdoor Alternative Solutions
Different levels of green roof can be constructed in combination with roof mounted cistern and
basement rainwater cistern connected to gravity-run irrigation. This helps in water retention,
filtration of storm water and thereby decrease stress on sewer system.
Rainwater collection in cistern and /or pond reduces potable water requirement by enabling
reuse applications. Some countries such as Malta have a requirement for collection of rain water.
Low-impact development involves limiting impervious surfaces on site by increasing green
space. This maintains local water cycle and storm water infiltration.
Storm water management comprises of treatment and reuse of treated water. This reuse can
be materialized using separate lines for different qualities. Others solutions include landscaping
with conserved water known as xeriscaping, air cooling condensate and local wastewater treatment.
Advanced considerations should account for climate change as it affects water sources and
increases water use in hotel and tourism facilities especially in an already hot regions of the
world.
Establishment of separate lines of water supply is vital to consider especially in new constructions. In such a system, one line of higher quality for drinking, cooking and washing
whereas second line supplies lower quality water for flushing, gardening etc where recirculated grey-water, for example, can be used.
At the level of distribution, installing pressure regulator valves to lower the pressure of the
water going into the building reduces the maximum water flow and the likelihood of leaking
pipes and hoses.
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7.3. Supporting the use of alternative energy in buildings Guidelines
G.A. Wondimagegnehu
University of Calgary, Calgary, Canada
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Dokuz Eylul University Faculty of Architecture, Izmir, Turkey

7.3.1

BACKGROUND

The energy demand in buildings increased especially in the last century, after the industrial
revolution. In the construction sector, this period is also associated with an increasing machine
use; rise in use of materials and the use of bigger windows and glass envelope. With the energy
crisis in 1970’s, it is recognized that fossil energy resources are characterized by limited reserves and environmental pollution thereby became unsuitable for a sustainable development
path. As the global demand for energy increases, the consumption of fossil fuels such as oil,
coal and natural gas increase leading to an aggravated climate change problem. With global
challenges such as climate change and the high increase in oil and gas prices in town, there is a
need for alternatives. Renewable energy resources have started to attract attention in the context
of meeting demands of buildings. Meeting the energy requirement of the buildings with

the use of renewable energy resources would help having sustainable constructions, due
to the fact that buildings are responsible for about (more or less) half of the energy use
in a country (cf Ramesh et al, 2010).
Energy functions that provide opportunity for considering renewable energy alternatives at
the building level include:
- General space heating and air condition involving boilers or heaters, ventilations units
- Lighting using different types of lamps including conventional light bulbs, compact
fluorescent lamp
- Hot water supply for example using combi-boilers
- Cleaning in washing machines, clothes dryers
- Cooling covering refrigerators and freezers
- Cooking including stoves and ovens and kitchen appliances
- Other appliances such as audio/video/computer, etc
In a fossil-driven economy of the developed world, most of these functions are met using
coal or oil powered central power plants and individual heating systems. Addressing the ecological challenges can be easier if that can be done in such a way that consumers can evaluate
options of reducing their oil, gas and electricity bills.
In many European countries, buildings are responsible for around 40% of the total energy
consumption. In Sweden, for example, residential buildings and services were responsible for
37% of the total energy consumption in 2004. This covers heating, cooking, household apparatus, office buildings, leisure homes, ventilation, street lighting, sewerage and wastewater treatment plants, power plants and water plants. An average European household consumes 4 667
kWh of electricity per year (Greenpeace, 2006).
Table 7.3.1 shows the energy consumption per m2 per year of three types of buildings,
namely existing building stock, passive buildings, and energy surplus buildings.
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Table 7.3.1. Energy consumption per m2 for three types of buildings (based on Sunrise, 2010).
Total
Existing building
stock
Passive buildings
Energy surplus
buildings

7.3.2

Heating

275

22

55
30

10
0

kWh per m2 year
Hot water Electricity for building
services
20
5
15
0

5
5

Electricity for
household demand
30
25
25

ALTERNATIVE ENERGY TECHNOLOGIES

The EU renewable energy baseline target is 20% by 2020. A number of ways are used in promoting renewable in Europe (e.g. Haas et al, 2010). Europe decommissioned more coal, fuel
oil and nuclear capacity than it installed in 2009 while renewable energy technologies account
for 61% of new power generating capacity that year. Of all new capacity installed in 2009 39%
was wind power, followed by gas (26%) and solar photovoltaics (16%) (EWEA, 2010).
Renewable energy utilization is one of the most important aspects of green buildings according to Xia et al (2008) in which renewable energy is defined as energy that is derived from
natural processes and that can be replenished constantly, including energy generated from solar, wind, biomass, geothermal, hydropower and ocean resources, and biofuel and hydrogen
derived from renewable resources.
The focus of this guideline is on solar and wind. The solar is for both electricity and heating
whereas the wind is for electricity.
Solar Energy
According to EPIA (2010), with a cumulative installed capacity of almost 10 GW, Germany
remains the world’s largest PV market. In 2009 only, it installed around 3.8 GW. Italy as one of
the most promising markets installed some 730 MW in 2009 while Czech Republic showed an
important growth same year with 411 MW installed. Belgium made its entry into the top 10
markets with 292 MW installed in 2009 followed by France with 185 MW. The latter had an
additional 100 MW installed but not connected to the grid yet. In Spain, about 69 MW was installed in 2009 raising the share of PV to about 3% of the electricity production in the country
that year.
Solar Thermal
European average solar thermal usage in 2008 was 38 kWth per 1 000 inhabitants corresponding to 55 m2 of collector area (ESTIF, 2009). Germany, as Europe’s biggest solar thermal market grew to 1,5 GWth (2,1 million m2). Spain is the second largest market for solar thermal in
the continent with a total capacity in operation of 988 MWth (1,4 million m2). In Italy, there
was 19 kWth (27 m2) of solar thermal capacity in operation per 1 000 inhabitants in 2008.
Wind Energy
Based on figures from European Wind Energy Association (EWEA), the 74 767 GW of wind
power capacity installed by the end of 2009 would, in a normal wind year, produce 163 TWh
of power, which corresponds to 4.8% of the EU’s electricity demand (EWEA, 2010).
Wind provides 20% of the power in Denmark, 9% in Spain, and 7% in Germany. By 2020
and 2030, EWEA expects 230 GW and 400 GW of wind power capacity respectively to supply
14-17% and 26-35% of the EU’s then electricity demand respectively. Across the EU, there are
around 60 000 turbines. Some countries have far more wind power capacity installed per km 2
than others. Denmark, Germany, the Netherlands and Spain have the highest wind power densities. 10 163 MW of wind power capacity were installed across the EU in 2009 with
23% increase compared to 2008 installations (EWEA, 2010). More wind power capacity has
been installed than any other electricity-generating technology both in 2008 and 2009, and
wind’s share of newly installed capacity increased from 35% in 2008 to 39% in 2009.

340

Part II – Eco-efficiency
______________________________________________________________________________________________________

7.3.3

PHOTOVOLTAICS IN BUILDINGS

Photovoltaic (PV) is the term used to define “the process of conversion of solar radiation into
electricity by the use of solar cells”. These cells are specially produced “semi-conductor diodes”. Photovoltaic panels are used in buildings in order to reduce the energy demand of the
building. Solar cells are semi-conductor devices which produce electricity directly and quietly
from solar energy without the need of any other primary energy resource. They don’t have any
moving parts. A suitably designed photovoltaic system can produce electricity which is necessary from little lighting necessities to megawatts of power necessity. They can do whatever a
traditional power producer can do, with little operation costs, any energy supply, harmful
emissions and noisy machines. They can either be integrated into the building during its design
stage or be added to the building during its operation stage as a retrofit as a building element or
a building component. They can be either connected to the net or autonomous. They can be
used Most residential PV systems range between1 to 6 kW (Chiras et al, 2009).
There are a number of solar technologies but the most relevant for building applications are
monocrystalline, polycrystalline , ribbon polycrystalline, and thin-film PV .
7.3.3.1 Energy output
PV cell’s main element is mostly silicon which is the main element in sand. “The first cells
were made from selenium during the last century [19th century] with only 1-2% conversion efficiency.” (Sick and Erge, 1998). The production of highly pure crystalline silicon and the
space programs which started in the 1950s forced the development of the solar-cell technology.
There are several factors which affect the energy output of the PV generator namely, solar
radiation, module temperature, shading, mismatch of string modules, wire resistances, module
soiling, and string (blocking) diodes (Sick & Erge, 1998).The most important one of the above
effects is the “solar radiation”. If the PV module gets more sunlight, it produces more electricity. Therefore the PV module plane must be designed so that it gets the most sunlight possible.
The orientation and the tilt angle of the panel are designed in this concept. Another important
subject is the “Shading”. “The cell with the lowest illumination determines the operating current of the whole series string” (Sick & Erge, 1998) as in a water hose. If the water hose is
stepped on, the water wouldn’t flow through it. But in the PV system, a partially shaded cell
maybe forced to produce electricity at sometime and this may cause to heat the cell and the
module, and it could be destroyed. To avoid this “hot-spot” effect, “bypass diodes” are used to
give an alternative path to the current. PVs used on buildings produce direct current (DC) from
the solar radiation. This electricity can be used either directly as DC power if the appliances
operate with DC or stored as DC to be used later. It can also be converted into AC (alternating
current) and be used directly with the appliances which operate with AC.
7.3.3.2 Merits of PV
After the mounting of the system, no additional source is necessary than the solar radiation.
Therefore no money is paid to the electricity production during the operation stage. There are
no operation costs. But only they have to be cleaned like a window glass (only water could be
enough to clean their surface) in order to keep their efficiency high without having no dust on
them. The systems which use batteries can have a battery cost during the operation system (like
changing a car battery once in a few years’ time), but they are not so expensive. Some countries throughout the world have incentives in order to encourage their citizens use solar energy
to decrease the energy demand of the country and to be less independent on fossil energy resources. Therefore people who use PV systems on their buildings can have a plus income because of this PV system. The advantages of the PV systems can be summarized as follows:
Their operation require no fuels, they work only with solar radiation with no moving parts.
They have a long life (manufacturers give 20 years of warranty). They are extremely reliable
and virtually maintenance free. Their operation is non-polluting with no harm to the environment. They are good at producing energy from 1W to many MWs. They are modular and versatile, so their size can be enlarged in time, they can be used modular at the places where it is
difficult to reach (e.g. at the top of a mountain, etc.), at low powered systems, on buildings,
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cars and yachts. They don’t have any electrical problems while working. They can produce desired voltage, current or power by being connected in series and/or in parallel, they can even
work as a power plant. PV components do not bring limitation to the building design, permitting unlimited freedom to the building design. PV components don’t need extra space or surface. If they will be integrated into a newly designed building, they don’t need to have an extra
construction. In a Building Integrated PV (BIPV) application solar electric generating capacity
is incorporated into the components of a building envelop such as roof, windows, skylights
and exterior walls where PV components are designed and being used as a roof cladding like
shingles, and/or other PV components which can be used as wall cladding or curtain wall. PV
modules can be manufactured as transparent or colored. PV cell color is black in monocrystalline silicon, blue in polycrystalline silicon, and reddish brown in amorphous silicon while their
solar radiation absorbing power changes with their color. Transparent cells can also be manufactured in desired color. PV module are proper for personal use; require no special training to
operate; and can be installed almost anywhere (Altin, 2005).
On the other hand, hitherto PV systems are associated with some disadvantages. Their production and installation costs are very high. Their efficiency decrease very easily with shading.
A little particle of dust may even decrease the efficiency. Therefore PV panels must be controlled regularly to keep their surface clean, and they must be cleaned only with water, and
every shading effect must be avoided. The building may shade itself in addition to the shading
from neighbouring buildings, trees or other plants. Heating up of PV panels decreases the energy output. The panels should be ventilated so that they don’t heat up much. In installing the
panels, they must be inclined from the ground. They also must be oriented towards south in the
northern hemisphere and towards north in the southern hemisphere for the maximum energy
output. So this tilt angle and orientation may cause difficulties in the design stage of the building (Altin, 2005).
7.3.3.3 Comparison between different PV technologies
The following table summarizes the efficiency, energy payback and production energy of the
common PV technologies. Energy payback time in years is the time required for the PV system
to produce as much energy as was required in its manufacture. This is different from economic
payback time of the PV which depending on many factors such as electricity price, availability
of incentive, etc.
Applications for thin-film PVs include laminates, shingles and roofing and backpacks . They
are less sensitive to higher temperatures; shade tolerant; lower efficiency; takes 6 to 12 months
to reach stable rated output (at first as high as 20 to 25% ). The output from thin-film and crystalline PVs measured as the size of panel required to produce 1 kW of power is 16.7 m2 and
8.35 m2 respectively. Cost of conventional cells per W is 5 USD while for organic polymer
Cells this is projected to decrease to 1 USD. The cost for polycrystalline PV is cheaper than for
monocrystalline.
Table 7.3.2. Comparison of different solar power technologies (based on Chiras et al, 2009)
Type of technology

Efficiency (%)

Production Energy

Around 15(14 to 17)

Energy Payback
(year)
2

Monocrystalline [Silicon,
Phosprous, Boron]
Polycrystalline [Silicon,
Phosprous, Boron ]
Ribbon polycrystalline
[Silicon, Phosprous, Boron ]

12 (11.5 to 14)

1.7

11 to 13

1.5

6 to 8 (8 to 9)

1

Less energy (15% less
than mono)
Even less energy
(25%less than mono,
12% less than poly)
Considerably less energy
and material (50% less
than mono)

Thin-film PV [amorphous
silicon, CdTe, CIS, CIGS]

Energy intensive

BIPV systems are highly reliable in the long-term with current average guarantee of 20-25
years (Sunrise, 2010). PV will be cost competitive with retail electricity prices in Southern
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Europe and in Central and Northern Europe by 2015 and by 2020 to 2025 respectively. Depending on cell type and location, the energy-payback time of PV systems is between 1 and 3
years. If a building is connected to the net and the country doesn’t have an incentive, then the
economic payback time is a little long generally because of the low energy-efficiency (around
15-20 %). It can be around 5-7 years depending on the solar radiation values of the place. According to Sunrise (2010), the average economic payback time is about 10 years. The annual
return-on-investment after the payback is approximately 7% of the initial investment (Sunrise,
2010). If the PV system is autonomous, then the payback time is shorter due to the requirement
of the high connection rates to the net if the building is far away from the net. If the building is
new and it is to be constructed, the payback time is also shorter due to the fact that they can be
used instead of the building materials and components which don’t produce electricity.
Designing buildings as power suppliers with PVs integrated on façades and roofs will, energy-wise, lead to self sufficient built environment. It is important to incorporate the PV into
the building fabric through a conscious design of the structure. This requires developing the
envelope as a multifunctional element of a building through holistic approach to the design of
façades and roofs. The deign goal should be to use PV building products to generate electricity
while fulfilling other functions such as weather protection, heat insulation, sun protection,
noise protection, modulation of daylight and security.
“Solarsiedlung am Schlierberg”, in Freiburg, Germany, is a proof of such developments
(Figure 7.3.1. below).

Figure 7.3.1. PV roof panels of “Solarsiedlung am Schlierberg”, in Freiburg, Germany (Mujde Altin, August 2006)

As stand-alone power units, PV systems can be employed to regulate the intake of daylight
to a building by powering an automatic sun-blind, operate an engine-driven ventilation opening or emergency lighting.
More applications of the PV integration are Solar-Fabric in Freiburg, Germany; Children’s
Museum in Rome, Italy; and Göteborg Energie Building, Gothenburg, Sweden.
Solar-Fabric in Freiburg, Germany
There are different uses of PV panels in this building. The first group is façade cladding PV
panels where the PV cells are placed between two glass panes, and an opaque PV panel is used
for roof cladding. They are also used as shading elements on the façade (opaque PV panels),
and for a special use of PV panels as advertising wall (see below).
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a) General view
b) Detail of the three different PV
Figure 7.3.2. PV panels of Solar-Fabrik building in Freiburg, Germany ((Mujde Altin, August 2006)

Children’s Museum in Rome, Italy
The PV panels in this building is used for roof cladding where the panels are placed between
two glass panes, and as shading on the façade as shown in the Figure 7.3.3 below (some are
movable while others are fixed).

Figure 7.3.3. PV shading elements on the southern façade of Children’s Museum of Rome (Mujde Altin,
October 2002)

Göteborg Energie Building, Gothenburg, Sweden:
This is the retrofit of an existing building where PV panels are added to the façade of the building. The design and construction duration for this building were 465 and 757 person-hours respectively. The construction of the building began in September 1998 and has PV system
power of 6,8 kWp. The PV system is on the southern façade of the building and has a little
more than 180 m2 PV panel area with 570 thin-film amorphous PV modules (each with 12 Wp
power). These panels are placed between special H profiles and they are carried by their weight
only. This led to an easier and shorter construction time. This also provides easy maintenance
and change of panels when necessary.
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Figure 7.3.4. Göteborg Energie Building, retrofit (Mujde Altin, June 2003)

7.3.3.4 Some Installation Guides
PV systems can easily be integrated to roofs due to the relatively less shadowing at roof height
compared to ground level, and the relatively larger free surface of roofs. The following ideas
are based on Sunrise’s publication on BIPV highlighting new design opportunity for architects
(Sunrise, 2010).
For existing private homes, low cost solution is to fix the PV modules on top of the roof.
Better integration can, however, be achieved by using PV Shingles or PV Tiles. But orientation
should be optimized in order to increase (or not to lower) the PV panel efficiency. Issues to
consider include the type of roof and uplifting force of wind. PV modules mounted on existing
wall structure can improve the aesthetic appearance of the façade and avoid need for a
weather-tight barrier. The best integration results from using glass PV laminates replacing conventional cladding material and fitting any size, shape, pattern and colour. Glass PV laminates
applied to windows enable a semi-transparent façade using a thin or laser grooved PV cell or
semi-transparent crystalline solar cells that filter light partially. The resulting light effects provide an ever-changing pattern of shades in the building.
For thermal and acoustic insulation, layers of glass can be added to the base unit of a semitransparent PV glass module. But these added layers should be used on the interior face of the
panel in order to keep the panel efficiency same, for not to lower the panel efficiency. Because
the outer layer of the PV panel is very important due to the fact that PV cells absorb the maximum solar radiation to produce electricity.
Skylight structures provide an unobstructed surface for the installation of PV modules or
laminates supplying electricity and light to the building. The support structures of the PV modules can be utilized in the design of light and shadow. PV modules of different shapes can be
used as shading elements above windows without any additional load for the building structure. This synergy creates added value and reduce the total costs of installations.
7.3.4

SOLAR THERMAL, SOLAR COOLING AND AIR CONDITIONING

For heating tap water for both space heating and hot water, solar heat can be used in an application commonly known as solar thermal. While the scale varies with applications, 5-10 m2
roof-integrated solar collector systems are the most common systems for single-family buildings. A solar collector system basically consists of solar collectors and an accumulation tank
connected together with parts (a pump, check valve, safety valve, filter, expansion tank, filling
device, thermometer, pressure gauge, and regulating equipment) through insulated pipes.
There are three categories of solar collectors: flat-plate solar collector where absorbers that capture the heat lie in an insulated box; evacuated collectors where absorbers are placed in vacuum
tubes; and concentrating collectors where solar radiation is focused on the absorbers with the
help of mirrors (Bokalders and Block, 2010). The energy efficiency of solar collector is a function of its orientation and angle. Depending on the orientation in relation to the sun, the recommendation is the solar collectors should be placed at angles of 15 to 65 degrees (Ibid). Prefabricated solar collectors can be placed on roofs, walls or on the ground.
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There are three avenues for solar cooling, namely using electricity produced by PV to run a
compressors; to employ absorption heat pumps; and to combine sorption and evaporative cooling. Climate Well’s thermo-accumulator that absorbs solar energy and stores it in a solution of
metallic salts is a new product for heating and/or cooling applications (Bokalders and Block,
2010).
Buildings can also be cooled by the use of a passive solar design. For example, MichelleTrombe walls can be used either for heating the interior or for cooling it. This is very cheap
because it requires no equipment than a thick heat absorbing wall and a glass in front of it incurring a construction cost only. In order to cool the interior, a window at the northern side of
the building should be opened first. The air intake should be from this northern window due to
the fact that the air on the northern side of the buildings is always 2-3 °C lower than that of the
southern side. And this air-change cools the interior. In order to let this air-change, the opening
at the uppermost part of the glass of the Michelle-Trombe wall should be opened; the uppermost opening on the thick heat absorbing wall should be closed and the lower opening of that
wall should be opened. This enables the cool air entering from the northern window to go
through the whole interior and leave the building from the lower opening of the wall and the
uppermost opening of the glass while leaving its coolness to the interior. If passive design
principles are not taken into consideration during the design phase, then people would use airconditioning systems in order to produce comfort conditions in the building. And that will use
fossil energy resources which are harmful for the environment and are in limited supply.
7.3.5

WIND ENERGY IN BUILDINGS

The output of a wind turbine depends on the turbine's size and the wind's speed through the
rotor. Wind turbines manufactured today have power ratings ranging from 250 watts to 7 MW.
A turbine with a capacity of 2.5 – 3 MW can produce more than 6 million kWh in a year –
enough to supply 1,500 average EU households with electricity. There are micro-wind turbines
with sizes of 1, 10 and 30 kW. The application of wind turbines at the level of supplying
power to individual buildings is a recent development.
Two important technical dimensions affecting the amount of power produced from wind
turbines are the diameter the rotor and height of the tower as shown in the following figures.

a) Power as a function of diameter. Theoretical b) Power as a function of tower height.
power production for small wind turbines when Source: totalalternativepower.com
the wind speed is 10 m/s.
Source: windy-future.info
Figure 7.3.5. Power of wind turbines as a function of main dimensions

For building-level applications, there are rooftop turbines known as SWIFT with a ring or
blade diameter of around 2 meter and clearance of 60 cm from the roofline sized with over 1.5
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kW at peak production (Swiftwindturbine, 2010). Such turbines with 1 kW at a wind speed of
11 m/s typically can annually produce energy amounting to 1,200 kWh and 1,900 kWh at wind
speeds of 5 and 6 m/s respectively. According to SWIFT producers, the noise level is less
than 35 decibels (dB) for all wind speeds (cf . whisper with 15-25dB, normal home or background noises with 40-60dB and normal speech with 65-70dB).

Figure 7.3.6. Rooftop wind turbine (Source: newenergyfocus.com; greenpacks.org)

Efficiency is higher at locations where wind speeds are highest and turbulence is at a minimum. For small wind turbines the efficiency is 30% of the energy in the wind. At windy sites,
the small wind turbines produce more energy but less efficient at capturing the energy in the
wind lowering the efficiency to around 10%.
The Figure 7.3.7. below gives some idea regarding the cost pattern of small wind turbines.

Figure 7.3.7. Estimated cost for electricity produced by small wind turbines (10 kW)
Source: totalalternativepower.com

7.3.6

COMBINING SOLAR AND WIND POWER

An optimum solution in securing continuous and reliable supply of power to buildings is to integrate wind power and solar power in such a way that they complement each other. For example, wind turbines are effective at night while solar panels are effective on a clear windless
day. Values shown in Figure 7.3.8. below are monthly averages of measurements.
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Figure 8. Wind speed distribution by hour of the day. Source: totalalternativepower.com

A system of both wind and solar power as shown below can work great in all situations as
solar fills the valleys created in the Figure 7.3.9. below by low wind speed.

Figure 9. SWIFT installed along with a solar PV system at Blissfield Elementary School,
Michigan. Source: swiftwindturbine.com

7.3.7

FINAL REMARKS

The 27 European Union Members States adopted the Energy Performance of Building Directive
(EPBD) 2002/91/EC which requires all EU countries to enhance their building regulations and
to introduce energy certification schemes for buildings. For EPBD purposes, buildings are classified into houses, apartment blocks, offices, schools, hospitals, hotels and restaurants, sports
centers, shopping centres and other buildings consuming energy. One important part of the directive is an energy performance certification (EPC) for buildings. In the implementation stage,
the EPC takes into account two labels, namely the primary energy use (kWh/m2/year), and the
impact of energy consumption on greenhouse gases(GHG) emissions (kgCO 2/m2/year) (Giaconia, et al, 2010). The latter parameter is affected by whether buildings use carbon-intensive energy source or not. Building-level installments of renewable energy will have a positive contribution towards GHG-neutral performance of buildings. Buildings can be designed, constructed
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and managed not only with a climate-neutral target in mind but also with a climate-positive
ambition of supplying clean power to the grid. Hence the overall construction and operation of
the building should be assessed from the perspective of achieving zero carbon realizing a carbon-neutral status or even wherever possible enable the building to generate excess clean energy that would be sold to local grid thereby making it climate positive.
Carbon footprint can be used as metrics of performance in measuring the move along a climate-neutral and climate-positive path of constructing new buildings and renovating existing
ones. Building constructors should gradually start to put demand on the manufacturers or suppliers of building materials to start a process of declaring the carbon footprint of their products.
To this end, the ISO 14067 on quantification and communication of carbon footprint of products which is currently under development will provide an inspiration. Designers need to appreciate the inclusion of the calculation of carbon footprint of their design alternatives. Local
governments should initiate the process to legislate standards for carbon footprint requirements
at different levels namely building materials, building elements and whole buildings as wells
neighborhoods. This guideline will hopefully support the construction and operation of a climate neutral and/or climate positive building of zero or positive carbon footprint. Climateneutral or climate-positive level of achievement is unthinkable without an integrated effort of
all local, national and international stakeholders. From building constructors and developers to
energy companies as well as local or national governments and building occupants need to
contribute towards this goal. This guideline has attempted to touch issues that should be addressed by all these actors.
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Integral life-cycle analysis of bridges: a three-span motorway
bridge case study
H. Gervasio and L. Simões da Silva
ISISE, Dept. of Civil Engineering, University of Coimbra, Portugal

ABSTRACT: This paper described a life cycle analysis of a three-span motorway bridge integrating environmental, economical and social criteria. This case study is part of a series of case
studies performed under the context of COST Action C25. The integral life-cycle approach applied to this case study was developed based on the general framework for environmental life
cycle analysis provided by ISO standards 14040 and 14044. The aim of the developed approach
is to identify the stages and relative processes, having higher potential environmental, economical and social impacts. The integral approach is briefly described in the first part of this paper.
Then, all the details about the case study are provided, together will all the assumptions and
scenarios needed to perform the analysis. The detail results on the environmental, economical
and social analysis are provided next. The paper ends with some conclusions about the applied
approach and the results obtained from the case study.

1 INTRODUCTION
The case study described in this paper refers to a composite steel-concrete bridge that was built
in 2007 over the dual carriageway A1 – Auto-estrada do Norte. A1 was the first motorway to be
built in Portugal; it links the cities of Lisbon and Oporto and has an extension of 295 km. The
Portuguese concessionaire BRISA operates this motorway.
Over the last years, major expansion works have been carried out in the network of motorways supported by BRISA. Widening works of a motorway is a legal obligation of BRISA under the Concession Agreement with the Portuguese State. These expansion works are fully supported by BRISA.
According to the Concession Agreement, widening of the motorway is mandatory when
average daily traffic reaches the following levels:
− 35 thousand vehicles: requires widening from 2 to 3 lanes;
− 60 thousand vehicles: requires widening from 3 to 4 lanes.
The current widening of the motorway from 2 to 3 lanes led to the demolition of several
bridges and overpasses along the corridor. The case study referred in this paper belongs to the
set of new bridges replacing the existing ones. The bridge is an overpass denominated PS 398.
The present analysis was performed after the completion of the project. The results obtained in
the present analysis did not influence under no circumstances the design and construction of the
bridge.
An integral life cycle approach was applied to the case study presented in this paper, integrating environmental, economical and social aspects, for the assessment of the performance of
the bridge over its life cycle.
Currently, there is not a standardized methodology providing guidance for an integral life
cycle analysis of a construction system. The life cycle environmental analysis has currently the
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most well established standardized framework, although there is still no generalized acceptable
methodology in the scientific community. In a decreasing order of development follows the life
cycle economic analysis and the life cycle social analysis. For this reason, the integral life cycle
approach adopted for this study is based on the standardized framework for Life Cycle Environmental Analysis (LCEA), according to the ISO standards 14040 (2006) and 14044 (2006),
although extended in order to integrate Life Cycle Cost Analysis (LCCA) and Life Cycle Social
Analysis (LCSA) (Gervásio, 2010).
Therefore, the general framework the four main steps of the ISO standard 14040 (2006): the
goal and scope step; the inventory step; the impact assessment step; and the interpretation step
(see Figure 1). However, each step of the analysis is adapted in order to allow the integration of
economical and social aspects in the life cycle analysis.
The integration of the three criteria is based on the condition that the evaluation of the three
criteria share the same goal and scope, and they are based on the same inventory analysis
(Gervásio, 2010).
Goal and scope
Structural analysis
Inventory analysis (LCI)
Environmental Impact
Assessment (LCEA)

Economic Impact
Assessment (LCCA)

Social Impact Assessment
(LCSA)

Combination of criteria
Interpretation

Figure 1. Flowchart of the Life Cycle Integral Analysis (Gervásio, 2010)

In the first part of this paper, a description of the case study is provided. Then, in the second
part, scenarios and assumptions needed for the analysis are defined and further details about the
integral approach are provided. The third part of this chapter provides the detailed calculation
and presents the outcome of the environmental, economical and social analysis. In the last part
of the chapter, conclusions are drawn in relation to the application of the integral approach and
in relation to the outcome of the analysis.
All project details of the bridge and some details of its construction were provided by BRISA. For the demolition of the bridge, data was obtained from a similar project of a bridge demolition, which was also supplied by BRISA. All the remaining data needed for the analysis
was estimated based on direct interviews with different types of professionals and from a literature survey.
2 PROJECT DETAILS
2.1 Project details
Bridge PS 398 is an overpass built over the dual carriageway A1 – Auto Estrada do Norte,
see Figure 2. After the widening works, each carriageway has a width of 16.30 m and it comprehends a main running surface with 11.25 m, a hard shoulder along the inner lane with a
width of 4.05 m and a hard shoulder along the outer lane with 1.00 m. Each carriageway has a
capacity for 3 lanes with a width of 3.75 m. The central reservation is 4.00 m wide.
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Figure 2. Plan view of the composite bridge PS 398

Bridge PS 398 has a composite steel-concrete structure with three spans of 18.50 m, 40.80 m
and 18.50 m, as illustrated in Figure 3. The deck is fully restrained against displacements over
the middle piers and simply supported in the abutments.
The cross-section of the bridge, which is represented in Figure 4, is made of two steel girders
with a total height of 1.35 m and web thickness varying between 14 mm and 18 mm. The top
flange is 700 mm wide and the flange thickness varies from 30 to 80 mm. The bottom flange is
800 mm wide and thickness varying from 40 to 80 mm. The girders are braced every 5.2 m in
the main span, and every 5.0 m in the side spans by IPE 500 profiles.

Figure 3. Elevation view of the composite bridge PS 398

At the middle piers and at the abutments the girders are equally braced by steel profiles with
heights of 800 mm and 500 mm, respectively. Shear connectors are welded to the top flange of
the girders. The shear connectors are projected through small holes in the slabs that are later
filled with concrete. On top of the girders a precast concrete slab is placed with thicknesses of
0.44 m on top of the girders, 0.20 m at the end of the cantilevers and 0.25 m in the middle width
span.
The middle piers are made of cast “in situ” concrete, with a circular cross-section with diameter of 1.20 m.
The transversal profile of the deck comprehends two lanes of traffic, one in each direction,
3.00 m wide, two hard shoulders with 1.00 m and two side-walks for pedestrians with a width
of 1.65 m. The effective width of the profile, measured by the clear distance between the parapets, is 11.30 m, while the total width is 12.04 m. The total area of the deck is 936.71 m2.
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Figure 4. Cross-section of the composite bridge PS 398

The bill of the main materials of the bridge is represented in Table 1.
Table 1. Bill of main materials of PS 398
Main component
Elements
Foundations
Regularization
Bases
Abutments
Elevation
Piers
Elevation
Deck
Precast slab
Cast “in situ” slab

Girders
Shear studs
Coating of steel
Pavement
Side-walks
Global

All elements except deck

Material
Concrete grade C16/20
Concrete grade C25/30
Concrete grade C30/37
Concrete grade C30/37
Concrete grade C35/45
Reinforcement steel grade A500
Concrete grade C35/45
Concrete grade C35/45 (low
shrinkage)
Reinforcement steel grade A500
Steel grade S355
Steel grade Fuk=350 MPa
Paint
Asphalt layer 6 cm
Light-weight concrete
Reinforced steel grade A500

Quantity
29.00
223.00
123.00
33.00
161.00
58 313.00
116.00
48.00

Unit
m3
m3
m3
m3
m3
kg
m3
m3

17 864.00
145 678.00
3 328.00
1 296.00
622.40
38.00
57 595.00

kg
kg
un
m2
m2
m3
kg

The unit costs of the main materials and equipments of the bridge are indicated in Table 2.
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Table 2. Unit costs of materials and equipment
Main component
Elements
Foundations
Regularization
Bases
Abutments
Elevation
Piers
Elevation
Deck
Precast slab
Cast “in situ” slab

Girders
Shear studs
Coating of steel
Pavement
Protection of slab-deck

Global
Equipment

Transport

Material
Concrete grade C16/20
Concrete grade C25/30
Concrete grade C30/37
Concrete grade C30/37
Concrete grade C35/45
Reinfor. steel grade A500
Concrete grade C35/45
Concrete grade C35/45 (low
shrinkage)
Reinforcement steel grade A500
Steel grade S355
Steel grade Fuk=350 MPa
Paint
Asphalt layer 2 cm
Asphalt layer 4 cm
Painting of concrete slab (bottom side)
Light-weight concrete
Reinforced steel grade A500

Side-walks
All elements except deck
Expansion joints
Bearings
Parapet railing
Slope protection
Deflector rail
Edge beams
Transport and erection of pre-cast slab

Unit cost
49.32
58.31
63.19
63.19
58.04
0.65
70.81
93.69

Unit
€/m3
€/m3
€/m3
€/m3
€/m3
€/kg
€/m3
€/m3

0.65
1.19
0.73
10.80

5 468.04

€/kg
€/kg
€/un
€/m2
€/m2
€/m2
€

63.80
0.65
13 380.00
8 867.36
9 845.20
12 399.30
4 186.08
10 158.40
81 203.10

€/m3
€/kg
€
€
€
€
€
€
€

2.2 Construction details
The construction of this bridge took a total of 87 days, from 3-08-07 to 28-10-07, according
to the planning represented in Table 3, which was provided by BRISA.
Table 3. Planning of the construction
Main Activity
Elements
Excavation
Casting of abutments
Piers
Foundation bases
Piers
Installation of supports
Assembling of steel structure
Pre-assembling of steel structure in the
ground
Erection of work form in middle span
Erection of steel structure
Welding middle span
Coating middle span
Removal of work form
Construction of concrete deck
Erection of slab panels
Settlement of steel structure
Sealing of concrete panels
Casting “in situ” of deck
Casting of remaining parts of deck
Finishing
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Initial date
03-08-07
09-08-07
09-08-07
09-08-07
14-08-07
26-08-07
30-08-07
30-08-07

Final date
22-10-07
28-10-07
25-08-07
20-08-07
25-08-07
01-09-07
13-09-07
04-09-07

01-09-07
05-09-07
07-09-07
09-09-07
12-09-07
14-09-07
14-09-07
18-09-07
19-09-07
23-09-07
05-10-07
11-10-07

04-09-07
06-09-07
08-09-07
11-09-07
13-09-07
10-10-07
17-09-07
18-09-07
22-09-07
04-10-07
10-10-07
28-10-07
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The abutments and piers are cast “in situ” to enable the installation of the steel structure. The
steel structure is assembled in two half-parts, next to the motorway. Each part of the steel structure is then installed in its final position by the aid of cranes. After the installation of the two
parts of the structure, the longitudinal girders are welded in the middle of the central span. Afterwards the full-deck-width precast concrete panels are installed. These precast concrete panels are connected to the steel girders by studs located in pockets in the panels, as shown in
Figure 5. The panels are joined transversally by overlapping hoop bars that project from each
edge of the panels. Individual bars are threaded within the loop bars to complete the connections, which are then encased in concrete. These joints are sealed with a low shrinkage concrete
that is cast “in situ”.
The concrete slab near the abutments, in each side of the structure, is also cast “in situ”. Finally all the remaining deck equipment is installed in the bridge.

Figure 5. Installation of precast concrete panels

2.3 Traffic constraints during construction stage
During the construction of the bridge and according to information from the contractor, the
motorway was always in service, although the traffic flow was subjected to various constraints.
Being a new bridge, no traffic was considered above the bridge.
According to current national legislation (Lei 24 (2007), DR 12 (2008)), traffic conditions
through work zones in major motorways are subjected to several restrictions, which include:
i) there should always be two lanes of traffic in each direction;
ii) the width of the carriageway, in the work zone, cannot be less than two thirds of the original width;
iii) the maximum speed through the work zone must be higher than two thirds of the speed
under normal conditions in the same location.
In this study it is assumed that during the construction of the bridge, as it is the common
practice of BRISA, these restrictions were fully taken into account during the construction period.
Therefore, according to Table 3, there were always two lanes of traffic in each direction of
the motorway, except during the erection of the composite deck (six days). In this case, it is necessary to cancel the traffic in one carriageway and divert the traffic to the other one, resulting
in one lane of traffic in each direction.
Moreover, during the entire period of construction (87 days) it is considered that the traffic
speed in both carriageways was constrained to a maximum of 80 km/h.
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3 SCENARIOS AND ASSUMPTIONS FOR LIFE CYCLE ANALYSIS
3.1 Traffic under and over the bridge
3.1.1 Traffic in the motorway
According to the traffic analysis provided by BRISA, the traffic evolution over the period of
time 2008-2022, for the motorway segment in which this bridge is included, is represented in
Table 4.
In the base year of the study (2008), there´s an Average Daily Traffic (ADT) of 31522 vehicles/day. In this study, it is considered that the percentages of lightweight vehicles and heavyweight vehicles are 88% and 12% of the ADT, respectively.
Table 4. Average Daily Traffic (ADT) over the years 2008-2022
Year 2008
Year 2012
ADT (vehicles/day)
31522
35684

Year 2022
41512

Moreover, it is also considered that the traffic during the night period (22h – 7h) is about
10% for lightweight vehicles and 8% for heavyweight vehicles. The Average Hourly Traffic
(AHT) is calculated assuming a uniform distribution of the ADT between the day and the night
periods, respectively 15h and 9h. The predicted traffic is represented in Table 5.
Table 5. Traffic flow (AHT) over the years 2008-2022
Year 2008
Year 2012
Light-veh.
Heavy-veh.
Light-veh.
AHT
day
night day
night day
night
(veh./h) 1662 308
235
34
1878 348

Heavy-veh.
day
night
269
39

Year 2022
Light-veh.
day
night
2182 404

Heavy-veh.
day
night
316
46

Based on the two previous tables, a distribution of hourly traffic is assumed for the motorway. This distribution of hourly traffic, which is represented in Table 6, is used for the calculation of environmental, economic and social indicators. The traffic over the night period is highlighted in the table.
Table 6. Traffic flow per hour (vph) for year 2008
Hourly traffic
Lightweight
Time
(vph)
vehicles
0-1
395
150
1-2
200
150
2-3
200
150
3-4
200
150
4-5
200
150
5-6
595
280
6-7
2450
1350
7-8
2980
2760
8-9
1425
1280
9-10
1125
1250
10-11
1325
1200
11-12
1390
1230
12-13
1990
1800
13-14
1622
1430
14-15
1755
1600
15-16
2150
1900
16-17
2715
2500
17-18
2850
2700
18-19
2320
2200
19-20
1225
1500
20-21
1150
1020
21-22
530
539
22-23
530
300
23-24
200
150

Heavyweight
vehicles
10
10
10
10
10
60
150
450
200
180
160
170
240
195
210
260
330
400
320
10
10
10
10
10
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The traffic analysis provided by BRISA considered a period of 14 years. However, for the
present case study a period of 100 years is considered. Therefore, it is necessary to estimate the
traffic flow beyond the year 2022.
The estimation of the traffic growth over such a long period of time is not an easy task. In
this analysis, it is assumed that the traffic growth follows a logarithmic trend; that is, after an
initial period of time, the traffic growth will stabilize. This assumption may be justified by the
fact that if traffic had a linear growth then the motorway would have to be continuously widened, which would not probably be the most economic nor feasible solution. If this was the
trend then maybe the solution would be to build a new motorway.
In fact, according to the current trend, the traffic in the global network of motorways of BRISA, and in particular in A1, has reduced over the last years. In 2008, the ADT in the network
was reduced by 4.9%, while in relation to A1 the reduction was about 7%. In 2009, the reductions were about 1.9% and 4.2%, respectively for the entire network and for the A1. One of the
main reasons for this trend was the construction of alternative motorways.
Hence, the traffic growth over the period of 100 years is obtained by a regression analysis of
the traffic data using a logarithmic trend. The curve is illustrated in Figure 6.
70000
65000

y = 13612ln(x) + 17037
R² = 0,9537

60000
55000
50000
45000
40000
35000
30000
25000

0
5
10
Figure 6. Logarithm growth of the traffic
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Hence, according to the logarithmic trend the traffic prediction over the period of time 2008
– 2108 is indicated in Table 7:
Table 7. Estimated ADT over the years 2008-2108 for the motorway
Year 2008
Year 2058
ADT (vehicles/day)
31522
70287

Year 2108
79723

According to this trend, approximately in year 2032, the traffic growth will reach 60000 vehicles/per day, which means that the motorway will have to be widened to four lanes of traffic
in each carriageway.
3.1.2 Traffic over the bridge
Due to the lack of data, the traffic over the bridge is hereby estimated. This road is considered to be part of the national network of roads with a class I. Thus, for the base year of the
study, 2008, an ADT of 5000 vehicles/day is considered. The estimated traffic growth over the
period of time 2008-2108 is assumed to have a linear trend as indicated in Table 8.
Table 8. Estimated ADT over the years 2008-2108 for the road
Year 2008
Year 2058
ADT (vehicles/day)
5000
7500

Year 2108
10000

Moreover, it is assumed that the distribution of hourly traffic over the bridge is similar to the
distribution of hourly traffic in the motorway (see Table 6).
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3.2 Operation stage – Maintenance and rehabilitation plan
According to traffic growth estimation (Table 7), between year 2008 and 2058, the number
of average vehicles per day will increase over 60000 vehicles. Consequently, the motorway
would have to be widened from three to four lanes in each carriageway over this period of time.
However, since the bridge was initially designed considering this possibility, the middle span is
long enough to overpass a motorway with four lanes in each direction, there is no need to carry
any additional work in the bridge. Therefore, the new widening of the motorway will not affect
the bridge and will not be taken into consideration in the analysis.
Moreover, it is hereby assumed that no severe damage or failure of the bridge will occur over
the period of 100 years, taking into account the maintenance and rehabilitation plan discussed
in the following paragraphs.
The maintenance and rehabilitation plan is based on the predicted service life of the individual equipments of the bridge and in the predicted service of the main structural components. A
steel-concrete composite bridge has a high probability of achieving a service life of 100 years
considering preventive maintenance (Frangopol et al., 2001). For this bridge, two major types
of maintenance actions are considered: (i) the maintenance of steel elements; and (ii) the maintenance of concrete elements.
The most critical factor affecting the service life of the steel structure is the protective coating system. Different values can be found in the literature for the service life or the time of the
first maintenance of the coating system. Over the years, the durability of the protective coating
system has progressively increased from 12 to 15 years to 20 to 25 years (CORUS, 2010). Furthermore, from the continued developments in coating technology and according to the requirements of current standards (e.g. EN ISO 12944 (1998)), it is expected that the coating lifetime to first major maintenance occur over 30 years (CORUS, 2010).Therefore, in relation to
the steel structure, it is assumed to reach a service life of 100 years considering the replacement
of the corrosion protection every 20 to 35 years.
In relation to structural concrete members, once they are exposed to sufficiently aggressive
environmental conditions (e.g. cycles of freezing/thawing, cycles of wetting/drying, etc), they
will eventually deteriorate and lose strength. Corrosion of reinforcement steel spalls the cover
concrete, reduces the cross-sectional area of the reinforcement steel and consequently, its
strength (ACI, 2006). The time needed for concrete members to deteriorate depends on factors
such as the severity of the exposure conditions and the characteristics of the structural concrete.
Concrete deck slabs are constantly pounded by traffic and are directly exposed to weather.
Consequently, they deteriorate faster than other parts of the bridge (Sarkar, 2008).
Several actions may be taken for the protection, repair and rehabilitation of bridge decks.
Among the most common procedures are (Vesikari, 2003): (i) mechanical concrete repair, (ii)
patching, (iii) coating, (iv) realkalisation, (v) electrochemical chloride extraction, and (vi) cathodic protection. The choice of a specific treatment depends on the type and severity of the
problem, on the time needed to proceed with the repair action and the estimated service life of
the repair procedure and respective cost. A cast “in situ” portland cement concrete deck can last
for 50 years when an overlay is applied at 25 years of age (SHRP, 1993). The service lives of
different treatments, based in literature reviews and surveys, are indicated in Table 9 (SHRP,
1993):
Table 9. Estimated service lives for different repair methods (SHRP, 1993).)
Concrete repair method
Service life
Polymer overlays
10-25 years
Sealers
5-10 years
Cement overlays
> 25 years

Hence, in this case study, structural concrete members are assumed to reach a service life of
100 years considering a new surface protection every 20 to 30 years.
The average service lives of bridge equipments are predicted based on specialized catalogues
and other literature. Hence, the estimated intervals for maintenance and repair of the different
components of the composite bridge are indicated in Table 10.
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Table 10. Estimated service lives for bridge components
Bridge component
Service life
Surface protection of concrete elements
20-30 years
Corrosion protection of steel elements
20-35 years
Expansion joints
20-25 years
Bearings
20-25 years
Railings
20-25 years
Parapet
20-25 years
Edge beams
20-25 years
Asphalt surface
10-20 years

Thus, based on the predicted service lives of bridge components, a scenario-based maintenance and rehabilitation plan is established. This plan is indicated in Table 11. The respective
unit costs are also indicated in the same table. In the definition of this plan, it was considered
that maintenance actions with similar intervals of time would happen at the same year in order
to reduce the number of times the bridge undergoes a work activity.
For the steel structure, a complete renewal of the coating system is assumed to occur every
25 years. Cost estimates for some coating systems may be found in the literature and other
sources (see for instance http://www.corrosioncost.com/infrastructure/highway/index.htm).
However, in this case and based in information from contractors, a unit cost of 200€/m2 is considered. This value includes the cost of material, preparation and cleaning costs and the application cost.
For the maintenance and rehabilitation of concrete structural elements, it is assumed that
every 25 years a light repair takes place, except in year 50, where a major rehabilitation occurs.
In the first case it is assumed that the depth of concrete deterioration is less than 20 mm and
reinforcement steel is not exposed. Thus, the defective concrete is saw cut 10 mm deep and
concrete is removed by hydrojetting. Afterwards a cementitious mortar is applied and cured.
For the major rehabilitation, it is assumed that a deeper repair is needed. In this case, the deteriorated concrete is removed until reinforcement steel is exposed (about 50 mm deep). The bars
are cleaned by sandblasting or hydrojetting and a new cover of concrete is placed and cured.
The prices for both types of repair actions, which are indicated in Table 11, were obtained from
contractors.
Likewise, the remaining unit costs indicated in Table 11 were obtained contractors.
Table 11. Scenario-based maintenance/rehabilitation plan
Activity
First intervention
Interval of time
Periodic inspections
2
2
Main inspection
5
5
Cleaning of expansion joints
1
1
Replacing of expansion joints
25
25
Surfacing (asphalt)
15
15
Replacing edge beam
25
25
Replacing railings
25
25
Re-painting parapets
25
25
Replacing bearings
25
25
Re-coating of steel beams
25
25
Repairing of concrete structure
25
25
Rehabilitation of concrete deck
50
-

Unit cost
2 €/m2
5 €/m2
10 €/m
2 500 €/m
30 €/m2
70 €/m
50 €/m
40 €/m
3 500 €/un
200 €/m2
50 €/m2
100 €/m2

The corresponding timetable of maintenance and rehabilitation activities over the service life
of the bridge is illustrated in Table 12. For the sake of simplification, a time-interval of 5 years
is considered, starting in year 15, when the first major activity takes place.
According to the time of intervention in the bridge for each activity, and in order to minimize
the duration of work activity over and under the bridge, the activities happening in the same
year are assumed to take place at the same time. This combination of activities leads to 5 combination of actions A to E (as indicated in the bottom line of Table 12). The periodic and main
inspections are not represented in Table 12 as it is assumed that these activities do not interfere
with traffic and consequently have no direct influence on the analysis.
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Table 12. Timetable of maintenance/rehabilitation activities of PS398
years

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Main structure

New surface deck
Rehabilitation deck
New surface columns
Rehabilita. columns
New surface abutment
Rehabilitation abutm.
Steel beams protection
Equipment
Cleaning exp. joints
Replacing exp. joints
Replacing bearings
Replacing rails
Replacing edge beams
Re-painting parapet
Others
Replacing asphalt
Combined activities

A

E

B

A

E

E

A

C

E

A

E

E

D

E

E

A

E

Combined activity A is the combination of the replacement of the asphalt layer of the bridge,
occurring every 15 years, with the cleaning of the expansion joints, which occurs every year.
This means that when the bridge will be subjected to the work activity due to the new pavement, then the expansion joints will also be cleaned.
Combined activity B represents the replacement of bridge equipment, together with the resurfacing of concrete elements and re-painting of steel structure. This combined activity is similar to combined activity D, except that in the latter, there is also the replacement of the asphalt
layer of the bridge.
Combined activity C combines the rehabilitation of the structure, in which all concrete elements will be subject to major intervention, to the painting of the steel structure and the replacement of major bridge equipment.
Combined activity E is in fact a standalone activity, corresponding to the cleaning of the
joints, which occurs every year. Despite being an activity that takes place every year, for the
sake of simplicity, this activity is represented in Table 12 only every 5 years.
The duration of each combined activity depends on the type of work to be done, in the ability
of manpower and in the capacity rate of construction equipment. Thus, for each combined activity (as indicated in Table 12) a planning of the respective work was made based on the estimated bill of materials and in on estimated capacity rate for each activity. Based in this information a period of time was estimated for each combined activity, which are indicated in Table
13. During the periods of time corresponding to maintenance and rehabilitation works, traffic
over and/or under the bridge is affected. Table 13 indicates the total number of days estimated
for each combined action and the corresponding traffic affectation.
Table 13. Total duration (in days) of maintenance/rehabilitation activities
Combined activity
Total duration (days) Traffic affectation
A
16
Only affects traffic over the bridge
B
22
Affects traffic over and under the bridge
C
74
Affects traffic over and under the bridge
D
38
Affects traffic over and under the bridge
E
1
It was assumed that this activity does not affect traffic
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Moreover, it is assumed that during the maintenance and rehabilitation of the bridge the traffic restrictions, referred in section 2.3, are always taken into account.
3.3 End-of-life of the bridge
The data presented in this section for the demolition of the structure is based on the demolition project of a real concrete bridge, provided by BRISA, and on direct information received
from contractors.
The demolition of the bridge is made in three main stages: the first stage corresponds to the
preparation of the terrain and erection of auxiliary structures to support the structure being demolished; the second stage corresponds to the demolition of the central span of the structure;
and the third stage corresponds to the demolition “in situ” of the remaining structure. The total
number of days needed for each stage are indicated in Table 14.
During the demolition of the bridge, it is considered that the traffic over the bridge is diverted to an alternative road. Traffic under the bridge is conditioned by the demolition of the
bridge; however, it is assumed that except for the 2nd stage there will always be at least two
lanes of traffic in each direction. During the 2nd stage, traffic in the motorway will have to be
diverted to only one carriageway as the carriageway below the part of the deck being dismantled has to be closed due to users’ safety reasons.
Table 14. Total duration (in days) of bridge demolition
Demolition stages Description
Preparation of base supports for scaffolding;
Preparation of terrain for deposit of concrete pieces;
1st stage
Erection of scaffolding;
Transversal cuts in deck;
Longitudinal cuts of deck (partially).
Dismantling of one part of composite deck and deposition of the resulting pieces in the side terrain;
2nd stage
Dismantling of other part of composite deck and deposition of the resulting pieces in the side terrain.
Dismantling of scaffolding in central span;
Demolition of the concrete pieces from the deck;
3rd stage
Demolition "in situ" of piers and abutments;
Removal and transportation of materials;
Cleaning of the area.

Duration (in days)
10

6

7

After the demolition of the bridge, all the resulting demolition waste should be sent to a final
destination. According to current European and National legislation, it is mandatory to sort the
materials in the construction site or in a sorting plant (if sorting in the construction site is not
possible). Thus, in this case and according to the European list of wastes, the materials are classified into three types of wastes:
i) 17 01 01 - Concrete;
ii) 17 03 – Asphalt, tar and tarred products;
iii) 17 04 05 – Iron and steel.
After sorting, the materials are sent to different places according to its characteristics and potential for recycling. Different scenarios are considered for the main materials involved in this
case study: concrete and steel. Table 15 indicates the waste scenario for all the materials.
Table 15. End-of-life scenarios for main materials
Material
1st scenario
2nd scenario
Concrete
Landfill
Landfill
Reinforcement steel
Recycled
Recycled
Structural steel
Recycled
Re-use
Asphalt
Recycled
Recycled

3rd scenario
Recycled
Recycled
Recycled
Recycled

4th scenario
Recycled
Recycled
Recycled
Recycled

Scenario 4 is similar to scenario 3, except in the allocation procedures considered for the life
cycle environmental analysis, as will be further described in section 5.4.
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4 INTEGRAL LIFE-CYCLE APPROACH
4.1 Scope of the life cycle analysis
The life cycle analysis covers all stages from raw material acquisition to deposition of demolition waste, through construction and operation of the bridge, and the transportation of materials
and equipment between stages, as illustrated in Figure 7. Each box in Figure 7 represents a unit
process. In fact, each box involves a number of sub-unit processes (e.g. the production of cement for input to the production of concrete); however, for simplification, the boxes
represented in Figure 7 are assumed to be the main unit processes.

Figure 7. System Boundary of the integral analysis

Moreover, it is assumed that the construction system is designed according to the corresponding Eurocode. In the case of bridges, the Eurocode specifies a service life of 100 years. In
this approach, the time period of analysis coincides with the design service life of the structure,
thus 100 years. In addition, it is assumed that material production and construction of the bridge
occur in the first year and that the demolition and deposition of the structure will occur in the
100th year.
4.2 Functional equivalent
The functional equivalent adopted in this work is a bridge overcrossing a dual carriageway, designed for a service life of 100 years.
4.3 Inventory analysis
The inventory analysis entails the quantification of the inventory flows for a product system. In
traditional life cycle environmental analysis the inventory flows include inputs of water, energy, and raw materials, and releases to air, land, and water. Taking into consideration the aims of
the approach, the production of waste is also included in the inventory. Furthermore, economic
analysis and social analysis are also based on this inventory analysis. This implies that input
and/or output flows relevant for these analyses need also to be collected. A summary of inventory flows for each unit process is represented in Figure 8.

Figure 8. Inventory data of a general unit process

An important aspect that should be addressed by life cycle inventory analysis is the allocation of input/output flows of materials with recycling content. This issue is particularly important in a construction system where the reuse and recycling of construction materials are often
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acknowledged as contributing to the sustainability of the sector. This aspect will be further detailed in the following section.
4.3.1 Allocation procedures for recycling materials
An economic allocation procedure was adopted for recycling materials, which is based on the
primary assumption that market prices depict the qualitative degradation of a material over a
product system (Werner and Richter, 2000). According to this procedure, the environmental
burdens of primary and secondary materials are weighted according to their price relation.
Moreover, in the adopted approach a part of the burdens due to primary production is allocated
to the system receiving the secondary material (Product system 2), while the environmental
loads due to the recycling and upgrading processes are allocated to the primary system (Product
system 1).
Hence, considering the market price of primary material (€PM) and the market price of secondary material (€SM), the inputs and outputs for both product systems are given by:
N I / 0 (Pr oduct 1) = A − RF × C1 − (€ SM € PM )× [RF × C2 ] + RF × D + E

(1)

N I / 0 (Pr oduct 2) = (1 − RF )× B + (€ SM € PM )× [RF × C2 ] − RF × D − E

(2)

where, the relation €SM/€PM represents the quality reduction of the material between product system 1 and product system 2; A represents all the burdens associated with the life-cycle of
product 1; B represents all the burdens associated with the life-cycle of product 2; C1 is the decrease of the amount of solid waste sent to landfill; C2 is the safeguard of raw materials necessary to produce virgin materials; D represent the burdens due to the recycling process itself and
the production of the new material from the recycled material, including transportation; E
represents any inputs and outputs due to the fact that product 2 is made of recycled materials
instead of virgin materials and RF represents the recycling fraction.
In a fair basis, the primary and secondary materials are compared on an equivalent level in
the upgrading system. This is particularly important in the case of secondary materials with different market values according to its upgrading level.
Furthermore, assuming that the market price of primary material (€PM) is equal to the market price of secondary material (€SM), such is the case of steel, than the approach leads to a
closed-loop approach (Gervásio, 2010).
4.4 Impact assessment
In the impact assessment stage the inventory data collected in the previous stage are processed
according to the selected indicators for the environmental, economic and social analyses.
The set of indicators for each analysis were chosen according to the goals of the integral approach. The indicators adopted for the environmental, economic and social analysis are
represented in Table 16.

Social

Economic

Environmental

Table 16. Indicators for environmental, economic and social assessment
Abiotic depletion
Acidification
Eutrophication
Initial costs
Global warming
Operation, MaintenOzone layer depletion
ance and repair costs
Human toxicity
Terrestrial ecotoxicity
End-of-life costs
Photochemical oxidation
Waste production

Vehicle operation
costs
Driver delay costs
Safety costs
Noise
Aesthetics

4.5 Normalization of environmental indicators
The adopted approach uses normalization values referring to global reference values for global
environmental impact categories and Portuguese normalization factors for local/regional cate-
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gories (Gervásio, 2010). In all cases the references values are given by capita, considering the
Portuguese population in 2007 as 10 614 927 and the world population in 1995 as 5 689 010
289 (World bank, 2010). The adopted set of normalisation values are indicated in Table 17.
Table 17. Set of normalization factors adopted in this work (per year and per capita)
Impact category
Units
Geographical scale
Abiotic depletion
kg (Sb eq.) /year/capita
2.81E+01
World
Acidification
Average Europe
kg (SO2 eq.) / year/capita
4.14E+01
Continental
Portugal
kg (SO2 eq.) / year/capita
6.55E+00
Portugal
Eutrophication
Average Europe
kg (NOx eq.) / year/capita
5.17E+01
Continental
Portugal
kg (NOx eq.) / year/capita
2.45E+01
Portugal
Global warming
TH = 20 yrs
kg (CO2 eq.) / year/capita
9.49E+03
World
TH = 100 yrs
kg (CO2 eq.) / year/capita
7.21E+03
World
TH = 500 yrs
kg (CO2 eq.) / year/capita
5.80E+03
World
Ozone layer depletion
TH = 5 yrs
kg (CFC-11 eq.) / year/capita
2.81E-01
World
TH = 10 yrs
kg (CFC-11 eq.) / year/capita
1.58E-01
World
TH = 15 yrs
kg (CFC-11 eq.) / year/capita
1.21E-01
World
TH = 20 yrs
kg (CFC-11 eq.) / year/capita
1.05E-01
World
TH = 25 yrs
kg (CFC-11 eq.) / year/capita
9.49E-02
World
TH = 30 yrs
kg (CFC-11 eq.) / year/capita
8.79E-02
World
TH = 40 yrs
kg (CFC-11 eq.) / year/capita
7.91E-02
World
TH = ∞
kg (CFC-11 eq.) / year/capita
9.14E-02
World
Human toxicity
TH = 20 yrs
kg (1,4-DCB eq.) / year/capita
1.00E+04
World
TH = 100 yrs
kg (1,4-DCB eq.) / year/capita
1.00E+04
World
TH = 500 yrs
kg (1,4-DCB eq.) / year/capita
1.00E+04
World
TH = ∞
kg (1,4-DCB eq.) / year/capita
1.00E+04
World
Terrestrial Ecotoxicity
TH = 20 yrs
kg (1,4-DCB eq.) / year/capita
2.29E+01
World
TH = 100 yrs
kg (1,4-DCB eq.) / year/capita
2.46E+01
World
TH = 500 yrs
kg (1,4-DCB eq.) / year/capita
2.81E+01
World
TH = ∞
kg (1,4-DCB eq.) / year/capita
4.75E+01
World
Photo-chemical oxidation
High NOx
kg (C2H4 eq.) / year/capita
1.69E+01
World
Low NOx
kg (C2H4 eq.) / year/capita
1.53E+01
World

4.6 Weighting of environmental indicators
The weighting set adopted for the weighting of environmental categories was computed based
on the relative importance of environmental problems considering two different perspectives:
the geographical scale and the time scale (Gervásio, 2010). The values were obtained based in
the pair-wise comparison matrices for space and time perspectives, using the Analytical Hierarchic Process. The weighting values calculated for each criterion are indicated in Table 18.
Table 18. Weighting set for environmental impacts
Impact Category
Weight
Impact Category
Global warming
0.23
Ozone depletion
Acidification
0.09
Ecotoxicity
Eutrophication
0.13
Human toxicity
Photo-oxidant form.
0.09
Abiotic depletion
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5 LIFE-CYCLE ENVIRONMENTAL ANALYSIS
5.1 Stage of material production
This stage takes into consideration the production of all the materials needed to build the
bridge, according to Figure 9. Data was collected from several sources as indicated in Table 19.
Table 19. Sources of data for materials and transportation
Material/process
Source
Concrete (several grades)
Portland Cement Association (US) (Marceau et al., 2007)
Structural steel
Worldsteel organization (2002)
Reinforcement steel
Worldsteel organization (2002)
Painting
Ecoinvent (2007)
Asphalt
Ecoinvent (2007)
Transportation of steel plate
Ecoinvent (2007)

According to information from the Portuguese Association for Steel and Composite Construction (CMM), most of the steel used in Portugal for construction (steel profiles and plates)
is imported from Europe (Luxemburg, Spain, France, Italy and Germany). Furthermore, due to
its proximity to Portugal, Spain is the first source of steel to Portugal. Hence, an average distance of 700 km was considered.
The life cycle environmental analysis is performed using the environmental indicators indicated in Table 16. The calculation of the potential environmental impacts was performed by the
commercial programme SIMAPRO® (2010).
Materials
production

Reinforced
concrete

Steel
fabrication

Painting of
steel structure

Asphalt
production

Light-weight
concrete

Transportation
Steel
production

Figure 9. Material production stage

The results obtained for each impact category are represented in Table 20. The burdens due
to the transportation of steel plate were included in the process of steel production.
Table 20. Results of the material production stage per impact category
Painting
Impact
Reinforced Steel proUnit
Total
of the
category
concrete
duction
bridge
AD
kg Sb eq
3630.7
27.4%
60.3%
0.7%

Steel fabrication

Asphalt

4.0%

7.2%

Lightweight
concrete
0.3%

AC

kg SO2 eq

2486.4

48.4%

42.2%

0.6%

6.2%

2.1%

0.4%

EU

kg NOx eq

1870.6

55.9%

36.6%

0.5%

3.6%

2.8%

0.7%

GW

kg CO2 eq

876470.0

47.4%

47.8%

0.2%

1.9%

2.1%

0.5%

OD

kg CFC-11 eq

0.012

0%

23.6%

3.8%

8.7%

62.4%

1.6%

HT

kg1,4-DB eq

97163.4

81.7%

5.1%

0.8%

9.2%

2.6%

0.6%

TT

kg 1,4-DB eq

141.1

64.5%

26.4%

1.2%

5.3%

2.1%

0.6%

Ph

kg C2H4

252.4

31.9%

64.2%

0.3%

2.2%

1.3%

0.1%
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From Table 20 it is concluded that the production of reinforced concrete and structural steel
are the main processes contributing to global impacts in the material production stage. The
same results are plotted in Figure 10.
Photochemical oxidation
Eutrophication
Terrestrial ecotoxicity 100a
Human toxicity 100a
Ozone layer depletion steady state
Global warming 100a
Acidification
Abiotic depletion
0%

10%

20%

30%

40%

50%

60%

70%

Reinforced concrete

Steel production

Steel fabrication

Painting of the bridge

Asphalt

Light-weight concrete

80%

90%

100%

Figure 10. Contribution analysis of processes during the material production stage

5.2 Stage of construction
5.2.1 Transportation of materials and construction equipments
Construction materials and equipments have to be transported to the construction site. Some
of the distances are calculated based on information from the constructor. However, most information is estimated due to lack of information. The travelling distances estimated for each
case are indicated in Table 21.
The consumption of diesel is based on the travel distances displayed in Table 21 and in the
number of trips needed for each case. For example, dump trucks are used to haul excavated
earth to the disposal site throughout the excavation stage. Assuming a dump truck with a hauling capacity of 25 tonnes per truck and considering about 314 m3 (approximately 635 tonnes) of
soil to be sent to the disposal site, then during the excavation phase approximately 25 haul trips
were considered.
Table 21. Transportation of materials and equipments for the construction stage
Activity
Distance (km)
Transportation of soil and debris
10
Transportation of steel beams
60
Transportation of precast slabs
60
Transportation of fresh concrete
40
Transportation of steel reinforcement
60

The environmental data for fuel consumption of trucks and respective fuel production were
taken from the ECOINVENT (2007) database.
5.2.2 Use of construction equipment
The construction of the bridge requires the use of heavy equipment such as crawlerexcavators, loaders, bulldozers, water trucks, concrete mixers, cranes, etc, which are usually diesel powered.
The quantification of emissions due to the use of construction equipment is based in the plan
of construction represented in Table 3, in the list of equipment provided by the constructor and
the emission factors from the NONROAD2008 (EPA, 2003) model.
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The number of hours needed for each equipment were estimated from the time plan for construction and in the work capacity of each equipment (assumed that each equipment was used at
full capacity).
Hence, the total emissions due to the use of diesel-fuelled construction equipment, for the period of time corresponding to the construction stage are indicated in Table 22.
Table 22. Total emissions (in tonnes) due to diesel-fuelled construction equipment in the construction
stage
Activity
VOC
CO
NOx
PM-10
PM-2.5
SO2
CO2
Excavation
0.005
0.018
0.034
0.004
0.004
0.001
3.145
Piers and abutments
0.008
0.039
0.116
0.006
0.006
0.002
9.741
Steel structure
0.005
0.028
0.056
0.005
0.005
0.001
6.535
Concrete deck
0.006
0.028
0.073
0.005
0.005
0.002
7.442
Finishing
0.004
0.020
0.061
0.004
0.004
0.001
6.864
TOTAL
0.029
0.134
0.340
0.024
0.023
0.007
33.727

5.2.3 Traffic over and under the bridge
In this sub-section, only the traffic congestion due to the construction activity is analyzed.
This bridge is a new bridge; therefore, during its construction, there is no traffic over the bridge
and thus no emissions are considered in this stage.
During the time period of construction, according to Table 3, the traffic under the bridge is
affected, due to restrictions in the traffic speed and the narrowing of the carriageway. Traffic
congestion due to work activity in the surrounding area of the bridge has two major types of
impacts: (i) the impacts due to direct emissions from vehicles, and (ii) the impacts due to the
amount of fuel consumed. The impacts due to direct emissions from vehicles are quantified
based on the QUEWZ98 model (Seshadri and Harrison, 1993). The impacts due to the excess of
fuel consumed, which include the upstream burdens due to the production of fuel, are quantified based on data from Ecoinvent. In both cases, the quantification of the impacts is given by
the difference between the impacts of the vehicles passing through the work zone and the impacts of the vehicles passing through the same zone but without any delays due to work activity.
The characteristics of the traffic flow under the bridge are indicated in Table 6. It is assumed
that the construction of the bridge is performed according to the safety rules imposed to the
constructor by national legislation, for construction activities in national motorways. Three different base scenarios were needed for the quantification of emissions (in all cases it is assumed
that during the 24 hours, there are always restrictions in the work zone implying a traffic flow
under a reduced speed of 80 km/h): (i) work activity happens during the day, from 6 – 20h, but
there are always two lanes of traffic in each direction; (ii) work activity happens during the
night period, from 22 – 6h, and during this period there is only one lane of traffic in each direction; and (iii) similar with previous scenario, although the lane closure happens during the day
period, from 6 – 22h. The length of the work zone is assumed to be 1 km.
The combination of these base scenarios and considering the entire period of construction
(87 days) led to two global scenarios, as indicated in Table 23 (Gervásio, 2010). Moreover, during the construction period there were always two lanes of traffic in each direction, although
with reduced speed, except for six days. These six days correspond to the erection of the steel
and concrete deck. The steel structure is built into two parts. During the erection of the two
parts of the steel structure, the corresponding carriageway has to be closed to the traffic underneath. The complete erection of each half part of the structure takes about 8 hours. Also for
placing the precast concrete panels on top of the steel structure there is also the need to close
the traffic underneath the bridge. This also takes 8 hours for each part of the structure. During
the closure of a carriageway, traffic has to be diverted to the other carriageway, resulting in one
lane of traffic in each direction.
Hence, global scenario 1 considers that the closure of one carriageway occurs always during
the night period, whereas global scenario 2 considers that the closure occurs during the day.
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Table 23. Total emissions and fuel consumption in work zone during construction (Gervásio, 2010)
Emissions (kg)
Fuel (kg)
CO
HC
NOx
Gasoline
Diesel
Global scenario 1
5778.42
57.54
50.58
29227.20
53663.10
Global scenario 2
6348.18
110.46
61.62
31860.96
57463.38

As expected, the emissions and fuel consumption of global scenario 2 are higher than for
global scenario 1. For the calculation of the total emissions in the construction stage, the best
scenario, i.e. global scenario 1, was considered.
5.2.4 Synthesis of the construction stage
The construction stage takes into account all the processes needed for the construction of the
bridge and affected by it. Hence, as represented in Figure 11, it includes the transportation of
materials to the construction site (according to the distances indicated in Table 21), the transportation of equipment and the use of construction equipment.
Construction of
bridge

Transportation
of materials

Use of
equipment

Traffic
congestion
problems

Figure 11. Construction stage

Moreover, it takes into account also the emissions due to the traffic congestion resulting
from construction activity.
The results obtained for each impact category are represented in Table 24 and Figure 12.
Table 24. Results of the construction stage per impact category
Transportation
Use of
Traffic
Unit
TOTAL
Impact category
of materials
equipment congestion
AD
kg Sb eq
2164.3
6.5 %
0%
93.5 %
AC

kg SO2 eq

830.3

7.1 %

21.5 %

71.4 %

EU

kg NOx eq

743.1

11.0 %

54.9 %

34.1 %

GW

kg CO2 eq

111361.6

17.5 %

30.5 %

52.1 %

OD

kg CFC-11 eq

0.042

7.4 %

0%

92.6 %

HT

kg 1,4-DB eq

18488.9

15.1 %

2.3 %

82.6 %

TT

kg 1,4-DB eq

24.2

15.3 %

0%

84.7 %

Ph

kg C2H4

194.6

1.2 %

2.0 %

96.7 %

In this stage the process that most contributes to major impact categories is clearly the “traffic congestion”. Its contribution is always above 80%, except for the impact categories of acidification, eutrophication and global warming, for which an important contribution is also provided by the “use of equipment”.
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Figure 12. Contribution analysis of processes during the construction stage

5.3 Stage of operation
5.3.1 Transportation of materials and equipments
Each time the bridge undergoes an activity of maintenance or rehabilitation, materials and
equipments have to be transported to the bridge site. The travelling distances considered in this
stage are the same as in the construction stage, unless otherwise indicated.
5.3.2 Use of equipments
The quantification of emissions due to the use of equipment is based on the plan of maintenance, in the estimated list of equipment and the emission factors from the NONROAD2008
model (EPA, 2003).
The number of hours needed for each equipment were estimated from the time plan for activity and in the work capacity of each equipment (assumed that each equipment was used at full
capacity). Table 25 summarizes the total emissions due to the use of equipment in the operation
stage.
Table 25. Total emissions (in tonnes) due to diesel-fuelled equipment in the operation stage
Activity
VOC
CO
NOx
PM-10
PM-2.5
SO2
CO2
Combined act. 1
0.006
0.025
0.076
0.005
0.005
0.002
9.646
Combined act. 2
0.021
0.097
0.284
0.019
0.018
0.007
33.679
Combined act. 3
0.037
0.167
0.490
0.033
0.032
0.012
58.118
Combined act. 4
0.027
0.122
0.360
0.024
0.023
0.009
43.325

5.3.3 Traffic over and under the bridge
Under the bridge, and according to Table 12, traffic is affected every 25 years. Thus, considering the base year of the study 2008, traffic will be affected in years 2033 (combined activity
B), 2058 (combined activity C) and 2083 (combined activity D). For these three years, the respective ADT was estimated based on the logarithmic trend, indicated in section 3.1, and considering a similar distribution of traffic flow per hour as the one represented in Table 6.
Moreover, it was assumed that every time there’s work activity on the bridge, the work is
performed according to the safety rules imposed by national legislation for construction activities in national motorways.
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The quantification of emissions in the work zone during the operation stage is based in the
same model as described in the previous stage and considering a work zone length of 1 km.
Like in the construction stage, different base scenarios were defined for the quantification of
emissions and fuel consumption per day. The calculation of total fuel consumption and respective emissions during each combined activity took into account these base scenarios and the period of time corresponding to each activity. Hence, several global scenarios were defined for
each combined maintenance activity indicated in Table 12.
Combined activity A has a total duration of 16 days and only affects traffic over the bridge.
During this period of time it is assumed that there will be always one lane of traffic closed. In
global scenario 1 the closure is made over night, whereas in global scenario 2 the closure is
made during the day. The corresponding emissions and fuel consumption, for the entire period
of time, are indicated in Table 26.
Table 26. Total emissions and fuel consumption in work zone during operation stage (combined activities
A) (Gervásio, 2010)
Emissions (kg)
Fuel (kg)
CO
HC
NOx
Gasoline
Diesel
Global scenario 1
361.12
1.76
2.88
1028.48
2139.04
Global scenario 2
352.48
3.84
3.36
1362.72
2516.32

Combined activity B occurs in year 2033 and has a total duration of 22 days. During this period, traffic is affected over and under the bridge. Six different global scenarios, as described in
Table 27, were defined to combine each possible situation. Global scenario 1 corresponds to the
best option while global scenario 6 corresponds to the combination of the worst possible situations.
Table 27. Total emissions and fuel consumption in work zone during operation stage (combined activities
B) (Gervásio, 2010)
Emissions (kg)
Fuel (kg)
Description
CO
HC
NOx
Gasoline
Diesel
Global
night work motorway +
2308.74
26.11
20.62
14100.07 24750.43
scenario 1
night work over bridge
Global
night work motorway + day
2302.80
27.54
20.95
14329.86 25009.81
scenario 2
work over bridge
Global
day work motorway + night
5088.24
265.47
70.26
27824.17 44774.05
scenario 3
work over bridge
Global
day work motorway + day
5082.30
266.90
70.59
28053.96 45033.43
scenario 4
work over bridge
Global
reduce day work motorway
3355.26
113.83
37.96
21069.73 35166.33
scenario 5
+ night work over bridge
Global
reduce day work motorway
3360.32
115.26
38.29
21299.52 35425.71
scenario 6
+ day work over bridge

In the case of combined activity C, it occurs in year 2058 and has a total duration of 74 days.
Also during this period of time traffic is affected over and under the bridge. In this case, ten different global scenarios, as described in Table 28, were defined to combine each possible situation. In the same manner, global scenario 1 corresponds to the best option while global scenario
10 corresponds to the combination of the worst possible situations.
Finally, for combined activity D, occurring in year 2083 with a total duration of 38 days,
traffic is also affected over and under the bridge. In this case, also ten different global scenarios, as described in Table 29, were defined to combine each possible situation.
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Table 28. Total emissions and fuel consumption in work zone during operation stage (combined activities
C) (Gervásio, 2010)
Emissions (kg)
Fuel (kg)
Description
CO
HC
NOx
Gasoline
Diesel
Global
night work motorway (3 lanes
8038.14
86.61
71.76
44391.39
79948.79
scenario 1 open)+ night work over bridge
Global
night work motorway (3 lanes
8032.20
88.04
72.09
44621.18
80208.17
scenario 2 open) + day work over bridge
Global
day work motorway (3 lanes
8038.14
120.91
79.46
51028.79
87493.39
scenario 3 open) + night work over bridge
Global
day work motorway (3 lanes
8032.20
122.34
79.79
51258.58
87752.77
scenario 4 open) + day work over bridge
Global
night work motorway (2 lanes
8036.04
87.31
71.76
44448.09
80012.49
scenario 5 open)+ night work over bridge
Global
night work motorway (2 lanes
8030.10
88.74
72.09
44677.88
80271.87
scenario 6 open) + day work over bridge
Global
day work motorway (2 lanes
36761.24 2795.61 663.26 124003.79 184579.89
scenario 7 open) + night work over bridge
Global
day work motorway (2 lanes
36755.30 2797.04 663.59 124233.58 184839.27
scenario 8 open) + day work over bridge
Global
reduce day work motorway (2
19024.64 1132.41 297.86
84464.99 133612.19
scenario 9 lanes open) + night work over
Global
reduce day work motorway (2
19018.70 1133.84 298.19
84694.78 133871.57
scenario 10 lanes open)+ day work over
Table 29. Total emissions and fuel consumption in work zone during operation stage (combined combined
activities D) (Gervásio, 2010)
Emissions (kg)
Fuel (kg)
Scenario
Description
CO
HC
NOx
Gasoline
Diesel
Global sce-night work motorway (3 lanes
3230.52
32.63
28.26
17217.51
31084.73
nario 1
open)+ night work over bridge
Global sce-night work motorway (3 lanes
3215.94
36.14
29.07
17781.54
31721.39
nario 2
open) + day work over bridge
Global sce-day work motorway (3 lanes
3230.52
54.73
33.36
21340.35
35910.01
nario 3
open) + night work over bridge
Global sce-day work motorway (3 lanes
3215.94
58.24
34.17
21904.38
36546.67
nario 4
open) + day work over bridge
Global sce-night work motorway (2 lanes
3229.50
32.97
28.60
17249.81
31120.77
nario 5
open)+ night work over bridge
Global sce-night work motorway (2 lanes
3214.92
36.48
29.41
17813.84
31757.43
nario 6
open) + day work over bridge
Global sce-day work motorway (2 lanes
29938.54 2577.19 587.90
82974.19 113693.51
nario 7
open) + night work over bridge
Global sce-day work motorway (2 lanes
29923.96 2580.70 588.71
83538.22 114330.17
nario 8
open) + day work over bridge
Global sce-reduce day work motorway (2
12670.96 951.65
229.54
47925.63
70199.69
nario 9
lanes open) + night work over
Global
reduce day work motorway (2
12656.38 955.16
230.35
48489.66
70836.35
scenario 10 lanes open)+ day work over

For the calculation of the total emissions in the operation stage, as indicated in the following
sub-section, the best scenarios corresponding to each combined maintenance activity were considered.

374

Part III – Case Studies
______________________________________________________________________________________________________

5.3.4 Synthesis of the operation stage
The operation stage of the bridge took into account the estimated maintenance and rehabilitation activities according to Table 9. These activities occur over different time periods over the
service life of the structure, as described in the previous sub-sections. However, due to a repeated number of processes, the tree diagram of Figure 13 aggregates the processes with same
characteristics occurring at different time periods.
Operation
of bridge

Transportation
of materials

Use of
equipment

Traffic
congestion
problems

Production of
materials
Figure 13. Processes included in the operation stage of the bridge

The outcome of each combined activity is indicated in Table 30, Table 31, Table 32 and Table 33, respectively for combined activities A to D. Each table indicates the total emissions per
impact category and corresponding contribution of each process.
Table 30. Results of the operation stage per impact category (combined action A)
Impact
Asphalt reUse of
Traffic conUnit
TOTAL
category
placement
equipment
gestion
AD
kg Sb eq
341.1
77.4 %
0%
22.6 %
AC

kg SO2 eq

117.1

45.9 %

34.5 %

19.6 %

EU

kg NOx eq

154.8

34.1 %

58.9 %

7.0 %

GW

kg CO2 eq

30999.3

61.0 %

31.2 %

7.8 %

OD

kg CFC-11 eq

0.009

83.2 %

0%

16.8 %

HT

kg 1,4-DB eq

3222.9

79.0 %

3.0 %

18.0 %

TT

kg 1,4-DB eq

3.7

79.2 %

0%

20.8 %

Ph

kg C2H4

15.0

21.9 %

5.1 %

73.0 %

From the previous table it is observed that the asphalt replacement contributes with a share
of more than 50% for most impact categories, while traffic congestion represents a major contribution only for the impact category of photochemical oxidation. In should be noticed once
more that this combined activity only affects traffic over the bridge.
In the case of combined activity B (see Table 31) the process that most contributes to major
impact categories is clearly the “traffic congestion”. Its contribution is always above 80%, except for the impact categories of acidification, eutrophication and global warming, for which an
important contribution is also provided by the “use of equipment”.
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Table 31. Results of the operation stage per impact category (combined action B)
Impact
Coating Concrete Transportation Use
of Traffic
Unit
TOTAL
category
of steel repair
of materials
equipment congestion
AD
kg Sb eq
975.7
1.9 %
0.7 %
0.2 %
0%
97.3 %
AC

kg SO2 eq

445.8

2.8 %

1.1 %

0.1 %

33.7 %

62.2 %

EU

kg NOx eq

471.0

1.6 %

1.4 %

0.2 %

72.4 %

24.5 %

GW

kg CO2 eq

65586.7

3.0 %

4.5 %

0.3 %

51.6 %

40.6 %

OD

kg CFC-11 eq

0.019

1.5 %

0.5 %

0.2 %

0%

97.8 %

HT

kg 1,4-DB eq

8389.5

7.2 %

2.7 %

0.4 %

4.2 %

85.5 %

TT

kg 1,4-DB eq

11.5

11.5 %

4.1 %

0.4 %

0%

84.1 %

Ph

kg C2H4

81.3

0.7 %

0.2 %

0%

3.6 %

95.4 %

The same conclusions may be drawn for the case of combined activity C, where the process
that most contributes to major impact categories is clearly the “traffic congestion”.
Table 32. Results of the operation stage per impact category (combined action C)
Impact
Coating Concrete re- Transportation
Use of
Traffic
Unit
TOTAL
category
of steel habilitation
of materials
equipment congestion
AD
kg Sb eq
3094.3
0.6 %
1.0 %
0.2 %
0%
98.2 %
AC

kg SO2 eq

1187.8

1.1 %

2.0 %

0.2 %

21.8 %

74.8 %

EU

kg NOx eq

1007.9

0.7 %

3.3 %

0.4 %

58.3 %

37.3 %

GW

kg CO2 eq

161992.4

1.2 %

9.1 %

0.5 %

36.0 %

53.2 %

OD

kg CFC-11 eq

0.059

0.5 %

0.8 %

0.2 %

0%

98.5 %

HT

kg 1,4-DB eq

25415.9

2.4 %

4.5 %

0.5 %

2.4 %

90.2 %

TT

kg 1,4-DB eq

34.6

3.8 %

6.7 %

0.5 %

0%

89.0 %

Ph

kg C2H4

272.1

0.2 %

0.3 %

0%

1.9 %

97.5 %

Finally, in the case of combined activity D, the process of “traffic congestion” still has a major contribution to most impact categories, although the processes of “asphalt replacement” and
“use of equipment” share some importance in a few impact categories.
Table 33. Results of the operation stage per impact category (combined action D)
Coating Concrete Asphalt
Transp.
Use of
Impact
Unit
TOTAL of steel
repair replacem. of mate- equipment
category
rials
AD
kg Sb eq
1478.2
1.8 %
0.4 %
17.8 %
0.2 %
0%

Traffic
congestion
79.8 %

AC

kg SO2 eq

610.8

2.5 %

0.8 %

8.7 %

0.2 %

31.2 %

56.6 %

EU

kg NOx eq

647.9

1.4 %

1.0 %

8.0 %

0.4 %

66.7 %

22.6 %

GW

kg CO2 eq

101198.7

2.0 %

2.9 %

18.5 %

0.4 %

43.0 %

33.2 %

OD

kg CFC-11 eq

0.030

1.4 %

0.3 %

24.0 %

0.2 %

0%

74.1 %

HT

kg 1,4-DB eq

12908.8

5.8 %

1.8 %

19.5 %

0.4 %

3.5 %

69.0 %

TT

kg 1,4-DB eq

17.1

9.9 %

2.7 %

17.1 %

0.4 %

0%

69.9 %

Ph

kg C2H4

114.0

0.7 %

0.2 %

2.9 %

0%

3.3 %

93.0 %

The contribution of each combined activity to the aggregated result of the operation stage is
illustrated in Figure 14, showing that combined activity C, which takes the longer period of
time, has the major contribution in all impact categories.
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Eutrophication
Terrestrial ecotoxicity 100a
Human toxicity 100a
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Global warming 100a
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Figure 14. Contribution analysis of combined activities during the operation stage

5.4 End-of-life stage
5.4.1 Transportation of materials and equipments
In the end-of-life stage, it is assumed that the bridge is demolished and the resulting materials
are sorted in the demolition place. After sorting, materials are sent for their final destination according to the respective end-of-life scenario. The estimated travelling distances between the
sorting place and the final destination of the materials are indicated in Table 34. Furthermore, it
is assumed that the transportation of materials is done by truck.
Table 34. Transportation of materials for the end-of-life stage
Activity
Distance (km)
Deposition of soil
10 km
Landfill of inert materials
50 km
Recycling plant of steel reinforcement
100 km
Recycling plant of structural steel
100 km
Recycling plant of concrete
60 km
Recycling plant of asphalt
20 km

5.4.2 Use of equipments
The quantification of emissions due to the use of demolition equipment is based in the plan
of demolition represented in Table 14, in the estimated list of equipment and the emission factors from the NONROAD2008 (EPA, 2003).
The number of hours needed for each equipment were estimated from the time plan for demolition and in the work capacity of each equipment (assumed that each equipment was used at
full capacity). The total emissions are indicated in Table 35.
Table 35. Total emissions (in tonnes) due to diesel-fuelled equipment in the end-of-life stage
Activity
VOC
CO
NOx
PM-10
PM-2.5
SO2
CO2
1st stage
0.005
0.024
0.060
0.005
0.004
0.001
6.900
2nd stage
0.008
0.042
0.101
0.007
0.007
0.002
10.993
3rd stage
0.018
0.067
0.156
0.014
0.013
0.004
17.764
TOTAL
0.031
0.134
0.317
0.025
0.025
0.008
35.657

5.4.3 Traffic over and under the bridge
During the demolition of the bridge, it is assumed that traffic over the bridge is diverted to an
alternative road or is already being flowing by an alternative bridge. In any case, no emissions
and fuel consumption were considered for this traffic. Therefore, fuel consumption and emis-
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sions are only accounted for traffic under the bridge, as it is assumed that the motorway is still
on service by this time.
The demolition of the bridge occurs at year 2108 and for this year the respective ADT is indicated in Table 7. Moreover, the distribution of traffic flow per hour was considered to be similar as the previous stages. Once again, it was assumed that the demolition work was performed
according to the safety rules imposed by national legislation.
The quantification of emissions in the work zone during the operation stage is based in the
same model as described in the previous stages and considering a work zone length of 1 km.
In the year 2108, there will be four lanes of traffic in each direction. In this case, six different
base scenarios were considered for the calculation of emissions anf fuel consumption per day.
Scenario 1 considered that work activity happens during the day, from 6h – 20h, but the four
lanes of traffic were always open. Scenarios 2 and 3 considered the closure of one lane for
work activity during the night period (22h – 6h) and day period (6h – 22h), respectively. Scenarios 4 to 6 considered the closure of two lanes of traffic. In scenario 4 the lane closure occurred
over the night period (22h – 6h), in scenario 5 the lane closure occurred over the day period (6h
– 22h), and in scenario 6 the lane closure occurred over the day but considering a reduced period (9h – 18h).
The calculation of the total emissions during the entire demolition period was based on the
base scenarios described in the previous paragraph and in the period of time corresponding to
this stage. Hence, five global scenarios were considered, as indicated in Table 36. The demolition period is estimated to take 23 days (see Table 14). During this period, it is estimated there
were always four lanes of traffic in each direction, although with reduced speed, except for four
working days. These four working days correspond to the demolition of the central span of the
structure. The central span is divided into two parts. Each part needs 2 days (8 hours per day) to
be demolished. During this period, the corresponding carriageway has to be closed to the traffic
underneath. During the closure of a carriageway, traffic has to be diverted to the other carriageway, resulting in three or, in the worst case, two lanes of traffic in each direction. Table 36
indicates the global scenarios resulting from the above considerations. For the calculation of the
total emissions in the end-of-life stage, the best scenario, that is global scenario 1, was considered.
Table 36. Total emissions and fuel consumption in work zone during end-of-life stage
Emissions (kg)
Fuel (kg)
Description
CO
HC
NOx
Gasoline
Diesel
Global scenario 1 Night work (3 lanes open) 3243.00
40.56
29.44 21411.06 37258.04
Global scenario 2 Day work (3 lanes open)
3243.00
46.96
30.88 22568.10 38638.84
Global scenario 3 Night work (2 lanes open) 3243.00
40.64
29.52 21419.38 37267.48
Global scenario 4 Day work (2 lanes open)
12224.84 896.80 218.08 42518.82 63359.00
Reduce day work (2 lanes
Global scenario 5
6228.76 333.12 93.76 30724.74 48882.68
open)

5.4.4 Synthesis of the end-of-life stage
In the end-of-life stage, four end-of-life scenarios are considered, according to Table 15. In
all scenarios, it is assumed that the bridge is demolished and the materials are sorted in the
same place before being sent to their final destination; though, no transport is necessary between the demolition place and the sorting plant.
The first scenario assumes that the steel structure is going to be recycled, assuming a recycling rate of 80%. As referred in section 4.3.1, a closed-loop is assumed. In second scenario, it
is considered that 80% of the steel structure in reused, resulting in a pure closed-loop. The third
scenario is similar to the first scenario but additionally it is considered that 80% of concrete is
recycled using an open-loop approach. The economic allocation procedure indicated in section
4.3.1 was used. Finally, the fourth scenario is similar to the previous one, except in the allocation approach considered. In this case, a cut-off rule was used for all the materials sent for recycling. For the recycling of asphalt a cut-off rule was used in all end-of-life scenarios due to the
lack of data in relation to the respective recycling process. In relation to steel reinforcement, it
was assumed that it was recycled in all scenarios using the same close-loop approach as for
structural steel. Figure 15 represents the general unit processes included in this stage.

378

Part III – Case Studies
______________________________________________________________________________________________________

Before the evaluation of the environmental indicators used in the previous stages, another indicator is used in this sub-section: demolition waste. Taking into account end-of-life scenarios
described in the previous paragraph, the gross amount of demolition waste produced in each
case is indicated in Table 37. It should be noted that the efficiency of recycling processes was
not considered, which would increase the amount of waste produced in all scenarios.
Table 37. Demolition waste produced in end-of-life stage
1st scenario
2nd scenario
Volume of demolition waste (ton)
1669
1669

3rd scenario
357

4th scenario
357

From Table 37, it is noticed the importance of recycling in the reduction of waste produced
in this stage. The impacts due to the recycling share of materials and to the share of materials
sent to a landfill of inert materials are considered in the set of indicators used in the following
paragraphs. Therefore, to avoid double counting of impacts, this indicator will not be further
used.
Operation
of bridge

Use of
equipment

Traffic
congestion
problems

Demolition

Sorting of
materials

Transportation
of debris
Recycling

Landfill

Figure 15. Processes included in the end-of-life stage

Hence, total emissions per impact category of this stage, considering the first end-of-life scenario, are indicated in Table 38. This table also indicates the contribution of each process per
impact category.
Table 38. Results of the end-of-life stage per impact category
Impact
Disassemble Transportation
Use of
Traffic
Unit
TOTAL
category
of structure
of materials
equipment congestion
AD
kg Sb eq
825.1
-32.6 %
6.9 %
0%
60.5 %
AC

kg SO2 eq

411.7

-27.1 %

7.6 %

18.7 %

46.6 %

EU

kg NOx eq

631.6

-2.4 %

14.4 %

57.3 %

25.9 %

GW

kg CO2 eq

-83212.3

-64.8 %

8.1 %

12.8 %

14.2 %

OD

kg CFC-11 eq

0.035

11.3 %

10.3 %

0%

78.3 %

HT

kg 1,4-DB eq

19729.7

26.5 %

16.5 %

2.0 %

54.9 %

TT

kg 1,4-DB eq

27.5

31.4 %

15.7 %

0%

52.9 %

Ph

kg C2H4

32.3

-42.0 %

1.4 %

2.0 %

54.6 %
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The negative values in the previous table represent the credits given to the recycling processes.
The contribution of each process per impact category is also illustrated in Figure 16, showing a
major contribution from the “traffic congestion” as observed also for the previous stages.
Photochemical oxidation
Eutrophication
Terrestrial ecotoxicity 100a
Human toxicity 100a
Ozone layer depletion steady state
Global warming 100a
Acidification
Abiotic depletion
-80%

-60%

-40%

-20%

0%

20%

40%

60%

80%

Equipment during demolition

Traffic emission during demolition

Transportation

Disassemble of composite bridge

100%

Figure 16. Contribution analysis of processes during the end-of-life stage

A comparison between end-of life scenarios for each impact category is provided in Figure
17.
Photochemical oxidation
Eutrophication
Terrestrial ecotoxicity 100a
Human toxicity 100a
Ozone layer depletion steady state
Global warming 100a
Acidification
Abiotic depletion
-60,0%

-40,0%
4th scenario

-20,0%

0,0%

3rd scenario

2nd scenario

20,0%

40,0%

60,0%

1st scenario

Figure 17. Comparison between end-of-life scenarios

5.5 Results of the environmental life-cycle analysis
5.5.1 Aggregate life-cycle results
In the previous sections, the partial results per stage have been presented. In this sub-section
the results of the different stages are summed up in relation to each impact category and the aggregate results are presented in Table 39, considering the first end-of-life scenario.
To better understand the contribution of each stage to the aggregated result, these results are
also represented in the contribution graph of Figure 18.
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Table 39. Life-cycle results per life cycle stage (for 1st end-of-life scenario)
Impact
Unit
Total
Materials
Construction Operation
category
AD
kg Sb eq
13840.6
26.2 %
15.6 %
52.4 %

End-of-life
5.7 %

AC

kg SO2 eq

6542.0

38.0 %

12.7 %

43.3 %

6.0 %

EU

kg NOx eq

6146.2

30.4 %

12.1 %

47.2 %

10.3 %

GW

kg CO2 eq

1385826.0

56.4 %

7.2 %

31.1 %

-5.4 %

OD

kg CFC-11 eq

0.24

4.9 %

17.4 %

63.4 %

14.2 %

HT

kg 1,4-DB eq

197283.7

49.3 %

9.4 %

31.8 %

9.5 %

TT

kg 1,4-DB eq

274.3

51.4 %

8.8 %

29.9 %

9.9 %

Ph

kg C2H4

1021.3

24.7 %

19.1 %

53.1 %

3.1 %

The material production stage is the stage that most contributes to impact categories Global
warming (GWP), Human Toxicity (HT) and Terrestrial toxicity (TT), with percentages above
50% and close to 50%, respectively. On the other side, this stage has a minimum contribution to
impact category Ozone Depletion (Ph), with a percentage less than 10%. The operation stage
has a major contribution to most impact categories except GWP, HT and TT.
Stage of construction has a contribution less than 20% for all impact categories; while endof-life stage has a global contribution of less than 10%.
Photochemical oxidation
Eutrophication
Terrestrial ecotoxicity 100a
Human toxicity 100a
Ozone layer depletion steady state
Global warming 100a
Acidification
Abiotic depletion
-10%

0%

Material production stage

10%

20%

30%

Construction stage

40%

50%

60%

Operation stage

70%

80%

90%

100%

End-of-life stage

Figure 18. Contribution of each stage to impact category

The results presented in Figure 18 were rearranged according to the main process involved in
the life-cycle analysis and the results are represented in Figure 19. Four main processes were
identified: (i) production of material, (ii) transportation of materials and equipments, (iii) use of
equipment, and (iv) traffic congestion. According to Figure 18, the processes of production of
materials and traffic congestion are dominant for most impact categories. The production of
materials has a contribution above 50% for the impact categories of “global warming”, “human
toxicity” and “terrestrial toxicity”; while traffic congestion has a major contribution (above
50%) for the impact categories of “photochemical oxidation”, “ozone depletion” and “abiotic
depletion”. The process of use of equipment has a significant contribution to the impact categories of “eutrophication”, “global warming” and “acidification”.
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Figure 19. Contribution of each main process to impact category

5.5.2 Normalized results
Using the normalized set of values indicated in section 4.5, the life cycle values obtained for
each impact category are represented in Figure 20, considering the end-of-life scenarios described in Table 15.
Photochemical oxidation
Eutrophication
Terrestrial ecotoxicity 100a
Human toxicity 100a
Ozone layer depletion steady state
Global warming 100a
Acidification
Abiotic depletion
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200

250

300
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Composite Bridge (1)

Figure 20. Normalized results for each impact category

From the previous graph it is observed that Abiotic Depletion and Global Warming are the
most significant impact categories; Acidification and Eutrophication, although representing a
significant value, are lower when compared with the previous ones.
5.5.2.1

Weighted results

Finally, using the set of weights indicated in section 4.6, the resulting life cycle results are
presented in Figure 21.
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Figure 21. Weighted results for each impact category

Abiotic Depletion and Global Warming are still the most significant impact categories; Acidification and Eutrophication have also a significant value when compared with the remaining
categories.
The same results divided by the area of the deck are indicated in Table 40. The first column
refers to life-cycle results considering end-of-life scenario 1. This was considered the base scenario. The other columns refer to life-cycle results considering the remaining end-of-life scenarios of Table 15 and the respective variation in relation to the results presented in the first column (base scenario). The best results were obtained considering end-of-life scenario 2, in
which the steel structure is re-used. However, taking into account that the period of analysis is
100 years, the reuse of 80% of the steel structure is a very optimistic scenario. The results indicated in the 3rd column, corresponding to end-of-life scenario 3, have a small variation in relation to the base scenario, showing that recycling of concrete has little influence in the final results (less than 1%). Finally, the last column referred to end-of-life scenario 4. In this case, the
“cut-off” rule is conservative for some impact categories, mainly “Global Warming”, while for
the impact categories of “Ozone depletion”, “Human toxicity” and “Terrestrial toxicity” the results decreased in relation to the base scenario.
Table 40. Life-cycle results of each impact category (per m2)
Impact

C. bridge (1)

Composite bridge (2)

Composite bridge (3)

Composite bridge (4)

category
AD

Total

Total

∆

Total

∆

Total

∆

6.32E-02

5.84E-02

-7.5%

6.30E-02

-0.2%

6.69E-02

5.9%

AC

1.52E-02

1.38E-02

-9.1%

1.52E-02

-0.2%

1.58E-02

4.1%

EU

1.65E-02

1.53E-02

-7.0%

1.64E-02

-0.4%

1.67E-02

1.0%

GW

4.73E-02

4.09E-02

-13.5%

4.72E-02

-0.2%

5.36E-02

13.4%

OD

1.41E-04

1.39E-04

-0.9%

1.40E-04

-0.4%

1.39E-04

-1.2%

HT

4.65E-03

4.54E-03

-2.3%

4.62E-03

-0.5%

4.56E-03

-1.9%

TT

8.35E-04

7.30E-04

-12.6%

8.33E-04

-0.2%

8.10E-04

-2.9%

Ph

6.61E-03

6.23E-03

-5.7%

6.60E-03

-0.1%

7.10E-03

7.4%

The base scenario was selected taking account the current practice in the sector. However,
considering that recycling has being increasingly promoted, it is predicted that in the near future recycling of concrete will be a standard practice.
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The results presented in Figure 22, which referred to end-of-life scenario 3, highlight the importance of the stages of material production and operation to the life cycle environmental
analysis.
End-of-life stage
Operation stage
Construction stage
Material production stage
-1,00E-02

2,00E-17

1,00E-02

2,00E-02

3,00E-02

4,00E-02

5,00E-02

Abiotic depletion

Global warming 100a

Ozone layer depletion steady state

Human toxicity 100a

Terrestrial ecotoxicity 100a

Photochemical oxidation

Acidification

Eutrophication

6,00E-02

7,00E-02

Figure 22. Weighted results per stage (considering end-of-life scenario 3)

6 LIFE-CYCLE COST ANALYSIS

6.1 Initial construction cost
The initial cost of the structure is 535 142.88 €, about 571.30 €/m2, and it was calculated
based on the bill of materials indicated in Table 1 and the unit costs in Table 2.
6.2 Operation costs
Over the period of 100 years, the bridge is assumed to be maintained and rehabilitated according to the plan indicated in Table 12.
The costs per year are based on the unit costs and frequencies indicated in Table 11. These
costs are illustrated in Figure 23. Present values of accumulated costs are also represented in
the same figure, considering a discount rate of 3.5%.
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Costs per year
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Figure 23. Operation costs of the bridge over its service life
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The present value of the total cost for maintenance and rehabilitation for the period of 100
years is thus 373 227.61 €, which represents a cost of 398.44 €/m2.
6.3 End-of-life cost
End-of-life costs encompass the cost of labour work, cost of equipments, cost of road warning signage, cost of transportation and cost for deposition of materials and/or revenue due to recycling of materials.
From information provided by a construction company the cost for demolition of a similar
bridge is about 100€/m2. This cost includes the cost of labour, the cost of equipment and fuel,
the cost of ancillary material, the cost of sorting the materials, the cost of all the necessary
measures to ensure the safety of the work zone and the cost for cleaning the zone.
This stage includes also the transportation of materials to the disposal/recycling site and the
cost or revenue due to landfill or recycling, respectively. As indicated in section 3.3, demolition
waste is classified into the following categories:
i) 17 01 01 - Concrete;
ii) 17 03 - Bituminous mixtures, coal tar and tarred products;
iii) 17 04 05 - Iron and steel.
These wastes are sent for recycling or deposit in a landfill. The cost of transportation requires the estimation of the distances from the demolition place to the disposal/recycling place,
the efficiency of the trucks and the price of the fuel. The cost for transportation is given in Table 41 assuming trucks with an average load of 25 tonnes.
Table 41. Cost for transportation of demolition waste materials
Mass
No. of
Distance to dis(tonnes)
trucks
posal/recycling
site (km)
Concrete
1619.2
65
60
Bituminous
89.6
4
20
Iron and steel
199.2
8
100
(*) Considering the density of diesel 0.84 kg/l

Fuel efficiency
(l/km)
0.29(*)
0.29(*)
0.29(*)

Cost
of fuel
(€/l)
1.065
1.065
1.065

Transportation
fuel cost
(€)
2 409.03
49.42
49.42
2 952.66

In the case of the waste sent for a disposal site, the facility operator charges a fee to assume
possession of the demolition waste. The cost to dispose Construction and Demolition Waste
(C&DW) varies according to the type of material and the degree of contamination of the
C&DW. For instance, according to the information received from an operator in Portugal, the
cost for disposal of inert material varies from 4.0€- 80.0€ per tonne, depending on the percentage of non-inert materials included. Considering that the materials were sorted in the demolition place and assuming the fees indicated in Table 42, the cost for disposal of demolition waste
is about 20 672.00€.
Table 42. Cost of fees for disposal
Mass (tonnes)
Concrete
Bituminous

1619.2
89.6

Fee for disposal (€/tonne)
10
50

Cost for disposal
(€)
16 192.00
4 480.00
20 672.00

In the case of steel, it is assumed that the dealer pays the contractor 100€/tonne (this price is
usually depending on the price of steel, according to the information from the U.S. recycling institute a price of $120/ton of steel may be considered). This figure has a negative sign since it is
a revenue and not a cost for the contractor. Hence, the money earned from steel scrap is given
in Table 43.
Table 43. Revenue due to scrap
Mass (tonnes)
Iron and steel
199.2

Price of scrap (€/tonne)
100
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Hence, the total end-of-life cost is given by the sum of the previous components, leading to a
total of 97 375.81 €. This cost is supposed to take place in year 100, and considering a discount
rate of 3.5%, the net present value is 3 121.88 €.
Considering the end-of-life scenarios indicated in Table 15, and considering the same revenue for the recycling and the reuse of the steel structure, the end-of-life cost indicated in the
previous paragraph corresponds to the cost of the first and second end-of-life scenarios. For the
third scenario, the fee for the disposal of concrete material is not considered. However, no value is available for the revenue of the inert material and hence this value was neglected. Finally,
for the fourth scenario a cut-off rule is used. In this case, the burdens and credits due to recycling materials are not considered. Therefore, to be consistent with this rule, the scrap revenue
is cut-off from the final accounting. The end-of-life costs for each scenario are summarized in
Table 44.
Table 44. End-of-life costs for each scenario
1st scenario
2nd scenario
Total cost (€)
97 375.81
97 375.81
PV total cost (€)
3 121.88
3 121.88
PV Total cost (€/m2)
3.33
3.33

3rd scenario
81 183.81
2 602.76
2.78

4th scenario
117 295.81
3 760.52
4.01

6.4 Life cycle cost
The compilation of the costs calculated in the previous sections lead to the total life-cycle net
present cost (PVLCC) of 911 492.37 €, using a discount rate of 3.5% and the first end-of-life
scenario. This represents a total cost of about 973.08 €/m2. The costs per year and the accumulated present value of the bridge are illustrated in Figure 24.
1.000.000,00 €

911.492,37 €

900.000,00 €
800.000,00 €
700.000,00 €
600.000,00 €

535.142,88 €

500.000,00 €
400.000,00 €
300.000,00 €
200.000,00 €
100.000,00 €

1
4
7
10
13
16
19
22
25
28
31
34
37
40
43
46
49
52
55
58
61
64
67
70
73
76
79
82
85
88
91
94
97
100

0,00 €

Figure 24. Life cycle costs of the composite bridge and accumulated present value (line in red)

Considering the four end-of-life scenarios, the respective life cycle net present costs
(PVLCC) are summarized in Table 45.
Table 45. PVLCC considering different end-of-life scenarios
1st scenario
2nd scenario
3rd scenario
PV LCC (€)
911 492.37
911 492.37
910 973.25
2
PV LCC (€/m )
973.08
973.08
972.52

4th scenario
912 131.01
973.76

6.5 Sensitivity analysis
To identify which are the most important variables affecting the life cycle cost of the bridge,
a sensitivity analysis is performed as described in the following paragraph.
The sensitivity analysis is performed using the Microsoft Excel TopRank (2009) add-in
software package. The input variables tested in this analysis were: (i) the initial cost of con-
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struction; (ii) the unit costs in Table 11; (iii) the end-of-life cost; and (iv) the discount rate (d).
All the input variables were assigned a variation of -20% and 20%.
A tornado graph (represented in Figure 25) was obtained comparing the effects of the most
important input variables on the total life cycle cost of the structure. For each variable a bar is
drawn between the extreme values of the final cost, calculated using the lower and upper input
values. The importance of the variables is recognized from this graph, with the most important
variable plotted on the top of the graph and the variables with decreasing importance plotted
down the vertical axis.
0 / construction (B3)

d (Q1)

Painting of steel beams (F12)
Replacing of expansion joints
(F6)

TopRank Student Version

Repairing of concrete protection
(F14)

For Academic Use Only

Surfacing (asphalt) (F7)

1050000

1000000

950000

900000

850000

800000

Main inspection (F4)

Value of 100

Figure 25. Tornado graph of the life cycle present value of the bridge

Hence, the most important variable is the construction cost of the bridge. This cost occurs at
the base year of the study and thus, no discount is made. The second most important variable is
the discount rate (d). The unit cost for re-coating of the steel structure (in €/m2) has also a significant importance. Costs for replacing expansion joints (in €/m), for repairing the concrete
structure (€/m2) and for new surface replacement (€/m2) come next in terms of importance.
The same conclusions can be drawn from the spider diagram represented in Figure 26. In this
diagram, the slope of each line depicts the relative change in the final cost of the bridge per unit
change in the input variable. Hence, the three most important variables are the discount rate, the
construction cost and the cost for re-coating of the steel structure.
In the case of the discount rate (d), the relationship between the input and the output (final
cost) is nonlinear and therefore this relationship is represented by a curve. For all the remaining
variables, there’s a linear relationship between the input and the output.
As observed from the diagram a small increase of 10% of the initial cost increases the final
cost of the structure in 5%; whereas a small increase in the discount rate of 10% reduces the final cost of the structure in 5%.
This sensitivity analysis allowed to identify which are the most important parameters in the
life cycle cost analysis. The discount rate is naturally one of the most important parameters.
However, the sensitivity analysis does not taken into account the simultaneous variation of different parameters, nor the relation between variables. Therefore, a more accurate analysis
would be achieved by means of a probabilistic analysis (Gervásio, 2010); however, this type of
analysis is not within the scope of this paper.
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Figure 26. Spider diagram of the life cycle present value of the bridge

7 LIFE-CYCLE SOCIAL ANALYSIS

7.1 Introduction
Three types of user costs are considered for all stages: the cost of vehicle operation (VOC), the
cost of driver delay (DDC) and the cost of safety.
The cost of the time lost by a driver while travelling through a work zone is here denominated as Driver’s Delay Cost (DDC). This cost is given by the difference between the cost of
the time lost by a driver while travelling at normal speed and the time lost while travelling at a
reduced speed due to construction works on the same length of the motorway, as given by expression (3) (Ehlen, 2003):
4
 L
L 
 × N × ADT × ∑ (DTCi × pi )
DDC = 
−

 Sa Sn 
i =1

(3)

where, L is the length of affected motorway (in km), Sa is the traffic speed during work activity
(km/h), Sn is the normal traffic speed (km/h), N is the number of days of road work, ADT is the
average daily traffic (no.cars/day), N is the number of days of road work, DTCi is the cost per
hour of a driver’s time of a class i vehicle and pi is the percentage of class i vehicles in total
traffic flow.
A vehicle travelling through a work zone is subjected to delays. This construction related delays result in additional costs for the owner of the vehicle. These additional costs are hereby
denominated Vehicle Operating Costs (VOC). This cost is given by the difference between the
cost of the operation of the vehicle while travelling at normal speed and the operation of the
vehicle while travelling at a reduced speed due to construction works on the same length of the
motorway, as given by expression (4) (Ehlen, 2003):
4


S
VOC =  L − a × L  × N × ADT × ∑ (VOCi × pi )
Sn


i =1

(4)

where, Sa is the traffic speed during work activity (km/h), Sn is the normal traffic speed
(km/h), L is the length of affected motorway (km), N is the number of days of road work, ADT
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is the average daily traffic (no.cars/day), VOCi is the operation cost of class i vehicle (€/km);
and pi is the percentage of class i vehicles in total traffic flow.
Finally, accident costs represent the additional costs due to a work zone in a road or motorway; thus, they are calculated by the difference between the cost of accidents in a length of motorway with no work activity and the cost of accidents in the same length when there is work
activity, as given by the following expression (Ehlen, 2003),
AC = L × ADT × N × (Ra − Rn ) × Ca

(5)

where, L is the length of affected roadway, ADT is the average daily traffic (no.cars/day), N
is the number of days of road work, Ra and Rn are the during work activity and normal accident
rates (per vehicle-kilometre) and Ca is the cost per accident.
7.2 Social impacts due to construction
The construction of the bridge took 87 days. Over this period of time traffic restrictions are
imposed according to the requirements of Portuguese legislation regarding traffic conditions
and safety of users through work zones.
As already referred the bridge is new, therefore no traffic was considered over the bridge
during the construction stage. Thus, the construction of the bridge only affects the traffic in the
motorway.
The calculation of users’ costs during the construction stage is based on the same scenarios
considered for the life cycle environmental analysis. Therefore, no further description is provided in this section in relation to scenarios.
Hence, total user costs for the construction stage are summarized in Table 46.
Table 46. Total user costs during construction stage
Description
Global scenario 1
Global scenario 2

DDC
157492.86
194409.78

Night work (1 lane open)
Day work (1 lane open)

User costs (€)
VOC
228272.04
246571.56

Safety
1524.60
1594.80

7.3 Social impacts during the operation of the bridge
Likewise, the calculation of users’ costs during the operation stage is based on the same scenarios considered for the life cycle environmental analysis. Therefore no further description is
provided in this section.
Therefore, total user costs for the operation stage are summarized in Tables 47 to 50, for
combined actions A, B, C and D, respectively.
Table 47. Total user costs for Combined Action A
Description
Global scenario 1
Global scenario 2

Night work (1 lane open)
Day work (1 lane open)

DDC
5842.88
7253.92

User costs (€)
VOC
8582.56
10674.56

Safety
44.16
55.36

DDC
74499.33
75469.42
251527.81
252497.90

User costs (€)
VOC
107629.36
109067.61
203469.58
204907.83

Safety
529.58
537.28
778.80
786.50

147278.03

156842.32

667.28

148248.12

158280.57

674.98

Table 48. Total user costs for Combined Action B
Description
Global scenario 1
Global scenario 2
Global scenario 3
Global scenario 4
Global scenario 5
Global scenario 6

night work motor. + n. work cr.
night work motor. + d. work cr.
day work motor. + n. work cr.r
day work motor. + d. work cr.
reduce day work motorway
night work crossover
reduce day work motorway +
day work crossover
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Table 49. Total user costs for Combined Action C
Description
Global
scenario 1
Global
scenario 2
Global
scenario 3
Global
scenario 4
Global
scenario 5
Global
scenario 6
Global
scenario 7
Global
scenario 8
Global
scenario 9
Global
scenario 10

DDC

night work motorway (3 lanes open)+
night work crossover
night work motorway (3 lanes open)
+ day work crossover
day work motorway (3 lanes open) +
night work crossover
day work motorway (3 lanes open) +
day work crossover
night work motorway (2 lanes open)+
night work crossover
night work motorway (2 lanes open)
+ day work crossover
day work motorway (2 lanes open) +
night work crossover
day work motorway (2 lanes open) +
day work crossover
reduce day work motorway (2 lanes
open) + night work crossover
reduce day work motorway (2 lanes
open)+ day work crossover

User costs (€)
VOC

Safety

237229.53

343295.74

1691.92

238199.62

344733.99

1699.62

265615.93

384955.54

1908.22

266586.02

386393.79

1915.92

237468.23

343650.64

1694.02

238438.32

345088.89

1701.72

1906010.63

873983.24

2912.02

1906980.72

875421.49

2919.72

909129.43

612608.14

2358.32

910099.52

614046.39

2366.02

Table 50. Total user costs for Combined Action D
Description
Global
scenario 1
Global
scenario 2
Global
scenario 3
Global
scenario 4
Global
scenario 5
Global
scenario 6
Global
scenario 7
Global
scenario 8
Global
scenario 9
Global
scenario 10

User costs (€)
VOC

Safety

92070.51

133316.64

659.08

94451.64

136846.89

677.98

110809.95

159497.32

783.18

113191.08

163027.57

802.08

92205.49

133516.90

660.10

94586.62

137047.15

679.00

1613040.79

563282.34

1583.54

1615421.92

566812.59

1602.44

660751.45

335286.16

1129.30

663132.58

338816.41

1148.20

DDC

night work motorway (3 lanes open)
+ night work crossover
night work motorway (3 lanes open)
+ day work crossover
day work motorway (3 lanes open) +
night work crossover
day work motorway (3 lanes open) +
day work crossover
night work motorway (2 lanes open)+
night work crossover
night work motorway (2 lanes open)
+ day work crossover
day work motorway (2 lanes open) +
night work crossover
day work motorway (2 lanes open) +
day work crossover
reduce day work motorway (2 lanes
open) + night work crossover
reduce day work motorway (2 lanes
open)+ day work crossover

The summary of user costs, per combined activity, is represented in Figure 27, considering
the best scenario in each case. Naturally, the longer the duration of the activity, the higher are
the respective user costs.
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Figure 27. User costs per combined maintenance action

The user costs per year and the present value of the accumulated user costs are represented in
Figure 28, considering a discount rate of 3.5%. These costs are also related to global scenario 1
in each combined activity.
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Figure 28. User costs of the bridge over its service life

7.4 Social impacts due to the demolition of the bridge
Like in the previous stages, the calculation of users’ costs during the end-of-life stage is
based on the same scenarios considered for the life cycle environmental analysis. Therefore, no
further description is provided in this section. Also, during this stage it is assumed that the traffic over the bridge is detoured to an alternative road and thus no user costs are taken into consideration in this traffic analysis.
Therefore, total user costs for the end-of-life stage summarized in Table 51.
Table 51. Total user costs during the demolition stage
Scenario

Description

Global scenario 1
Global scenario 2
Global scenario 3
Global scenario 4

night work motorway (3 lanes open)
day work motorway (3 lanes open)
night work motorway (2 lanes open)
day work motorway (2 lanes open)
reduce day work motorway (2 lanes
open)

Global scenario 5
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DDC
112777.52
118289.36
112812.64
619604.80

User costs (€)
VOC
162721.38
170127.14
162773.46
299826.50

Safety
797.04
829.76
797.28
1083.28

291749.68

223454.50

934.72
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7.5 Life cycle social impact
The compilation of the costs calculated in the previous sections lead to the total present value
life cycle social cost of 614 174.00 €, which represents a cost of about 656.00 €/m2. The costs
per year and the accumulated present value cost of the bridge are illustrated in Figure 29. In this
analysis a discount rate of 3.5% was considered.
700.000,00 €
600.000,00 €
614.173,55 €
500.000,00 €
400.000,00 €

387.289,50 €

300.000,00 €
200.000,00 €
100.000,00 €
0,00 €
0

5

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Figure 29. Life cycle social costs of the composite bridge and accumulated present value (line in red)

Considering the different stages over the life cycle of the bridge, the present value of the social cost per stage is indicated in Table 52.
Table 52. Social costs of the bridge per stage (present value)
Construction
Operation
387 289.50 €
218 025.97 €
413.46 €/m2
232.76 €/m2

End-of-life
8 858.08 €
9.46 €/m2

The final value of the three indicators considered in the LCSA (the cost of vehicle operation
(VOC), the cost of driver delay (DDC) and the cost of safety, are indicated in Table 53.
Table 53. Life cycle social costs of the bridge (present value)
DDC
VOC
Safety
249 902.93 €
362 084.41 €
2 186.21 €
266. 79 €/m2
386.55 €/m2
2.33 €/m2

Life cycle social costs of the bridge were evaluated based on the best scenarios defined for
each stage. As observed over the previous sections, the consideration of bad options in relation
to traffic management may drastically increase social costs. The accumulated life cycle user
costs considering the “best scenarios” and the “worst scenarios” for each bridge intervention
are indicated in Figure 30.
1.600.000,00 €
1.400.000,00 €
worst scenarios

1.200.000,00 €

best scenarios
1.000.000,00 €
800.000,00 €
600.000,00 €
400.000,00 €
200.000,00 €
0,00 €
0

5

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Figure 30. Accumulated life cycle user costs considering “best scenarios” and “worst scenarios”
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As observed from the previous figure, a bad management of the construction work in the motorway may double life cycle user costs.
8 CONCLUSIONS
This case study described the life cycle analysis of a composite bridge, considering the environmental, economic and social criteria.
The aim of the life cycle analysis was to identify the process(es) with major impacts and the
causes of those impacts. This was accomplished by a comprehensive data collection and impact
evaluation in terms of the three main aspects.
Data collection is undoubtedly the most time-consuming task in life cycle analysis and it is
currently a major barrier to the implementation of such analysis. Moreover, lack of data, particularly environmental data, was a problem often encountered along the study. In this case, data
was replaced, whenever possible, by the most similar data available.
In the environmental analysis, it was concluded that the stages of material production and
operation are the ones with major impacts. In these stages, “global warming” and “abiotic depletion” are the most important impact categories, followed by “acidification” and “eutrophication”. The major impacts are mainly due to the consumption of materials and other resources
(e.g. fuel).
In terms of processes involved in the analysis, production of materials and traffic congestion
are the most important processes, with major contribution to all impact categories. From this
analysis, it may be concluded that the use of construction materials with lesser environmental
impacts and a well-planned management of construction work throughout the life cycle of the
bridge are important factors to consider in the pursuit of an improved life cycle environmental
performance.
The normalization step of the environmental analysis allowed a more effective identification
of the most important environmental categories.
Weighted values of environmental categories confirmed the results obtained by normalization. However, in this case, the impact category of “global warming” was given higher importance reflecting current concerns about this important environmental problem.
The results of the life cycle cost analysis and life cycle social analysis allow to conclude
about the importance of minimizing maintenance and rehabilitation activities over the service
life of the structure. Furthermore, the life cycle social costs are about 75% of the life cycle cost
of the bridge. This shows the importance of the social criteria in the design of the structure.
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1 INTRODUCTION
In the traditional spirit of building, there is a frequent dispute that leads to a so-called “adequate
design”. It includes two conditions that are somehow in contradiction:
1. The accomplishment of design criteria related to safety and functionality. It implies aspects
related to resistance and stability under severe conditions of loading, the architectural, thermal,
acoustic, hydro-insulation demands etc. that could affect the internal comfort of the inhabitants;
2. The achievement of an economical structure. This criterion may influence not only the
choice of a structural system, but also the choice of building envelopes and other non-structural
components. Mainly, it is the beneficiary who takes the principal decisions about investing more
in the construction phase thus reducing the costs during exploitation or reciprocally.
In the holistic approach, applying an integrated performance design, the environmental
impact should be considered as a third set of constraints.
Taking into account the fact that the first condition of safety and functionality represents a
necessary condition for a building, it results that the design should be based on the following
philosophy: among the solutions that assure the safety and functionality of a building, one
should chose those conducting to a minimum cost and a lower impact on environment.
Sustainable development in construction assumes not only the implications in design options
(the choice of building materials etc.) and the architectural aspect, but also should contain
considerations on energy efficiency and the disposal scenario. Most of the results derived form
environmental impact analyses carried on buildings clearly show the fact that the dominant
impact factors are related – directly or indirectly – to the energy use.
Energy use throughout the entire service life of the building, known as operational energy, is
one of the most important keys in the construction sector. Regarding buildings, thermal
performance and energy efficiency, respectively, have an important economic, social and
environmental impact.
Designing a building for a lifetime, established by design rules to 50-100 years, can no longer
be made by ignoring its impact on the environment, including its construction and exploitation,
respectively, through both resource consumption and its effects. By integrating a sustainable
development, a building and its associated area must meet the following requirements during
building and operation: (i) effective choice of location, (ii) design in terms of durability of
construction, (iii) material selection, (iv) construction, (v) waste management, (vi) energy and
water efficiency, (vii) indoor air quality, (viii) use, (ix) dismantling, (x) reuse of components,
(xi) recycling. The impact of all of these requirements should be integrated into an overall life
cycle impact (Dubina et al. 2007 a, b).
Considering the huge amount of energy and materials used in construction, environmental
impact is increasingly seen as a prerequisite of the design process. Moreover, this should be
considered in all phases of construction, as Michlmair & Maydl (2008) showed, the influence of
selected materials and the construction stage being overestimated as compared to the use and
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maintenance stages, highlighting the importance of life-cycle design of buildings. Life Cycle
Assessment (LCA) is the most appropriate way to determine the environmental impact of
products or processes. Despite various studies about the approaches for the buildings
sustainability assessment, there is a lack of a worldwide accepted method of quantifying the
environmental impact (Braganca et al. 2007).
2 CASE STUDY – CONSTRUCTION SYSTEMS
In recent years, steel framed houses have become a choice for house construction in many
European countries, including Romania. Compared with traditional solutions, the properties of
the light-gauge steel skeleton can be exploited to take both technical and economical advantages
from lightness of structures, ease of prefabrication, speed of erection and enhanced quality.
In what concerns the sustainability of such systems, one may think that they could have an
important environmental impact, taking into account the types of materials used: steel for the
skeleton, also steel for roof cover, highly processed wood (OSB) for wall boarding and so on.
This is the reason why a comparison between the “traditional house” and the “Thin-Walled
Cold-Formed” (TWCF) house is welcome in the domain of sustainability. In this perspective,
the present work presents a comparison, made for a common family house. Similar studies
(Santos et al. 2010) showed through LCA studies that the environmental performance of lightweight steel houses is greater than that of traditional ones.
The house under investigation represents a private single-family house, built in TWCF
solution, in 2005 in Ploiesti, Romania (Ungureanu & Dubina 2006). There are two main
characteristics of the built house, namely the lightweight-steel framing and the architectural
solution constrained by the site shape (see Figure 1).
From the architectural point of view, the main challenge of the project was to fit the house on
an irregularly shaped lot of only 168 m2. The resulting cube-like building measured at the end
84m2 of built area on each of the two floors (see Figure 2). Due to the proximity of the buildings
on the adjacent properties, the next difficulty consisted in finding the balance between the right
amounts of views, natural light and privacy. Because the building seats on the property limit, it
was impossible to provide window openings on that side. This was also one of the reasons for
using a single sloped roof, the resulting height of the building ranging from 9m to 10.5 m. Each
floor has approximately 2.75 m height with a roof slope of 30°. Two skylights located above the
staircase and the hallway, were placed in order to provide a light shaft, in order to enhance the
central part.

Figure 1. 3D views of Constantin’s family house.
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Lower floor plan: 1. dining room; 2. kitchen; 3. living room; 4. den; 5. laundry;
Upper floor plan: 6. master bedroom; 7. library; 8. bedroom; 9. dressing; 10. bathroom; 11. logia
Figure 2. First and second floor plan of Constantin’s house.

2.1 Description of TWCF system
The structural skeleton is made of light-gauge C shaped profiles (C150/1.5) spaced at intervals
of 600 mm, with a thickness of 1.5 mm, fixed with 4.8 mm diameter self drilling screws (see
Figure 3). The height of the cross-section of profiles is 150 mm, dimension that governed the
thickness of the walls. In order to withstand horizontal actions and to provide stiffness and
strength the walls were stiffened using 12 mm thick Oriented Strand Boards (OSB) provided on
both sides of the structural walls, as Figure 4 shows.

Figure 3. Steel skeleton of the structure.
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The load bearing beams in the slab are C200/1.5 profiles disposed at 600 mm intervals, this
distribution resulting from the condition of controlling the vibrations of the floor rather than
from strength conditions. Roof purlins resulted as Z150/1.5 profiles spaced at intervals of 1200
mm. The floor diaphragms were designed to be based on the same principle of covering with
OSB. No concrete was used on the slab.
The isolated foundations under columns were linked by foundation beams. The floor at
ground level (concrete slab of 10 cm) was cast over a bed of dense soil and a layer of compacted
gravel.

Figure 4. Skeleton with structural OSB sheeting.

Figure 5 shows the structure in two different stages: (a) the finished steel skeleton and (b) the
steel skeleton stiffened by load bearing OSB panels. Figure 6 presents final exterior and interior
views of the completed house.

(a) the finished steel skeleton

(b) the steel skeleton together with all load bearing
OSB panels attached

Figure 5. The structure during construction.
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(a) General view
(b) Interior view – staircase
Figure 6. Constantin’s family house – completed house.

2.2 Description of Traditional Romanian dwelling
In order to have a real environmental impact comparison, a masonry structure has been designed
following the above-described architectural plans (Ciutina et al. 2009; Ciutina & Ungureanu
2009). Due to differences of wall thicknesses used in the two solutions, the main preoccupation
was to obtain the same inside volume for all rooms.
The design considers the same location of the building and the same imposed and climatic
loadings. The resulted structural system is composed by masonry walls of 25 cm, concrete floor,
continuous foundations and timber roof structure covered with ceramic tiles, as presented in
Figure 7.

A

B

C

Figure 7. Vertical section of the masonry structure.
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3 STRUCTURAL DESIGN
3.1 TWCF structure
3.1.1 General data
The structure is designed considering the climatic and seismic conditions of the city of Ploiesti,
Romania. The loads used for the design of the structure were taken according to Romanian
codes, actually aligned to relevant Eurocodes.
The self weight of the structure was evaluated at: 0.45 kN/m2 for the roof, 0.70 kN/m2 for the
slab, 0.60 kN/m2 for exterior walls and 0.20 kN/m2 for internal walls. The other loading
conditions were determined according to the Romanian standards. Imposed load on the slab was
taken as 1.50 kN/m2, snow load on the roof as 1.20 kN/m2 and wind load on the surface exposed
to maximum pressure as 0.40 kN/m2.
The earthquake design of the building was done for a peak ground acceleration (PGA) of
0.25g allowing no reduction of the seismic action by choosing a behaviour factor q = 1. This
condition is required by national regulations, which do not allow for reduction of seismic forces
in case of light-gauge steel structures; the rules being independent of the structural scheme.
The design of structural elements (columns, beams) was made according with EN1993-1-1,
EN1993-1-3, EN1993-1-8 and Romanian seismic design code P100-92, both for ULS and SLS.
To control the floor vibrations, a deflection of L/350 was considered reasonable for a family
house.
The structural skeleton is made of light-gauge C shaped profiles framing. Columns are pinned
at the base on both directions. In order to withstand horizontal actions from wind and
earthquake and to provide stiffness and strength, the walls were stiffened using 12 mm thick
Oriented Strand Boards (OSB) provided on both sides of the structural walls. The floor
diaphragms were designed to be based on the same principle of covering with OSB.
3.1.2 Seismic design
In what concerns the seismic response, the performance of shear walls is crucial. Test results of
full-scale wall panels, made by cold-formed wall-stud skeleton and different cladding
arrangements, commonly used in residential buildings, tested in the Laboratory of Steel
Structures of the “Politehnica” University of Timisoara, Romania (Fülöp & Dubina 2004a,b),
have been used as reference values for checking the available shear strength of walls.
For the 3D analysis, the rigidity induced by the sheathing has been replaced by equivalent
cross bracings and considering the frame to be pinned. Rigidity criteria and test results on wall
specimens have been used to calibrate the area of equivalent braces. The structure is subjected
to torsion during an earthquake because the walls on axes 1 and D are fully sheathed, while the
ones on axes 3, 4 and A accommodate all the openings. In these conditions, from the point of
view of earthquake, the most critical wall panel is the one from axis A on the ground floor. The
maximum shear force in this wall was 43 kN (12.8 kN/1m).
The masses were computed from the earthquake combinations (1 × self weight + 0.4 × live
load + 0.3 × snow load) according to Romanian standards in 2004. The first three vibration
modes of the structure have been simulated using FE analysis, and the corresponding periods of
vibration are: T1 = 0.38s, T2 = 0.35s and T3 = 0.26s.
3.1.3 Design assisted by testing on full-scale wall panels
For a proper design of cold-formed steel-framed houses in earthquake regions, the behaviour of
the shear walls has to be known. Besides the structural walls, the behaviour of a house is
influenced, at least in the early stage of the shaking, by the non-structural elements which
usually is not accounted for in the design. The non-structural finishing elements have a
structural contribution that changes the vibration modes and the damping properties of the
structure.
A large experimental and numerical investigation has been carried out at the “Politehnica”
University of Timisoara, along several years, in order to evaluate and characterize the behaviour
of this type of structures (Dubina 2008). First, the stiffness, resistance and ductility of cold-
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formed steel shear walls have been evaluated via laboratory tests and numerical simulations
(Fülöp & Dubina 2004a,b). Afterwards, the main modal characteristics have been determined in
three subsequent stages of construction and analyzed in order to evaluate the seismic
performance of the building as a whole and used to quantify the influence of the non-structural
elements which are not accounted for in the modelling (Dubina 2006).
3.1.3.1 Evaluation of the properties of shear walls
One of the problems arising during the design of such a structure is the evaluation of the load
bearing capacity and of the rigidity of the sheathing system of walls and slabs. The case of the
slabs can be covered by general provisions (ex. some detailing conditions) due to the low level
of stresses, but the realistic analysis for the walls is crucial. In this case extrapolation from
existing experimental results on shear walls was the basis used for the evaluation of the load
behaviour properties. Walls with similar skeleton sheathed on one side using identical OSB
panels (tOSB = 10 mm), with similar fixing plan (i.e. 105 mm screw intervals) and the same
diameter screws (dscrew = 4.2 mm) were previously tested monotonically and cyclically (Fülöp &
Dubina 2004a,b). A particular attention was paid to the influence of the fastening system (Fülöp
& Dubina 2006). The summary of the entire testing programme is described in Table 1, while
the testing set-up and a sample of results are shown in Figures 8 and Figure 9.
Table 1. Description of wall specimens.
Exterior
Series
Configuration
cladding

Interior
cladding

Testing
method

Loading
velocity

No. of
tests

-

Monotonic

1

1

Monotonic

1

1

Cyclic

6–3

2

Monotonic

1

1

Cyclic

6–3

2

Monotonic

1

1

Cyclic

3

1

Monotonic

1

1

Cyclic

6-3

2

Monotonic

1

1

Cyclic

3

1

Monotonic

1

1

Cyclic

3

1

O

-

I

Corrugated
Sheet
LTP20/0.5

-

II

Corrugated
Sheet
LTP20/0.5

Gypsum
Board

III

-

IV

Corrugated
Sheet
LTP20/0.5

OSB I

OSB II

10 mm OSB

10 mm OSB

-

-

-

-

Total Number of Specimens
15
* Loading velocity in cm/min for monotonically and cycles/min for cyclically tested specimens.

The tested panels were 2.55 m high, 3.6 m long and the ultimate load obtained from the test
was Fmax = 69.8 kN (or 19.4 kN/1m). The elastic rigidity of the panel was Kini = 4197 kN/mm.
The wall panels used (OSB I and OSB II) were sheathed on both sides with OSB and the corner
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details were strengthened in comparison to the tested case. The design capacity of the walls used
for the construction has been evaluated to Fdes = 17.6 kN/1m.

H2

H1

H4

H3

V2

V1

Figure 8. Experimental set-up.
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Figure 9. Experimental curves.
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Based on experimental results (see Figure 9), a very simple method was applied to calculate
the efficiency of shear wall panels. Due to the configuration of the structure, the analysis can be
divided following the two principal directions, i.e. transversal and longitudinal ones (Fülöp
2003). In transversal direction it is considered that seismic action is resisted by the transversal
shear walls (see Figure 10), while longitudinally by the longitudinal shear walls (see Figure 11).
The lengths of the shear wall panels that compose the analysed TWCF structure, for the
ground and first floor, both on transversal and longitudinal direction are presented in Table 2.
Table 2. The lengths of the shear wall panels for the TWCF structure (in meters).
Transversal
Axis 1
Axis 1’
Axis 2
Axis 2’
Axis 3
Ground floor
8.1
3.2
3.2
2.18
1.62
First floor
9.05
3.2
1.62

Longitudinal
Ground floor
First floor

Axis A
3.37
3.37

Axis B
1.5
-

Axis C
3.3
-

Axis D
9.05
9.05

-

Axis 4
3.25
3.25

Total
21.55
17.12

-

Total
17.22
12.42

In a first step, the total mass of the structure is evaluated, at the level of the first floor and at
the roof level, taken into account the loads and safety coefficients, considered for the special
combination of seismic action:
n

m

(1)

∑ Gk , j + γ I AE ,k + ∑ ψ 2,i Qk ,i
j =1

i =2

where:
AE,k – Characteristic value of seismic action;
ψ0,i – Factor for combination value of the variable action i;
Qi – 0.4 for snow load and live load.
It results: (i) the total mass at the floor level Mground floor = 23.07 t and (ii) the total mass at the
roof level Mfirst floor = 11.71 t. Accordingly, the total seismic force applied on the structure is:
Se (T ) = γ I ⋅ a g ⋅ β (T ) ⋅ g ⋅ M = 1 ⋅ 0.28 ⋅ 2.75 ⋅ 9.81 ⋅ ( 23.07 + 11.71) = 262.72 kΝ

(2)

Considering that the deformation is linear in regard with the height, the horizontal load is
distributed to both levels as follows:
S1 = Sr ⋅

z1 ⋅ G1
3 ⋅ 23.07
= 262.72 ⋅
= 120.27 kN
( 3 ⋅ 23.07 + 7 ⋅11.71)
∑ (z j ⋅ G j )

z ⋅G
7 ⋅ 11.71
S2 = Sr ⋅ 2 2 = 262.72 ⋅
= 142.45 kN
( 3 ⋅ 23.07 + 7 ⋅ 11.71)
∑ (z j ⋅ G j )

(3)

The total seismic force corresponding to both levels are:

Tground floor = S1 + S2 = 262.72 kN

(4)

Tfirst floor = S2 = 142.45 kN

Based on experimental work, for the analysed shear wall panels the shear capacity under
cyclic loadings was found of 69844 N (Fülöp & Dubina 2004a,b), which means for a length of
3.6 m of the tested panels an experimental reference capacity of 19.40 kN/m.
According to American code (AISI, 1998), for a similar shear wall panel, sheeted on one side
(OSB 7/16” and self drilling screws No. 8 x 1in., placed at every 4 in.), the shear capacity is of
915 lbf/ft, i.e. 14.59 kN/m. The American code (AISI, 1998) allows to determine the shear
capacity of shear walls with a ratio length / height smaller than ½. The shear capacity of such a
shear wall can be obtained by multiplying the reference value of 14.59 kN/m by 0.6, which
gives a shear capacity of 8.754kN/m. Considering the fact the walls of the analysed structure are
sheeted on both sides, the shear capacity is doubled, becoming Pcalc = 17.51 kN/m.
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Wall Ax.
Axis1 1
Perete

Perete
Ax. 1'1’
Wall Axis

Wall Axis
Perete
Ax. 2'2’

Wall Axis
Perete
Ax. 22

Wall Axis
Perete
Ax. 33

PereteAxis
Ax. 44
Wall

Figure 10. The shear walls on transversal direction.
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Wall
Axis
Perete
Ax.BB

Wall
PereteAxis
Ax. AA

Wall Axis C

Wall Axis D

Figure 11. The shear walls on longitudinal direction.

Finally, the length of walls necessary to provide the shear capacity results as:
Lground floor =

Tground floor
Pcalc

=

262.72
= 15.00 m < 21.55m (transversal)
17.51
< 17.22m (longitudinal)

T
142.45
Lfirst floor = first floor =
= 8.14 m < 17.12m (transversal)
Pcalc
17.51

(5)

< 12.42m (longitudinal)
3.1.4 In-situ measurements
The project was a pilot one in Romania, where the building location is recognized as a high risk
seismic zone, and for this reason the design procedure and the seismic performance of the
structure have been confirmed by in situ tests.
For that purpose, the dynamic properties for small amplitude vibrations of the building have
been studied by direct measurements in three distinct stages of construction:
- Stage 1: only the self weight of the steel structure has to be taken into account;
- Stage 2: the steel skeleton together with all load bearing OSB panels fixed;
- Stage 3: the completed building with all finishes, before being handed over to the owner.
It has to be underlined that no live or snow load has been taken into account during
measurements.
Before in situ tests the dynamic properties have been determined by FE analysis. The selfweight of the steel skeleton (i.e. excluding the trapezoidal sheathing) has been evaluated to
4600kg. The masses of the sheeting and finishing elements are M1 = 700kg (Stage 1), M2 =
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4650kg (Stage 2) and M3 = 25200 kg (Stage 3). In the earthquake design situation the mass of
the structure is Mdesign = 32700 kg. Taking into account the contribution of these masses the
vibration periods presented in Table 3 were predicted using FE analysis. Note that Stage 3 (i.e.
the structure with finishing) differs from Stage 2 only from the point of view of the
supplementary mass generated by the finishing; the stiffness contribution of the secondary and
finishing elements has not been included in the modelling.

a)

b)

c)
Figure 12. The first 3 mode shapes in the second stage (FE modelling): (a) first mode, (b) second mode,
(c) third mode.
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The mode shapes described in Table 3 are prone to torsion because the centre of rigidity is
shifted towards the sheathed walls. The shapes for the second stage are presented in Figure 12.
Table 3. Dynamic properties obtained by FE modelling.
Stage
T1(s)
Shape
T2(s)
Shape
T3(s)
1
0.44
Transversal
0.39
Torsional
0.35
2
0.19
Longitudinal
0.18
Transversal
0.13
3*
0.33
Longitudinal
0.31
Transversal
0.23
* Note: Only the masses were changed from case 2, stiffness was not affected.

Shape
Longitudinal
Torsional
Torsional

During the in situ measurements the working activities at the building site have been stopped,
only the ambient vibrations being transmitted to the structure. For each of the three stages of
construction, 10 different measurement schemes with 10 velocity sensors were used and for
each scheme, two vibration recordings of 2 minutes duration were done with a sampling
frequency of 100 Hz. Because of measuring only the response to ambient vibrations (as
excitation of the structure) not even the friction forces in the connections have been exceeded.
Based on the analysis of recorded vibrations, the building's modal frequencies (periods) have
been estimated using two identification techniques: (i) analysis of the Fourier spectra and (ii)
spectral and correlation analysis. For the estimation of the modal frequencies and corresponding
damping ratios, the Eigen-system Realization Algorithm (ERA) has been used, which also
validated the modal periods obtained by the above mentioned techniques.
The first set of measurements has been done in August 2004. The stage of the construction
was that the skeleton of the building was almost entirely completed, as shown in Figure 13. The
corrugated sheet of the slab was in its final position and fastened above by the OSB panels.
However, the roof of the structure was not finished (see Figure 13b), not even the purlins for the
roof being in place. Practically, a flexible diaphragm was provided at the level of the first slab
but not at the level of the roof.

(b)
(a)

Figure 13. Construction Stage 1 and sensor location on the skeleton of the structure.

The second set of measurements was done in October 2004 and consisted of the same 10
schemes with 10 sensors. At that time the building skeleton was finished and most of the
structural OSB panels were fixed (see Figure 14). Some OSB panels were still missing in the
attic area. The structural part of the roof has also been finished with the outer corrugated sheath
being in place. No work on the finishing (i.e. external thermal insulations, inner or outer wall
finishes, slab finishing) has been undertaken at this stage.
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(a)

(b)

Figure 14. Construction Stage 2 and sensor locations.

The third set of measurements was performed in April 2005, after the completion of the
building, before the moving in of the occupants. Therefore, all finishing has been completed but
furniture has not been installed. This can be considered the final stage of construction without
live load.
Based on this measurements, the period of vibration Ti, the damping ratio, ξi and mode shape
of the structure have been determined. The results are presented in Table 4.
Table 4. Modal parameters based on the analysis of ambient vibrations (in different stages S).
Stage
Mode 1
Mode 2
Mode 3
T1(s) ξ1(%)
Shape
T2(s) ξ2(%)
Shape
T3(s) ξ3(%)
Shape
1
0.546 1.18 Longitudinal 0.437 1.05
Transversal 0.456 1.30 Torsional
2
0.103 3.43
Transversal 0.096 3.72 Longitudinal
3
0.101 4.11
Transversal 0.096 3.80 Longitudinal 0.072 4.12 Torsional

The measured results are better that those obtained by calculation, which means that the
design procedure is safe enough. It has to be emphasised that the mounting of the stiffening
OSB panels not only increased the rigidity of the structure considerably, but the direction of the
weakest response has been also changed. In the first stage of construction, the first mode shape
was longitudinal (see Table 4) with the period T1,St1 = 0.54s, while in the second stage it has
become T1,St2 = 0.10s. It is interesting to observe that at this construction stage, the damping
ratio has also increased considerably. At the finished stage, no important change of the vibration
properties can be observed. This means that the supplementary mass introduced with the
finishing is counterbalanced by the stiffness increase generated by these finishing elements.
When live load is added (i.e. furniture etc.) the period of vibration will slightly increase. Most
probably T1 = 0.15 - 0.2s will be reached in use. Another conclusion is that the damping ratio
ξ=0.05 is reasonable estimate (even if slightly un-conservative) for light-gauge steel houses.
3.2 Masonry structure
The masonry structure has been designed following the above-described architectural plans,
considering the same location of the building and the same imposed and climatic loadings. Both
buildings (TWCF and masonry) were designed in such a way to achieve similar indoor
environment.
For the design of the structure the following input data was considered:
- number of storeys: 2;
- structural system: confined masonry structural walls, made of hollow bricks;
- reinforced concrete slab acting as a rigid diaphragm;
- importance class (according to P100/2006): class III, normal importance (γ1 = 1.0);
- behaviour factor: q = 2.00;
- characteristics of the seismic action for Ploiesti: ag = 0,28g ; Tc = 1,0 sec.
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According to the design by the Romanian codes CR6-2006 and P100/2006, but also from
constructive considerations, the following structural elements resulted:
- concrete stanchions having cross-section of 25×25 cm, reinforced with four bars
having the diameter of 12 mm and stirrups of 6 mm diameter at 15 cm. They were
disposed according to the following rules: (i) free edges of each structural wall
element; (ii) each intersection of walls; (iii) within the walls at a maximum distance
of 5 m; (iv) at both sides of any wall opening with an area of more than 1.5 m2;
- horizontal confining elements placed in the plane of the wall at every floor level
(elevations of 3.00 and 6.00m), realized as concrete beams having cross-section of
25×25 cm, reinforced with four bars having the diameter of 12 mm and stirrups of 8
mm diameter at 15 cm;
- floors: designed as reinforced concrete slabs having the maximum span of 3.1 m
reinforced with steel wire meshes;
- for all the concrete elements, the class used was C16/20;
- bricks: mark 100 laid with M5 mortar.
4 EVALUATION OF ENVIRONMENTAL IMPACT
4.1 Scope and definition
The scope of the study was the integration of environmental impact into design of buildings, by
means of a case-study. The example compares the environmental impact for a single-family
house, designed in two different situations: the existing thin-walled cold-formed house and the
same house designed in masonry solution – the so-called traditional house. The impact analyses
were performed at different levels: (i) construction, (ii) construction and end-of-life, (iii) life
cycle including maintenance and, (iv) the life cycle including maintenance and consumable
goods.
The comparative life-cycle analysis was performed using the SimaPro software (SimaPro 7,
2008), a general and comprehensive tool, widely used in environmental design and LCA, which
uses the Ecoinvent database (Ecoinvent Centre, 2000). In the analyses were included the
material production, construction, end-of life for these materials as well as a maintenance
scenario for a life-time period of the house of 50 years.
For LCA calculation of the buildings, the input materials have been considered according to
the constructive elements: (1) exterior walls; (2) interior walls; (3) flooring system; (4) roof
system; (5) foundation-infrastructure. Figure 15 presents the layers used for the distinct
components of the house: exterior walls, interior walls, first floor, roof and foundations
(including the concrete ground floor).
Table 5 presents the resulted quantities of materials for the construction stage, per square
meter. The stratification of different constructive elements could be also followed in the same
table.
It should be underlined the fact that the above values contain generic weights as the materials
are gathered all-together. As an example in case of external walls of the traditional house the
concrete resulted form the stanchions, although they are present only at each 2.5m and at
corners.
Table 6 gives the total surfaces for the constructive elements, computed by excluding all the
openings (doors, windows, technological or staircase opening etc.).
4.2 Boundary conditions
In order to set the input elements (inventory analysis), both for simplifying the model and
analysis time-saving, the inventory analysis has been done according to system boundary
conditions. According to this, several aspects were considered:
- all identical components and materials which are identical as dimensions and
weights for both design situations were left out of comparison. They practically
bring the same input and output in analysis (for example wall painting or the floor
finishing). Including here are the doors/windows and electrical or heating systems;
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-

-

the transportation was not taken into account, although the values (especially the
weights) are much smaller in case of steel cold-formed house. However, these may
be introduced at any time in comparison if site is set and materials providers are
known;
the domestic use (water/gas/electricity use) of the two buildings is considered to be
similar, as the buildings were designed in such a way to achieve similar indoor
environment;
the energy used for construction purposes (such as cranes and other technological
machinery) were not integrated in comparison.

It is to be noticed that due to the lack of information for the Romanian processes and
materials, the mean European values were used for the inventory instead.
TWCF house

Traditional (masonry) house
Exterior walls

15

8
7
6
5
4
3
2
1

1. Gypsum plaster board
12.5cm
2. Vapour barrier (foil) 2mm
3. Internal oriented strand
board (OSB) 12mm
4. TWCF profile / Mineral
wool 100mm
5. External oriented strand
board (OSB) 12mm
6.
Thermoinsulation
(polystyrene extruded) 20mm
7. Polyester wire lattice (glass
fibre)
8.
Exterior
plastering
(Silicone Baumit) 1.5cm

10

15

25

6
5
4
3
2

1. Interior plastering
(cement mortar) 1.5cm
2. Masonry (bricks)
25cm
3. Adhesive
4. Thermo-insulation
(polystyrene extruded)
100mm
5. Polyester wire lattice
(glass fibre)
6. Exterior plastering
(Silicone
Baumit)
1.5cm

1

Interior walls
1. Internal and external
gypsum plaster board, 12.5cm
2. External and internal
oriented strand board, 12mm
3. Vapour barrier (foil), 2mm
4. TWCF profile / Mineral
wool, 50mm

4

15

25

1. Interior plastering
(cement mortar) 1.5cm
2. Masonry (bricks) 25cm
3. Interior plastering
(cement mortar) 1.5cm

15

3

3
2

2

1

1

Figure 15. Layers used for structural components.
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Floors

1

2

3

4

5

6

1. Interior gypsum plaster board 12.5cm
2. Thermoinsulation, mineral wool 50mm
3. TWCF profile
4. Oriented strand board (OSB) 15mm
5. Phonoinsulation foil 3mm
6. Oriented strand board (OSB) 12mm
7. Finishing

7

2

1

TWCF house

3

0,8

13

3

1. Interior plastering (cement mortar) 0.8cm
2. Concrete slab (concrete) 13cm
3. Concrete flooring (cement mortar) 3cm
4. Finishing
4

Traditional (masonry) house
Roofs

5

3

6

7

8

4

1
2

2
4

1

1. Inferior gypsum plaster board 12.5cm
2. Vapour barrier (foil) 2mm, anticondense barrier 2mm
3. Mineral wool 180mm
4. TWCF profile
5. Aluminium antireflex foil 3mm
6. Oriented strand board (OSB) 15mm
7. Timber framing (sawn timber)
8. Steel tiled sheet (coated steel)

3

5

6

7

1. Inferior gypsum plaster board 12.5cm
2. Vapour barrier (foil) 2mm, anticondens barrier 2mm
3. Mineral wool 180mm
4. Timber rafter
5. 6. Timber framing (sawn timber)
7. Ceramic tiles

Foundations and ground floors
±0.00
7
5

1. Foundation soil
2. Compacted soil 40cm
3. Ballast 10cm
2. Thermo-insulation (polystyrene extruded) 5cm
5. Vapour barrier (foil) 2mm
6. Concrete slab 10cm
7. Concrete flooring (cement mortar) 3cm
8. Finishing

8
6
4
3

2

1

Figure 15 (continued). Layers used for structural components.
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Table 5. Calculated quantities of materials for construction stage.
Constructive
Constitutive materials
Use for
Constitutive materials
element
traditional
house
Exterior walls
Interior plastering
1.5cm (21kg) Gypsum plaster board
(cement mortar)
Masonry (bricks)
25cm
Vapour barrier (foil)
(207.5kg)
Cement mortar
69.19kg
Mineral wool 100mm
Thermoinsulation
100mm
Internal oriented strand
(polystyrene extruded)
(3.5kg)
board (OSB)
Polyester wire lattice
1m2 (0.16kg) External oriented strand
(glass fibre)
board (OSB)
Exterior plastering
1.5cm
Thermoinsulation
(Silicone Baumit)
(4.2kg)
(polystyrene extruded)
66.54kg
Polyester wire lattice
Concrete (stanchions,
lintels)
(glass fibre)
Reinforcing
8.14kg
Exterior plastering
(Silicone Baumit)
Steel cold-formed profile
Interior walls
Masonry (bricks)
25cm
Internal and external
(207.5kg)
gypsum plaster board
Interior plastering
1.5cmx2
Vapour barrier (foil)
(cement mortar)
(42kg)
Cement mortar
69.19kg
Mineral wool
Concrete (stanchions,
66.54kg
External and internal
lintels)
oriented strand board
Reinforcing
8.14kg
Steel cold-formed profile
Floor
Concrete flooring
3cm (66kg)
Oriented strand board
(cement mortar)
(OSB)
Concrete slab
1m2 (312kg)
Phonoinsulation foil
(concrete)
3mm
Reinforcement
16.8kg
Thermoinsulation
(steel)
Mineral wool
Interior plastering
0.8cm
Inferior gypsum plaster
(cement mortar)
(11.2kg)
board
Oriented strand board
(OSB)
Steel cold-formed profile
Roof system

Timber framing
(sawn timber)
Ceramic tiles
Mineral wool
Vapour barrier (foil)
Anticondens barrier
Inferior gypsum plaster
board

Foundation /
Infrastructure

Ballast – compacted
Concrete
Reinforcement
Thermoinsulation
(polystyrene extruded)

32.7kg
43kg
180mm
(8.1kg)
2mm (0.1kg)
2mm
(0.135kg)
12.5cm
(9.15kg)

10cm
(540kg)
1752kg
19.12kg
50mm
(1.75kg)
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Steel tiled sheet (coated
steel)
Steel cold-formed profile
Timber framing
(sawn timber)
Anticondens barrier
Oriented strand board
(OSB)
Mineral wool
Aluminium antireflex
foil
Vapour barrier (foil)
Inferior gypsum plaster
board
Ballast – compacted
Concrete
Reinforcement
Thermoinsulation
(polystyrene extruded)

Use for TWCF
house
12.5cm (9.15kg)
2mm (0.1kg)

4.5kg
12mm (7.7kg)
12mm (7.7kg)
20mm (0.7kg)
1m2 (0.16kg)
1.5cm (4.2kg)
16.32kg
12.5cm x 2
(18.3kg)
2mmx2
(0.20kg)
50mm (2.25kg)
12mm x2
(15.36kg)
18.33 kg
12mm (7.68kg)
0.1kg
50mm (2.25kg)
12.5cm (9.15kg)
15mm (9.6kg)
13.61kg
5kg
19.09kg
5.16kg
2mm (0.135kg)
15mm (9.6kg)
180mm (8.1kg)
3mm (0.1kg)
2mm (0.1kg)
12.5cm (9.15kg)
10cm (320kg)
1078kg
13kg
50mm (1.75kg)
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Table 6. Computed surfaces for different constructive elements (sqm).
Constructive element
Traditional house Metallic house
Exterior walls
216.25
215.1
Interior walls
134.27
126.11
Floors
86.13
80.6
Roof system
100.11
92.54
Foundation
95.36
91.28

4.3 Environmental Impact for the Construction Stage
In order to have an easier input of construction materials in LCA tool used (SimaPro 7), there
have been computed average values for the weight of materials. These have been estimated for
each type of constructive element as follows: the total weight of materials (resulted from the
material lists) was divided to the total area of constructive element (in sqm). In this way, the
final result represents an aggregate average per square meter of constructive element. This
represents in fact the inventory used for SimaPro.
Figure 16 and Figure 17 present the contribution flow of processes for the construction stage
to the environmental impact in the form of process trees for TWCF and masonry structural
systems respectively.
Figures 18-20 present the environmental impact by considering the above input data for
construction phase but disregarding the common materials and processes according to the
boundaries described in the previous paragraph. All the results are given in “Eco-indicator
points” (Pt) (Eco-indicator’99, 2000), which express the total environmental load of a product
or process, based on data from a life-cycle assessment, in order to have unitary and comparable
outcomes. The method used for impact analysis is Eco-indicator‘99.
Figure 18 presents the impact for the traditional house for the construction process ranked per
constructive elements. The major impact corresponds to exterior walls and foundations. Both
constructive elements are high consumers of resources but also have a great impact of human
health (each with more than 900 points). However, not the same observations could be said
about roofing system, for which the major environmental impact is on eco-system quality,
mainly due to high quantity of wood.
Analysing the TWCF house in the same manner (see Figure 19), the results ranked per
constructive elements show that also the same constructive elements (external walls and the
foundations) have the lead on the environmental impact.
In a direct comparative impact analysis, for traditional house, higher impact values for most
of the impact indicators (categories) result, as could be seen in Figure 20. One could realise that
for both structures the major impact is for fossil fuels, as these resources are used for the
fabrication of building materials at all levels. Also, important values of impact are recorded for
inorganic respiratory emissions, climate change substances and land use. Although in the case
of carcinogens and ecotoxicity, the impacts have comparable values, large differences could be
noticed in case of land use (2.5 times larger the environmental impact of steel house), fossil
fuels, respiratory inorganic substances and climate change (at least 2 times greater for traditional
house).
The results presented in Figure 20, on impact (or damage) categories, are aggregated into a
single score (inner figure), leading to an overall score of 1626 points for the metallic house, less
than half of the global score of the traditional house (3409 points).
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Figure 16. Process tree for construction stage of the traditional house.
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Figure 17. Process tree for construction stage of the metallic house.
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Figure 18. Environmental impact per constructive element for traditional house – construction phase.
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Figure 19. Environmental impact per constructive element for metallic house – construction phase.
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home - metallic
home - traditional

1.40
1.20
1.0
0.80
0.60
0.40
0.20
0.0

Figure 20. Comparison on environmental impact for metallic and traditional house (weighting).

4.4 Environmental Impact Considering the Construction Stage and End-of-Life (Recycle,
Reuse and Disposal)
It is certain that the building process is not complete without an end-of-life for the materials if
considering the life-cycle approach. Normally, the final destination of waste building materials
represents a problem in every country, but may differ even within a country, from zone to zone.
There are materials that could be reused in the form they are for the same purpose (ballast for
example), others that could be reused for other less important purposes (low-cycling - e.g.
crushed concrete as street bed-layer), and others that need waste treatment (incineration) or used
simply as land-fill.
For the purpose of our study, the end-of-life of integrated materials was thought according to
present conditions in Romania for recycling, reuse and disposal. The end-of life scenarios for
the main building materials considered in the analysis were based on inquiry of site engineers
about the present conditions in Romania, which are summarised in Table 7.
Table 7. End-of life for building materials.
Building material
Reuse [%]
Steel – steel profiles, steel tiled sheets
--Steel – reinforcement
--Bricks, ceramic tiles
--Wood
35
OSB
50
Gypsum plaster boards
30
Ballast
70
Concrete, mortar
--Other inert materials
--Other combustible materials
---

Recycling [%]
100
80
-----------------

Burn [%]
------65
50
--------100

Landfill [%]
--20
100
----70
30
100
100
---

In these conditions, ranked in a single score (see Figure 21) it results that in the life-cycle
comparison for the construction and disposal scenarios, the gap between the two situations is
greater than in the case of construction process only (comparison of Figure 18 and Figure 19).
As could be noticed, for both structural systems, the end-of-life scenario brings a negative
impact (global scores being now 1779 points for TWCF and 3986 points for masonry one
respectively) although some benefits are obtained by the reuse of certain materials (wood,
ballast, OSB and gypsum plaster boards).
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Figure 21. Comparison on environmental impact for metallic and traditional house (global score) construction phase and end-of life.

4.5 Integration of the Maintenance of Buildings
Regardless the chosen constructive system, a building needs maintenance works during its lifecycle. These works could be of different types and, function of this type, could be more or less
expensive and they represent a very important part of the building life-cycle.
The integration of maintenance works for a structure is difficult to make, because the
predictions that could be made in advance may not correspond to reality. However, in order to
complete the life-cycle of buildings under consideration, the following prediction (pre-planned
maintenance) was made for a house, thought for a standard life-time of 50 years:
i) In case of the traditional house:
- nine internal decorations (once at 5 years);
- three external decorations (once at 12.5 years);
- three changes for bathroom/kitchen sanitary: sandstone, sanitary furniture, internal
plaster-board etc. (once at 12.5 years);
- one change of the electric and heating system (once at 25 years);
- one change of the roofing system (wood and cover) (once at 25 years);
- one change of the exterior thermo-system (once at 25 years).
ii) In case of the metallic house:
- nine internal decorations (once at 5 years);
- three external decorations (once at 12.5 years);
- three changes for bathroom/kitchen sanitary: sandstone, sanitary furniture and adjacent
internal plaster-board (once at 12.5 years);
- one change of the electric and heating system (once at 25 years);
- one change of the steel tiled sheeting (once at 25 years);
- one change of the thermo-system for interior walls, including OSB and plaster-board
panels, on one face of the wall (once at 25 years);
- one change of the thermo-system and external OSB panels for external walls (once at 25
years).
Important to notice is the fact that, in case of steel structure, only the steel skeleton and some
OSB and plaster-board panels remain unchanged, while all other elements are changed once in
50 years. Of course this is the worst scenario and, different scenarios can be proposed too. For
traditional house, the maintenance reduces here at the level of plastering for walls, thermosystem and part of the roof-wood supporting. For both cases, no maintenance was considered
for infrastructure.
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0.40

kPt

In addition, for the life-cycle assessment, the same conditions for disposal at the end-of-life
have been considered in accordance to the previous explanations (see Table 7).
Figure 22 presents the impact deduced only for maintenance process. As the quantities
introduced for analyses are smaller than that from the building process, the global scores are
also smaller. In terms of impact categories, the same indicators (fossil fuels, respiratory
inorganic substances and land use) integrate more than 85% of the global scores. In case of
maintenance for steel house, the eco-toxicity is also a mentionable category to global score.
Mtn. only - metallic
Mtn. only - traditional

0.350
0.30
0.250
0.20
0.150
0.10
0.050
0.0

Figure 22. Comparison on environmental impact for metallic and classic house - maintenance only.

All the values resulted only from maintenance and cumulated in a single score (see Figure 23)
will conduct to about 670 eco-points in the case of TWCF house and respectively 615 ecopoints for the traditional house. This is somehow in contradiction with the values derived for the
construction process, where the ratio is reversed in the favour of the TWCF house. The
explanation for this derives from the facts that for the steel house one side of walls, floor and
roof layers are replaced while in the case of traditional house, all the brick, concrete, wall
plastering and main wood frame remain in the original form.
Figure 24 and Figure 25 present the above – described stages from the life-cycle of buildings
as a direct sum of:
- the construction stage;
- the disposal at the end-of-life for different materials;
- the maintenance of the building for a life-time period of 50 years.
As a general trend, the following impact categories are most affected (see Figure 24):
(i) fossil fuels, respiratory inorganic substances and climate change: mainly due to the
manufacturing processes which require large quantities of energy and further on affect directly
the fossil fuel reserves. These processes contribute in high extent to the emissions of inorganic
substances and climate change gasses;
(ii) land use: due to damages to land use (wood exploitation, ballast pits etc.).
As a general rule, the differences obtained in the life-cycle analysis including maintenance
follow the trend observed in case of building process itself, namely almost all the environmental
impact categories are greater for the traditional home.
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Figure 23. Comparison on environmental impact for metallic and classic house – maintenance only
(global score).
Mtn. and home - traditional
Mtn.and home - metallic
2.0

1.50

1.0

0.50
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Figure 24. Life-cycle comparison on environmental impact for metallic and traditional house (weighting)
for construction, including maintenance and end-of-life.

In a single score analysis (see Figure 25), and taking into account the boundary conditions as
explained before, the metallic house (2450 eco-points) presents an important advantage in front
of traditional one (4600 eco-points). Of course, many parameters (such as national or regional
peculiarities, climatic zones or distance from the material distributors) may affect these results.
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Figure 25. Life-cycle comparison on environmental impact for metallic and traditional house (weighting)
for construction, including maintenance and end-of-life.

5 LIFE-CYCLE INCLUDING CONSUMABLE GOODS
5.1 General considerations
In order to complete the life-cycle assessment of the house, the consumable goods (electricity,
water etc.) should be estimated. In our case, the estimation for these goods was made for a
standard life-time period of 50 years.
The energy considered in this study is used for heating, cooling processes, domestic use of
electrical devices, lightning and so on. The values taken into consideration in our comparison
are based on mean computation for power consumption per capita or per surface, while in the
case of heating/cooling there have been considered the particular characteristics of each
structural system.
Taking into account that both systems were designed in order to accomplish the same interior
thermal and comfort conditions and are conceived for same use in electric power and water,
they lead practically to the same need of consumable goods.
Three main components were considered as consumable goods, as follow:
water, used for domestic purposes, as cold and hot. The hot water is prepared at
home;
electricity, used for lighting, electrical devices, cooling system;
natural gas, employed in heating the house during cold months and for hot water
preparation.
5.2 Calculation of consumable goods
5.2.1 Estimation of the annual natural gas requirement
As already mentioned, the natural gas was considered the source used for heating and hot water
preparation. For this purpose, first of all, it is necessary an estimation of the quantity of heat
required during one year. This was performed according to the Romanian standards SR 19071:1997 and SR 1907-2:1997, as function of the interior and exterior temperatures and
construction elements.
Practically, for each distinct component delimiting the house rooms (walls – including
windows and doors, ceiling and floors), there have been computed the resistance to thermal
transfer. Then, as function of outside temperature (monthly mean) and the required inside
temperature, the required heat quantity was computed.
The resistance to thermal transfer was computed by the following equation:
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Q = QT [1 + ( A0 + Ac ) / 100] + Qi

(6)

where:
QT
represents the thermal flux through the delimiting elements (walls, windows and doors in
steady regime);
Qi
is the required heat for warming the air flow, cooled due to doors and windows opening,
from exterior to interior temperature;
Ao
North-South orientation addition;
Ac
addition for cold-surfaces compensation.
The thermal flux through the delimiting elements was computed by:

QT = A ⋅ (m / R ) ⋅ ∆t ⋅ CM + Q p

(7)

in which:
A
represents the area of the delimiting element;
R
is the element resistance to thermal transfer;
CM is a coefficient given function of the relative mass of the building, taken as 0.94;
m
the thermal massivity of material (computed in function of the thermal inertial index);
∆t
represents the interior-exterior thermal difference;
Qp
is the heat transmitted through the floor.
For our study, the thermal resistance was computed for each type of delimiting component.
Table 8 gives, as an example, the way of calculation of the thermal resistance for the external
wall of the traditional house. From the wall materials, there have been considered those having
an important conductivity (mortar, polystyrene and masonry bricks). The stratification of this
wall has been presented previously (see Figure 15).
Table 8. Computation of thermal resistance (example for an exterior wall).
Exterior wall (25 cm)
Name
Thermal
Thermal Element
Thermal
Total thermal
conductivity assimilation width
resistance
resistance

Cement mortar
Hollow brick
Polystyrene

l (W/mk)

s (W/m2k)

0.9330
0.330
0.044

10.08
7.64
0.30

RO (m2k/W) R=RI+RE+ RO
(m2k/W)
0.03
0.0323
3.0626
0.25
0.7576
0.0420
0.10
2.2727
0.1250
3.0626
3.2296
R = 3.2296

d (m)

Thermal
inertial
index
D
0.3252
5.7879
0.6818
6.7949

Thermal
massivity
m

1.00

Table 9 summarises the thermal resistances of all elements/components, computed as above,
function of the system stratification. The thermal insulation resistance of main thermo-resistant
elements (external walls and roofing system) shows similar values, fact that allows the
assumption of using the same amount of heat for both systems (assumption proved by actual
calculation).
Table 9. Comparison of thermal resistances per elements for traditional vs. metallic house.
No. Element name
Thermal resistance for
Thermal resistance for
traditional house (m2k/W)
metallic house (m2k/W)
1
Exterior wall
3.2296
3.1187
2
Interior wall
0.9461
1.4185
3
Floor on ground
2.7724
2.7724
4
Floor over 1st storey
0.6462
1.6911
5
Floor over 2nd storey
4.5464
4.5464

The heat requirement has been computed taking into account three assumptions: (i) in the
houses are living 3 persons; (ii) the external mean temperatures were considered for the city of
Ploiesti, location in which the structure was build and (iii) the interior ambient temperature was
º
considered 20 C. On these presumptions, it results a daily requirement for heating. Table 10
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presents, as an example, the heating requirement for one day in January, for the first floor. The
total heat requirements, for both houses, are given in Table 11, in watts.

Table 11. Heat requirement (watts) for one year.
Month
No.
Traditional house
days.
Heat req./ day
Heat req./ month
3,996.501
2,973,396.74
January
31
3,434.891
2,390,683.99
February
29
2,659.99
1,979,032.77
March
31
1,636.914
1,178,577.92
April
30
1,636.914
1,217,863.86
October
31
3,229.963
1,915,193.00
November
30
3,585.165
2,667,362.80
December
31
TOTAL (Qinc)
14,322,111.08

1.034
1.034
1.034
1.034
1.000
1.069
1.133

Q"

[m2]
[m2k/W]
16.9
3.2296
26.3
3.2296
16
3.2296
19.3
3.2296
32.3
0.667
90.5
2.7724
90.5
0.6462

m

R"

[m2]
13
3.51
9.54
6.26
0
0
0

In calculus

To subtract

Surface

Height

[m] [m]
[m2]
11.05
2.7 29.84
11.05
2.7 29.835
9.45
2.7 25.52
9.45
2.7 25.52
32.27
90.46
90.46

∆t

FP1
1
FP2
2
LE3
3
LV4
4
G+U
F
PP
TOTAL

Width

Orientation

Wall, floor
name

Table 10. Heat requirement for first floor in January example of computation.

[°C]
22
22
22
22
22
16
0

[W]
164.26
182.47
110.47
133.19
1,044.86
557.94
2,145.21

Metallic House
Heat req./ day
Heat req./ month
4,070.78
3,028,658.71
3,502.78
2,437,933.13
2,710.63
2,016,708.07
1,670.66
1,202,878.70
1,670.66
1,242,974.66
2,710.63
1,951,652.97
3,644.35
2,711,392.96
TOTAL (Qinc)
14,592,199.21

The required energy for heating water was computed in accordance to the following formula:
Qac = m ⋅ c p ⋅ ρ ⋅ (tac − tar ) [kJ]
where:
m
cp
ρ
ta.c.-ta.r.

(8)

is the water flow rate in kg/hour;
the thermal capacity of water;
the water density (1000 kg/m3);
the hot (45ºC in mean) and cold (10ºC in mean) water temperature.

The required volume of hot water per day was fixed at 110 l for each inhabitant, leading to a
total amount of 330 l/house/day.
Resulted total heat requirement for a house is then given by:
(9)

Qtot = Qac + Qinc
where:
Qinc
is the required energy for heating.

The total heat requirement Qinc computed for the traditional house is 14322 kilowatt and for
the metallic house is 14592 kilowatt; the difference being less than 2%, further on, they would
be considered as being the same value (14322 kilowatt).
The gas requirement is then computed by:

M = Qtot / q gas

(10)
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where, qgas is the thermal power of gas taken as 8.5 mc/kW.
It results the following values (see Table 12) for the total requirements of energy and its
translation in gas volume burnt in domestic gas heating power station (computed by Eq. 5).
Table 12. Annual heat requirement and gas equivalent.
Qinc [kilowatt]
14322
Qac [kilowatt]
4902
Qtot [kilowatt]
19224
M [m3]
2262

5.2.2 Estimation of the annual domestic electrical power
In order to compute the annual domestic power consumed by the inhabitants, it was considered
the following configuration of the electric board (see Table 13):
Table 13. Electric board scenario.
Circuit
No.
No.

Consumer
denomination

Pi
[kW]

Pf
[kW]

1 TD1.1
2 TD1.2
3 TD1.3
4 TD1.4
5 TD1.5
6 TD1.6
TOTAL

1st floor lightning
2nd floor lightning
Sockets – 1st floor
Sockets – 2nd floor
AC Split
Washing machine

1.00
1.00
2.50
2.50
3.00
1.50
8.50

1.00
1.00
2.50
2.50
3.00
1.50
11.50

Ku

cos.
Φ

tg.
Φ

0.60
0.60
0.60
0.60
0.60
0.60

0.80
0.80
0.80
0.80
0.80
0.80

0.75
0.75
0.75
0.75
0.75
0.75

Active
Pa
[kW]
0.6
0.6
1.5
1.5
1.8
0.9
6.9

CHARGE
Reactive
Qnec
[kVar]
0.19
0.19
0.49
0.49
0.58
0.29
2.2

Apparent
S
[kVA]
0.8
0.8
1.9
1.9
2.3
1.1
8.6

Taking into account the temperature fluctuation during the summer months, it was considered
a monthly consumption of 200 kWh for summer months respectively 120 kWh for cold months.
The difference is due to the use of Air Conditioning Split.
Consequently, the annual electrical power consumption is:
W = 6 × 120 + 6 × 200 = 1920kWh

(11)

resulting for the entire life of house of 50 years, a value of 96000 kWh.
5.2.3 Estimation of the annual water used
Considering the house inhabited in mean by 3 persons, the cold and hot water requirement was
considered as 20 m3 per month (the warming of the hot water was integrated into the annual gas
estimation). These values resulted also by considering the national values. The annual water
consumption results as:

C = 12 × 20 = 240m3 per year (12000 m3 for the entire life of the house)

(12)

5.3 Life-cycle analysis including energy scenario
According to the calculation presented in the previous paragraph, the following quantities of
consumable goods – computed for a lifetime period of 50 years – have to be introduced
supplementary in the LCA analyses (see Table 14). No disposal scenario was considered for the
consumables.
Table 14. Consumable goods used for LCA.
Consumable
Quantity
Water [m3]
12000
Gas [m3]
113100
Electricity [kWh]
96000

Figure 26 presents the impact on environment for these consumable goods. In terms of
impact categories, the highest impact is taken by fossil fuels, fact that is normal in regard to the
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16.0

kPt

elements considered (gas, electricity and water). The other impact categories are negligible in
regard to fossil fuels category. It has to be noted that in the energy scenario was not included
any solution of using renewable energy, as these could diminish the fossil fuel requirement.
Tap water

14.0

Natural gas

12.0

Electricity

10.0
8.0
6.0
4.0
2.0
0.0

Figure 26. Environmental impact (weighting) – consumable goods only.

Observing the share of impact categories for different consumables considered: gas,
electricity and water, it could be drawn very easily the conclusion that the gas affects largely the
fossil fuel category.
Comparing now the environmental impacts produced by consumable goods relative to the
building process including maintenance (see Figure 27), it could be easily observed that, by far,
the consumable goods take the highest impact (more than 7.5 times in case of metallic house
and 4 times more in case of traditional house). These results are both considered for the entire
life-time period of a house (50 years). It can be seen that the difference arises due to the use of
fossil fuels affecting the resources category and not due to human health damage substances or
eco-system quality. As a main comment, it should be said that since the energy consumption for
heating take the lead in the consumable goods impact and depends on the thermal resistance of
envelope elements, these ratios could be diminished by better insulation.
18.0

kPt

20.0
Human Health

Ecosystem Quality
16.0

Resources

14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0
Mtn. and home - traditional

Mtn.and home - metallic
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Figure 27. Single score comparison of environmental impact for building process and consumable goods.
Human Health

kPt

25.0

Ecosystem Quality
Resources

20.0

15.0

10.0

5.0

0.0
LCA - metallic

LCA - traditional

Figure 28. LCA comparison of environmental impact (single score) for metallic and traditional houses for
building process and consumables.

In a direct conclusive comparison, by considering the building process and consumable
goods, according to the analysis performed in the conditions described herein, the total global
impact score for a life-time period of 50 years is by 10% smaller in case of the metallic structure
(see Figure 28).
In conclusion it could be stated that a metallic house could represent a good alternative to the
usual traditional Romanian house in terms of environmental impact.
6 CONCLUSIONS
A modern design of buildings should integrate aspects related to their sustainability in addition
to the economic, safety and functionality requirements. The study presents the practical aspects
related to the environmental impact analysis of an existing dwelling made with light-steel
structural elements. In order to have a base of comparison of the investigated solution, a
comparison with a traditional solution was done, for this purpose a similar masonry house being
designed.
Within the purpose of the study, a series of boundary conditions have been set. In order to
have a good overview of the LCIA analyses, the results are presented in different stages:
by considering the constructions process only;
construction process integrating the end-of-life scenario;
construction process, end-of-life and maintenance.
The conclusions of the study can be summarised below:
in all the stages the global and individual main category scoring of steel structure is
significantly smaller than that of traditional house;
a proven advantage of steel housing is represented by steel recyclability which
brings positive impact at the end-of-life stage. This is in contrast to the modern
(hollow) bricks that cannot be recovered once that they are plastered;
the maintenance process is however more disadvantageous for steel dwelling, the
change of thermal system includes also the change of all the wall layers. This is
directly reflected in the environmental impact;
the results presented show very clear that the major impact on environment is not
due to the building itself (including maintenance), but to the energy consumption
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during its use. Furthermore, impact category that takes the major impact is
represented by the use of the fossil fuels;
as a main conclusion of the study, it could be stated that steel dwellings with coldformed structural elements represents a good alternative to masonry houses, not only
with respect to structural requirements but also in considering the environmental
impact assessment.
Nevertheless, the above conclusions are drawn on the limits of the study described. Several
other parameters (such as transportation or the operational energy) may change the result ratios
in the comparison.
The constructive system used for TWCF steel house, has been proved to be an efficient
alternative not only for the building process, but also for the consumable goods used during the
life-time.
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ABSTRACT: This paper gives an overview on the case study approach “Virtual Office” and its
results. The first part of the paper gives a description of the main goals and the general approach of the case study. The theoretical background of the basic ideas and the used approach
is presented. These first parts were previously published in the 2009 COST C25 publication. This
paper gives the new results and discusses the outcome of the study. The relative influence of
the service lives of different building components compared to the energy use of the buildings
with different energy efficiency is calculated. The results show that CO2- neutral office buildings might be difficult but not impossible.

1 CASE STUDY
1.1 Introduction
Many studies on sustainability in general and of that of building and construction in particular
have focussed thus far on analysing environmental impacts, and where possible quantifying
these impacts. LCA (Life cycle assessment)-methods can come up with aggregated impacts, for
example expressed in equivalent impacts on global warming potential (kg Co2-eq) or for example terrestrial eco-toxicity (kg 1,4 dichlorobenzene). The methods try to calculate these potential impacts as precise as possible. Processes associated with kg materials have been analysed,
and for example with the use of Tools like Sima-Pro have produced these impact equivalents.
To improve on the sustainability in building construction however it will be very important to
compare alternative design solutions. These alternative design solutions will, most likely, have
different service lives.
A building is a complicated system with many sub-systems and built up out many different
materials. Alternative designs may have different material configurations that each may have
different service lives. For reasons of comparison, and assessing the influence of different service lives of building elements, it would be good to calculate an impact per year of use. However, it is most likely to be very inaccurate to simply assume a service life of, let’s say, 50
years, or perhaps 75 or 100 years. Also it becomes difficult to compare building designs with
relatively short service lives, with designs that may have longer service lives. It becomes even
more complicated when we take into account that the building will be a combination of many
different service lives. Because we cannot predict the future we can perhaps assume average
expected service lives of subsystems with a certain distribution. The aim of the case study “Virtual Office” was to assess the influence of these assumed service lives and their distribution,
combined with their specific environmental impact on the environmental impact of building as
a whole. For this reason the virtual building will be divided in elementary sub-systems (“building layers”) for which basic alternatives, with different service lives can be used. The main focus is to study the influence of the materials impact due to the construction and demolition of
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the building and the intermediate replacements of building elements, (rather than studying the
influence of the energy use).
1.2 Main goals
The main goals of the case study are:
- Investigating the influences of different service lives of building elements or building layers on the sustainability of a building as a whole.
- Investigating the influence of different material choices in relation to the service lives on
the sustainability of the building as a whole
- Investigate possibilities to achieve “CO2-neutral” building
2 SOME THEORY
2.1 Environmental impact per year of use
When the impact of a building over its entire service life is assumed as the sum of one or more
building elements, each with different service lives, for example including the impact of changing the infill walls, the Annual environmental impact depending on the service life of a building
at the end of life of the building, might look like fig 1.
The total impact ∑I is the sum of the impact related to all the needed materials and processes
involved with the construction of the building (Mi) the materials and processes related to the
demolishing of the building (Di) and the materials energy and processes related to the operation
of the building.

Fig. 1 Annual environmental impact at the end of life of a building versus service life of a building with
the influence of a recurring building element with a shorter service life.

((Mi + Di)+ Oi) / (L) < R
Where, Mi = Initial impact of the building related to the materials and energy used in the construction of the building; Di = Impact related to the demolition of the building; Oi = Operational impact over the whole service life of the building including energy and maintenance; L =
Service Life of the building according to a Life scenario; R = allowable maximum or target
maximum of the annual environmental impact .Here (Mi + Di)/L is shown as the sum of two
building layers with different service lives.
The figure shows the impact depreciation in the year of demolition of the building. The formula shows that the depreciation over the total service life of the building will distributed more
evenly. Sudden investments in new building layers can be calculated as evenly divided over the
whole of the service life of the building. This way peaks will be largely reduced.
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2.2 Minimum impacts, Cradle to cradle
In the view of [McDonough en Braungart 2002] figure 2 is not strictly a “cradle to cradle”
(C2C) solution. In their view, materials and energy should all be recyclable, either serve as food
or be fully recyclable. Others speak of Zero-impacts. Can products become fully C2C? For the
moment these kinds of solutions probably will remain a utopia because in whatever product we
take there will always be some influence of a negative environmental impact, either small and
far away. For example the influence of the truck that transported parts of the otherwise fully
C2C product is a (however small) negative effect. In the near future there will always be some
parts incorporated in a c2c building that could not yet make use of C2C materials.
Fig 2 shows the impact of a C2C building where the building has a negative impact but also a
positive effect, for example by generating more energy than it uses (for example by photovoltaic cells). This positive environmental effect can make up for the unavoidable negative influence there still is. The figure shows (again) the importance of the service life of the building.
Only after the break-even point of the service life is reached, the building starts to generate a
positive environmental influence and starts to become “C2C”, generating more positive effect
than the initials negative impact costs.

Fig 3. Total annual environmental building impact with positive “C2C”-effect

Because more and more the aim will be to realise zero energy buildings (see also the EPDB
recast, the Energy Performance Buildings Directive, 2002/91/EC in which more and higher demands on the energy efficiency of buildings have become mandatory ), the initial materials will
become more and more important. Their relative contribution to the whole of the impact is likely to become bigger and bigger. The influence of the service life over which we depreciate
these impacts, therefore will also increase. To depreciate impacts (it can be compared with financial accounting) can help in assessing the most impact efficient way of combining building
elements and layers with different service lives..
Because not the exact sustainability of an existing building is at stake, but rather to investigate the trends and relative influences as a result of different material choices as well as different service lives of subsystems, the first approach is to take only into account the relevant material and energy flows. Also the energy and water consumption during operation (in most cases
essential and responsible for a very large contribution of the impact of a building as a whole), is
not studied in great detail. In achieving a better sustainability in the future it is assumed that
zer0-energy concepts for buildings will become more and more within reach. This will mean
that the relative contribution of the initial materials will become more and more important. By
varying the service lives of the building layers, their relative materials impacts and varying the
energy consumption and energy production the influences on the impacts can be studied. Just
like with financial investments, also the initial ecological or environmental investments due to
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replacements of building elements and building systems can be very influential on the total impact, if these investments cannot be depreciated over a number of years. For building layers
that can be depreciated over a longer service life, the influences of the materials impacts obviously become less important in comparisons with the materials impact of layers with a short
service life. For example the use of low impact materials for the space plan (the partition walls
and ceilings etc.) is expected to be very beneficial for the total impact because of their short
service lives. It could be very much worthwhile to design partition wall systems with low impacts.
3 THE CASE STUDY
3.1 Building Model for the case study
Different ways of classification and different building models have been proposed by Duffy,
Brand and Leupen [Leupen 2002] amongst others. The way these different sub systems, or
building layers, are interconnected and how they are interacting with each other largely defines
the possibilities for changes or replacement of building layers [Durmisevic, 2006] [Blok, 2006].
If for example a building layer skin, or façade, has a functional service life of 30 years and cannot be replaced because it is also part of the main bearing structure, it means that this layer is
limiting the whole service life of the building to 30 years, despite the fact that other parts of the
structure perhaps have a technical service life of 75 years
For the case study a very simple model of a virtual office building was used. However important a degree of flexibility and adaptability in the real life of a building will be, it will be disregarded in the Virtual Office building model. It will be assumed that the different service lives
of the building layers can actually be achieved. Whether or when flexibility is actual influential
on the materials impact of a building could be an outcome of this case study. This item will be
briefly discussed further in the discussion paragraph.
For the relative influence of the energy consumption during the operation of the building
some different levels of energy efficiency were assumed: ranging from a very high negative impact to an even positive impact (energy producing building).
Table 1. Subdivision of the building en layers and elements

Building system

Building elements

Materials/ Alternatives

Structure

Columns
Beams
Floors (including Roof)
Lateral Bracing systems
Glazing
Window frames
Closed window area’s
Thermal Insulation material

Steel structure
Concrete structure
(Timber structure)

Facade system

Roofing

(Foundation)
Infill /partitioning

Services
Access

Waterproofing
Thermal Insulation
Moisture barrier
Not into account yet
Light weight partition systems
Ceiling system
Floor screeds
Material impact were assumed at
a fixed amount
Material impact to be disregarded
at this stage
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Aluminium
curtain
wallsystems
(Brick in external wall)
Thickness 50-150 mm, alternative materials

(Pile versus/ strip)
Light weight steel + plasterboard
Lightweight clay fired bricks
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3.2 Building configuration and dimensions
In order to compare the calculation results some standard building dimensions where agreed
upon by the contributors to the case study. (It will be possible to vary the dimensions by means
of a spreadsheet and compare changes in results.)

Fig 3. Impression of Virtual Office Building as the sum of the Layers Structure, Façade, Services and
Space Plan.

Table 2 gives the overall dimensions and relative figures that the participants (see also heading)
agreed upon to use in the calculations.
Table 2. Virtual Office Building Dimensions etc.
Length
40
m
Width

15

m

Floor to floor height

3,5

m

Number of Floors

4

Number of persons working

80

Window openings

25

% of floor area

Service life building

80

year

ground floor area
Roof
area
Foundation area

600
600

m2
m2

600

m2

The total gross floor area will be 2400 m2 . The assumed transport distances of materials to
buildings site will be 100 km (return distance), and for the energy mix the European mix will be
used.
Although building configurations for office buildings show a great variety. Cellular office
concepts as well as group offices and open plan offices use different lay-outs and therefore different amounts of materials for the space plan: internal partition walls [Dobbelsteen 2004]. For
this case study up till now, only one lay out was considered, see fig 4. Other lay-outs may have
affect the material use.
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Fig 4. Lay-out Office plan with internal partitions and two different principles for the building structure

Between axis 1 and 2 the access stairs and elevators are situated. The walls in these parts are
used for the lateral bracing system. For the building structure two alternative structures have
been assessed. A steel structure and a cast in situ concrete structure. The design of these structures was based on their permanent loads and a life load of 3,0 kN/m2.
3.3 Steel structure
The first structure is a steel structure with pre-stressed concrete hollow core floor slabs and integrated steel beams. The hollow core floor slabs span from steel beams at axis A to beams at B
and C ; approximately 7,2 m. Fig... shows the vertical section with basic detailing.

Fig.5 Vertical section showing the integrated steel beams, concrete hollow core floor slabs and the basic
detailing of the facade.

The dimensions of beams and columns of the steel structure is given in tabel..
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Table 3 Steel structure materials

Steel column axis B
HE240A
60,3 kg/m
Steel columns axis A and C
HE220A
50,5 kg/m
Steel beams B
THQ 180x5-290x30-500x20
164 kg/m
Steel beams axis A and C
THQ 180x5-190x25-400x12
90,8 kg/m
Connecting members (1 to 9)
HRS 120x5 on average
20 kg/m
Lateral bracing members
HRS 150 x 8
35 kg/m
Hollow core floor slabs
HVP 200mm
270 kg/m2
Concrete structural layer
50 mm concrete
100 kg/m2
(For the connection plates, welding and bolts etc an extra 10% in steel materials was assumed.)
Total calculated amounts of steel for the virtual office: 105 Tons
Total amounts of concrete in the steel structure (floors): 810 Ton = 345 m3 concrete
Building weight per gross floor area : 915.00/ 2400 = 381 kg/m2 .
3.4 Concrete Structure
As an alternative for the steel structure an in situ cast concrete structure was designed. In this
case the concrete floor spans about 4,8 m in the other direction, from axis 1 to 2 etc. The global
dimensions for the concrete structure are given in next table 4.
Table 4 Concrete structure materials

Concrete Columns axis B (2x)
Concrete columns axis A and C
Main beams axis 1 to 9
Beams axis A/B/C
Concrete floor

0,35 x 0,35 m
0,35 x 0,35 m
bxh 0,45x0,35 m
bxh 0,30x 0,35 m
0,15 m thick

(excl. floor thickness)
(excl. floor thickness)

Total calculated amounts of reinforced concrete for the alternative concrete structure: 1500 Ton
concrete = 638 m3 concrete
Building weight per gross floor area : 15.000/ 2400 = 625 kg/m2 .
Similar research by [Passer] give higher weights for building structures per area of floor:
1135kg/m2 net area for concrete structure and 702 kg/m2 net area for steel structure. Reason
for these differences can be the rather light construction method in case of the Virtual office
building, by using the hollow core floor slabs and because the exterior walls and the top layer
floor screed are not included in these figure. Also their comparison is with net floor area.
For the space plan only one lay-out (as is shown on the floor plan in figure 4) was considered, but two different types of internal partition walls were compared, with different materials
were used. The first type was lightweight steel channels with gypsum plasterboard panels; the
second type was lightweight, fired clay bricks.
Table 5 Internal walls lightweight gypsum plasterboard walls

Plasterboard walls
516 m2 wall
30 kg/m2 (20% loss)
U- Channels
1170 m U channel
1,17 kg/m
On top of the concrete floors an extra layer of levelling san-cement screed was used
Internal Finishing
40 mm floor screed

120 m3

3.5 General approach
From the amounts of materials the impact amounts of CO2-eq were calculated, using various
existing material data. Co2 was taken as a start of the case study. Further results are expected at
a later stage of the study. The impacts of the various subsystems could now be calculated. The
figures were considered to give cradle to grave information. No detailed LCA calculations have
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been carried out for the subsystems. For example the construction methods and the way the
components are assembled and installed to form building elements were ignored. This means
that the data quality is rather rough, for example not high enough to compare different material
solutions in great detail, or to exactly calculate the CO2 burden for a given solution with great
accuracy. Because here the main study focuses on the relevancy of the different service lives on
the total CO2 impact, this poses no direct problem. Also the assumed service lives themselves
are estimates. So even more exact material data can not provide a much higher accuracy. In
short: For the goal here: to see what the trends are in the relative influences of different building layers, compared to energy use (for different energy efficiencies) this approach gives a sufficiently clear insight.
3.6 Used Material and Energy data information
The material data, the CO2-eq, was obtained from different sources. Too limit the complexity
of the work and to simplify the case study, this data was obtained from existing databases and
or data from material producers. For different locations and perhaps future studies these data
can be adapted to local circumstances.
For the Dutch situation some examples with regards to steel and concrete already some data
was obtained from LCA calculation performed by the Industry.
For structural steel, produced in Europe, used in the Dutch market the following figures can
be found (table 6). The figures are based on Dutch product information on steel (MRPI). The
data is obtained by LCA calculations [Intron 2003] Some figures for hot rolled heavy duty steel
( columns, beams etc.) as well as cold rolled light steel are given here (the report also gives figures for middle weight steel and steel cladding products for roof and facades):
Table 3 Impacts of Construction Steel in Building Construction (Adapted, MRPI Intron )
heavy
light weight steel
Steel
(columns beams etc.)
(partition walls)
Humane toxicity
kg 1.4 DB
2,9E+01
8,5E+01
Abiotic depletion
kg SB
2,8E+00
6,9E+00
Ecotoxicity
water
kg 1.4 DB
5,7E+00
1,6E+01
sediment
kg 1.4 DB
9,2E+00
2,7E+01
terrestrial
kg 1.4 DB
1,7E-01
1,7E-01
Acidification
kg SO2
3,0E+00
3,0E+00
Eutrophication
kg PO4
4,2E-01
4,2E-01
Global warming pot.
kg CO2
4,8E+02
4,8E+02
Ozone depletion
kg CFK11
1,1E-04
1,1E-04
Energy
MJ
7,30E+03
1,70E+04

For concrete the following data is obtained regarding different concrete mixes for different
types of mortars for the Dutch situation:
Table 4: Impacts of Concrete mortars in Building construction (figure adapted, Lanser e.o.)
concrete mortar production with 99% recycling
Carbon dioxide
Sulphur Dioxide
Energy
(kg CO2)
(kg SO2)
(MJ)
C20/25
C28/35
C20/25
C28/35
C20/25
C28/35
Production
1,40E+02 1,70E+02
4,10E-01 4,90E-01 1,00E+03 1,20E+03
Transport
3,40E+00 3,40E+00 2,50E-02 2,50E-02 1,00E+02 1,00E+02
Recycling
Total

1,40E+01
1,57E+02

1,40E+01
1,87E+02

8,50E-02
5,20E-01
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For concrete however the amount of CO2 involved with the production of concrete mortar is very much
depending on the type of cement (and the amount of clinker in the used cement). It can vary from about
400 kg/ ton to about 1000 kg/ton cement. For Europe the average is 760 kg

CO2/ ton cement [Cembureau 2007]. Also the amount of steel reinforcement together with the
additives and the formwork and transport can be influential. [Lanser 2008]
Table 5: CO2 and energy data for average C20/ 25 concrete Netherlands:
Total
Global Warm. (kg CO2)
energy
MJ

cement
99
550

276
2710

Steel reinf. agregates Formwork Tranport
86
36
30
19
1080
420
410
250

Further Material information (in this case CO2–eq, was obtained from [Glaumann 2010]. He
uses various data for building materials which was incorporated in the developed spreadsheet
used for this case study. For concrete the data show good correlations, for steel however a large
difference in the amounts of CO2-eq for EU mix steel (data Eco effect) versus the Dutch situation (data MRPI Intron). The differences in the production methods (furnaces) are the most
likely cause for this.
Also the possibility that the integrated floor beams used in the steel structure may have a
higher CO2-eq impact due to the welding needed to fabricate the beams is ignored here.
The amounts of CO2-eq for the materials used were calculated and aggregated to totals per
building component, subsystem, or building layer. The results of kg CO2-eq are given in table.
Table

Building element

materials

Structure A (steel)

steel
concrete reinforced
in situ layer
Structure B (concrete) concrete reinforced
Internal partitions A
Light weight steel
gypsum board
rockwool
Internal partitions B
Clay fired bricks
plasterboard
Floor finish screed
sand cement
Ceiling system
particle boards
Facade system A
glass (double)
aluminium
brick
plasterboard
Light weight steel
insulation Rockwool 50 mm
(Also alternative thicknesses
were used)
Facade system B
insulation Rockwool 200 mm
(3 double glazing)
Glass
(other materials as A)
Roof insul. finish
expanded polystyreen (80mm)
(Also alternative thicknesses
were used)
Groundfloor insulation expanded polystyreen (80 mm)
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amounts

burden

totals

(kg)
104.988
810.000
345.000
1.500.170
1.368
15.484
722
33.540
16.512
192.000
12.000
7.267
1.836
231.000
4.158
378
1.617

(kg eq CO2)
113.597
106.920
45.540
198.022
1.481
4.645
1.055
4.773
1.800
25.344
1.344
4.397
20.449
40.177
1.247
409
2.361

(kg eq CO2)

6.468
10.901

9.443
6.595

266.057
198.022

7.180
6.573
25.344
1.344

69.040

78.321
792

1.428

720

1.298

1.428
1.298
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Based on the assumed material data it shows from the calculated figures that the difference
in the impact of the steel structure compared to the concrete structure when looking at the
global warming potential measured in kg CO2-eq. is 266 tons versus 198 tons. This is a relative
difference of about 34%. The impacts are in the same orde of magnitude and this is partly so
because of the relative contribution of the (concrete) floors, which are concrete in both structures (hollow core floor slabs with a structural in situ layer and in situ cast concrete floor for
the concrete structure). Again to draw conclusions here is premature because of the used data
quality and also the possible differences over Europe due to different production methods, different energy mixes and different klinker-content in the cement used for the concrete. Furthermore it should be noted that so far it only considers the CO2 impact. The outcome for other
damage categories, human toxicity, loss of bio-diversity etc. could be very different. (For example the fine dust impact for concrete is known to be high.)
Another thing that can be seen is that the figures for the more traditional partition walls out
of brickwork (with plastered finish) compared with the lightweight partition walls out of steel
channels with gypsum boards give CO2 impacts that is very much comparable.
Furthermore the increase in insulation, let’s say a double or even quadruple insulation thicknesses and also changing the double glass to triple glazing causes relatively low increases in
initial CO2 impact on the total of the facade. Investing in insulation materials and thus saving
energy still seems, also from the viewpoint of CO2-impact, worthwhile.
3.7 Energy consumption Virtual Office
For this virtual office building case study, no specific location was chosen. Although for real
buildings the location is very much influential on the energy consumption (and also on the
available energy mixes), for the virtual office building the location is unknown and the energy
consumption therefore is also very much fictitious. For this reason it was decided not to calculate possible energy consumptions based on local climate, thermal resistance, thermal comfort
and indoor climate in great detail. Instead of this, a comparison was made based on different assumed energy concepts. The exact relationship between insulation level and energy consumption therefore was not calculated. For these different building configurations the energy consumption per square meter was estimated, and these estimates were used in the different life
scenarios of the Virtual Office Building. Here the three most extreme energy concepts are
given:
The energy consumption assumptions were taken for the building related climate control:
heating, cooling, and lighting. (The user related energy consumption, for example computers
etc has not been taken into account.) Different energy mixes where also assumed to vary in
maximising or minimising CO2 impacts.
• Virtual Office Building with low thermal insulation and high energy consumption. (For example old or not upgraded existing building stock). The energy consumption was based on 300
kWh/m2/A
• Virtual Office Building with energy consumption in accordance with current energy standards.
(For example new office buildings). The energy consumption was assumed to be
90 kWh/m2/A
• Virtual Office Building with very low energy consumption. (For example buildings using “passive house” concepts). The energy consumption was assumed to be
15 kWh/m2/A
Different energy consumptions require differences in material use, especially in thermal insulation materials and facade concepts. It was assumed that the overall configuration of the
building remained unchanged (this is in reality for passive concepts unlikely), but the thermal
insulation thickness ranged from 50 mm (high energy consumption) to 200 mm (very low energy consumption).
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4 GLOBAL WARMING IMPACT VERSUS SERVICE LIVES, RESULTS

4.1 Virtual Office Building with high energy consumption.
Figure 6 shows results a building configuration a high energy consumption, thus with a very
low energy efficiency. As could be expected for (old) buildings with a high annual energy use,
the annual CO2 impact is almost entirely depending on the (high) annual energy use for the operation (mainly heating and/ or cooling) of the building.
It is also clear that the impact and type of materials as well as the service life of the materials
is hardly of any influence on the total impact at all. Varying the service lives of a building
layer, the building envelope, or the space plan (internal partition walls) causes changes in the
overall impact that are relatively small. Just after renewal of a building element, the total annual
impact shows a peak. IThis shows the influence in the year that it occurs. In practice however it
will be very rare that major investments in new building layers or elements will be done, just
before a building becomes obsolete or just before the service life of a building is ended. Obviously it will be very inefficient to invest in new building components just before obsolescence. In practice its influence will be more evenly divided. The distribution of service lives
has not yet been taken into account in this study. It can be expected however that the peaks as
shown in the graphs will be less influential in practice because of the argumentation given
above.
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Figure 6. CO2-eq impacts versus Service Life of Virtual Office; low energy efficiency solution

From the graph it can be seen that for estimated service lives shorter than approximately 10
years the influence of the building materials is still significant. For longer service lives the major influence is the annual energy use.
Overall it can be said that the influence of service lives of the infill partition walls (taken as
20 year), and the services and building envelope (40 years) is relatively small. It is not new, but
also these graphs show that building codes and building energy standards can strongly reduce
the CO2 production and that upgrading and increasing the energy efficiency of existing building stock can be very effective in terms of CO2 reduction.
The expected annual CO2 impact of this virtual office building configuration (with its assumed energy use) lies approximately between 300 and about 240 Tons eq CO2. From this,
based on the assumed average use of 80 persons staff, this would amount to 3,8 Ton P/A to 3,0
Ton P/A (equiv CO2 per person per year). Again it should be noted that these figures are just
estimates with a relative value, rather than an absolute value, due to the assumptions that were
made. From the viewpoint of CO2 it also shows it will be very effective to demolish and replace old existing buildings that cannot receive a substantial upgrade in energy efficiency. The
relative CO2 impact caused by the obsolescence of the materials is rather small and are low
compared to the gain that can be achieved by using new more energy efficient buildings..
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It is also obvious that the relative influences for buildings that have a high level of energy efficiency in their building services and that use efficiently produced (green) energies, the relative impact of the building materials will becoming much higher, again from the viewpoint of
CO2-eq.
4.2 Virtual Office Building with energy consumption in accordance with current energy
standards
Fig shows the results of a building configuration with energy efficiency in accordance with current building codes. Of course this can be very different depending on the assumed location of
the building. Here an energy use of natural gas (reasonably efficient) combined with an assumed energy use of 90 kWh/m2/A is shown. According to [ ] this is in general in accordance
with the current building energy codes. Disregarding the peaks, this causes the overall CO2-eq
impact to decrease drastically to levels of about 80 to 50 Tons CO2-eq/A. This equals (for the
Virtual Office with assumed 80 persons staff) an amount of 1,0 to 0,6 Tons CO2-eq/ person/
year. (These figures are comparable to the impact of a person traveling 15000 km/year in a very
CO2 efficient Toyota IQ 1.0; this equals a burden of 1,5 ton CO2-eq; see also the calculation
below).
In this configuration the relative influence of the energy use is still very high. For service
lives ranging from 25 to 40 years, it ranges between 69 an 81 %. This means that the influence
of the materials for this period range between 31 and 19 % on the overall CO2 impact. At the
same time the influence of the materials has hardly changed by the amount of extra insulation.
The initial CO2 impact of the extra insulation on the building envelope raises from 71,8 to 76,9
tons CO2-eq. Again, and also from this CO2 point of view it is very much worthwhile to invest
in energy efficiency. The extra relative investment in materials seems mall compared to the
possible gains.
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Figure 7. CO2-eq impacts versus Service Life of Virtual Office; Current energy efficiency solution

Based on this graph it shows that these virtual office buildings, in accordance with current
building energy codes (and after they can achieve a service life of more than about 15 to 20
years), the CO2 burden is still for the largest part depending on the annual energy use.

4.3 Virtual Office Building with very low energy consumption
One step further of course is to even more decrease the annual energy use and increase the
energy efficiency. It was assumed that with passive concepts, and further improvements on insulation (thickness of 200 mm was assumed) as well as using triple glazing solutions, use of
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highly energy efficient services, the energy consumption could be reduced to a level of 15
kWh/m2/A . For the calculations Nordic electricity was used, to simulate a more lower CO2-eq
impact, thus simulating a future situation. Again with this step, from Oil to Natural gas and now
to Nordic electricity this further decreases the CO2 exhaust. The (annual) CO2 exhaust of the
virtual office building based on these assumptions decreases further from 45 to 3,6 tons CO2eq/A .
From fig 8 it can be seen that now, by drastically reducing the energy impact, the resulting
overall CO2 burden almost entirely depends on the materials and the service lives of the building and it’s elements. Depending on the investments and the service lives, and by cutting of the
peaks, the CO2 impact lies somewhere between 45 and 20 Tons eq CO2/A. This is about 0,6 to
0,25 Ton/ person/A. For service lives of 25 to 40 years the relative impact of the annual energy
use has drastically lowered to 15 to 25 % of the overall impact. At the same time it means that
for service lives between 25 and 40 years, CO2 write off for the materials ranges from 85 to
75% of the overall impact.
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Figure 8. CO2-eq impacts versus Service Life of Virtual Office; High energy efficiency solution

To put the CO2 exhaust of the use of this virtual office building in perspective (as was done before) we can compare it with the exhaust caused by traveling. For car traveling, the lowest average CO2 exhaust per km for a car available on the European market nowadays, is a Toyota IQ
1,0. The CO2 exhaust of this car is about 100 g/ km. This means travelling for let’s say 15000
km/ year (for 1 person) the exhaust will be 1.5 Ton. (Based on [RDW brandstof NL 2010].)
If we look at travelling by train with an estimated 55 g CO2 /p/ km (45-62 g CO2/km) : the
burden would be further reduced to 0,8 Ton/A. based on [ ] .
4.4 Virtual Office Building with very low energy consumption
Because the impact of the materials is relatively high (relative to the energy consumption in that
building), in buildings with high energy efficiency, the effect of different service lives was studied for this Virtual office configuration with this assumed very low energy use. In the scenarios before, the assumed service lives of envelope (façade and roof) of 40 yrs and infill partition
walls of 20 years are relatively long. To see what the influence of changes in the service lives
would be, a scenario with, just the opposite: relatively short service lives was studied: Assumed service lives: Envelope: 20 years; Services 10 yrs; Space plan (infill partition walls) 8
yrs. The results are shown in fig 9..
Just after the investments in new building layers and new building materials, the graph shows
high peaks. As explained before this is the investment in the year that it occurs. The peaks are
less influential because of investments just before obsoleteness is much less likely. The service
lives of the building materials however show a significant impact in the overall CO2 burden of
the Virtual Office Building.
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The CO2 impact rises depending on the service life of the building from 30- 15 Tons eq
CO2/A for service lives ranging from 25 to 40 years to approximately 50-25 Tons eq CO2/A.
This means that it becomes worthwhile to use efficient low- impact materials and/ or recyclable materials for those building layers with a relatively short service life. This is in particular
useful for the infill light weight partition walls with a very short life cycle.
Another thing than can be seen is that the CO2 burden caused by the structure is causing, not
only a very high proportional influence on the overall CO2 burden, but also that it is very high
in absolute numbers in the first 15 to 20 years. After this period, it becomes less influential due
to the renewal of other building components and the write off over a longer period. The steel
structure with concrete hollow core floors has an initial impact of 266 Tons. For example, depreciation (write-off) of the structure’s impact after 15 years, is 17,7 Ton/A. After 20 years this
becomes: 13, 3 Ton/A. After 25 years: 10, 6 Ton/A.
We can compare this to a new investment in space plan (partition walls), which is here calculated to have an initial impact of 31,5 Tons. Especially the investment in building layers that
involve a lot of materials and together cause a great impact makes the impact of the building
structure relatively less important. Because the building envelope makes up for about 20 percent of the initial material CO2 impact this contribution, here calculated at 71,8 Tons is significantly.
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Figure 9. CO2-eq impacts versus Service Life of Virtual Office; High energy efficiency solution, short
service lives of building layers

4.5 Climate neutral
Sometimes a building is regarded as climate neutral if the same amount of energy that is used is
also generated by the building. Mostly what is meant is “CO2- neutral” or “energy neutral”.
For example with the use of Photo Voltaic panels. In term of CO2 however it is easy to see that
this does not make up for the impact caused by the materials. Let alone the problem of timing
(the energy consumption versus energy production, daytime versus night time, summertime versus wintertime). To make a CO2-neutral building, higher energy production is needed to make
up, or compensate the CO2 impact, caused by the initial materials.
To investigate how the Virtual Office Building could be regarded as a CO2-Neutral building
a “positive CO2 effect” was introduced. For this scenario shorter service lives were assumed to
be more realistic and less extreme: Envelope: 40 years; Services 20 years, Space plan (partitions etc.), 10 years.
The Graph in figure 10 gives results with a significant positive, so-called C2C (Cradle to
cradle) effect . Here the “positive CO2 effect” was taken as 10x the annual energy use (36 Tons
CO2-eq), to make up for the impact of the initial materials. Perhaps this could be achieved by
using for example PV panels.
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Figure 10. CO2-eq impacts versus Service Life of Virtual Office; “CO2-neutral” solution; High energy efficiency, medium service lives, high C2C effect

Even then, with a very low energy consumption of 15 kWh/m2/A, and a rather high net CO2
compensation, (or a net prevented CO2 production) only after about 15 years the building becomes climate Neutral. The overall CO2 burden increases again due to new investments needed
in the 20 th year. It shows that the service lives of the building layer is influential in how and
when a CO2 neutral building can be achieved.
4.6 CO2 compensation
Is a CO2-neutral building at all possible? Is CO2 compensation possible? CO2 sequestration
is removing carbon dioxide from the atmosphere and depositing it in a reservoir. A possibility
that is on offer for consumers is to plant trees that absorb CO2. It is offered by airlines, to compensate for air travel. However, to use the planting of trees for CO2 compensation still raises
many questions. How much of the CO2 is absorbed by the trees? When the tree dies, how much
of the CO2 re-enters into the atmosphere? Sometimes figures of 150 Tons CO2 /ha are reported
for European forests This would mean, that for the building shown above with approximately
36 Tons Co2/A over a 80 year period we would need 19,2 ha to compensate the CO2 burden of
the Virtual Office Building (disregarding the fact that the CO2 will eventually re-enter in the
atmosphere).
To prevent 36 tons CO2-eq/A by producing green energy (for example PV panels) we are
avoiding CO2 production. How much we are avoiding of course depends very much on the current energy production efficiency. Some simple calculations:
Producing Photo Voltaic energy instead of burning oil:
According to [ ] the CO2 burden of photo voltaic panels is strongly depended on the Energy
Pay Back Time (EPBT), this is the time it takes for the PV panel to generate the amount of
energy equal to that which is used in its production. The EPBT of a PV systems ranges between
1 to 4 years. Depending on the energy used at the manufacturing site, the insulation etc literature reports between 21 to 43 g CO2-eq/kWh. [ ] When assuming the average of 32 g CO2-eq
/kWh and comparing this with energy generated with oil, with a 325 g CO2-eq, Avoiding 36
Tons CO2 –eq means producing 36.000/(0.325-0.032) = 123.000 kWh net energy
The efficiency of Photo Voltaic panels depends again on its location. In the Netherlands the
current production is about 50 -75 kWh/m2. A climate neutral virtual office building therefore
would need approximately 2460- 1640 m2 of PV panels if we assume the avoidance of very
CO2 inefficient energy production (Compare to roof area: 600 m2). These required areas for
PV panels will increase, if we assume CO2 avoidance of more efficient energy sources and will
decrease with more efficient PV panels, for example in locations with more sun radiance.
Here the possibility to actual gain energy may seem rather big and the gains can become rather high. Between 25 and 30 years the positive CO2-effect ranges from about 1 to 6 Tons
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CO2-eq/A. Over 80 persons in the virtual office building this equals approximately 0,01 to 0,08
Tons CO2-eq /P/A (per person per year).
If a lower net energy production is assumed, the brake even point, or Pay Back Time becomes longer and more critical and the possible gains of course will become lower. It will be
rather uncertain if these assumed service lives can actually be achieved in reality. Calculations
with possible distributions in service lives might give more insight. This simple example shows
however, that so-called CO2 neutral building, though not impossible, will be rather difficult to
achieve.
4.7 Other impacts.
For now the examples have shown only the Global Warming Potential, or the amounts of
CO2-eq. In the near future also different impact categories can be considered: Humane Toxicity/ Health, Abiotic Depletion, Terrestrial as well as Water Eco-toxicity, Acidification, Eutrophication. More material data can be collected and the impact of different solutions with different service lives can be compared.
4.8 Conclusions, discussion
From a Simplified building configuration, “Virtual Office Building” the amounts of materials used were calculated for different building layers. The service lives as well as the annual
energy use was varied and the effect on the overall CO2 impact was studied. The results give
more insight in relative trends. (Because the data quality remains rough, the numbers of CO2
impact are estimates and should not be used as absolute numbers.) The case study made it possible to give an insight in the relevancy of the influences of materials to energy- use, different
service lives on CO2 emissions.
• In general it can be said that for “Virtual office Buildings” built according to current energy
standards (or lower), the overall CO2-impact is mostly depending on the annual energy use.
This is not new, but also this case-study shows that the initial material influence remains
comparatively small for “Virtual Office Buildings” if they can achieve a service life of approximately 15 to 20 years or more. For buildings with shorter service lives, the shorter the
service life will be, the more governing the material impact will become.
• For future buildings with much lower energy consumptions the material impact becomes
much more important and cannot be ignored when minimizing the CO2-impact. Especially
the building layers with shorter service lives can have some influence on the overall CO2impact. Though not studied in this case study it might be expected that this trend will also
show in other impact categories.
• The influence of the building structure (causing the highest amount of initial CO2 impact)
still remains rather small if service lives of 20 years or more can be achieved. The difference between a steel structure and concrete structure configuration in the case study also
was rather small.
• For building elements with short service lives it becomes relatively more worthwhile to
minimise CO2 impacts by using materials and solutions with a low CO2 impact.
• In achieving CO2 neutral building the material impact cannot be ignored. Thriving for CO2
neutral building makes avoidance or compensation or storage of CO2 necessary. To compensate for the initial materials, this annual positive C2C effect, the compensation or storage of CO2, needs to be much higher than the annual energy use of the building.
• With current possibilities to generate energy or compensate CO2, it will be, though not impossible, very difficult to achieve CO2 neutral building.
The approach shown in this case study can be extended for more alternative materials, different
building dimensions and different service lives of building layers as well as different energy
concepts. By integrating this information in the spreadsheet calculation programme, different
scenarios can quickly be assessed. Future research could include probabilistic data, average
values and distributions on service lives of building elements as well as extending the results to
other impact categories.
Because the results in CO2 impact very much vary with the assumed service lives of the
building layers this case study confirms that an Integrated Life Cycle approach in the assess-
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ments of construction, buildings and building solutions is absolutely essential. How longer service lives can be achieved, for example by using flexibility is another field of study. Thriving
for a more sustainable building and construction needs this Integrated Life Cycle Approach, in
the design as well as in the evaluations with LCA calculations of existing (designs of) buildings
and constructions.
REFERENCES
Blok, R Gervásio, H. 2008, Guidelines to perform Life Cycle Analysis of Buildings, Seminar Proceedings, Sustainability of Constructions, cost action C25, Dresden
Blok, R. Herwijnen, F. van. 2006 Quantifying Structural Flexibility for performance based life cycle design of buildings. Proceedings international conference Adaptables ‘06, volume 1, Eindhoven
Brand, S., 1994, How Buildings Learn, New York, Viking
Braungart M, Mcdonough W, 2002, Cradle to Cradle: Remaking the Way We Make Things (2002)
CIB W080, Hovde, J. Moser, K 2004, Performance based methods for service life prediction, publication
294 CIB, Rotterdam
CML 2001, Life cycle assessment (LCA), An operational guide to the ISO standards, Centre of Environmental Science Leiden University (CML) 2001
Dobbelsteen A., 2004 The sustainable office, An exploration of the potential for factor 20 environmental
improvement of office accommodation, Phd Thesis, Delft University
Durmisevic, E. 2006, Transformable Building Structures, Phd Thesis, Delft University
Glauman, M Spreadsheet calculating material building impacts, 2010
Goedkoop, M. De Schrijver, & al, 2006, Introduction to LCA with Simapro, Pre consultants, Delft
Hoekman, R.W.J. Blok, R. Herwijnen, F. v , A Neurofuzzy Knowledge Model for the Quantification of
Structural Flexibility
Hoogers, J., 2004, Bouwen met Tijd, Rotterdam, SEV.
ISO 14040-14044 Standards environmental management- life cycle assessment, International Organisation of Standardization. Geneva, Switzerland. 2006
Lanser, P.A; Burger, A.M. ) 2008, Carbon dioxide as a stimulus for life cycle thinking in cement and carbon neutral concrete building, ‘s Hertogenbosch, Netherlands
Leupen, B. 2002, Kader en generieke ruimte (in Dutch) 010 publishers,Rotterdam
Ko, C.H. & M.Y. Cheng, 2003, Hybrid Use of AI Techniques in Developing Construction Management
Tools, Automation in Construction, Volume 12 (2003), p.271-281.
MRPI Product information Steel, 2003, LCA report Intron R20020491, Rotterdam, Netherlands
Zadeh, L., 1965, Fuzzy Sets, Automation in Control, Volume 8 (1965), p.338-353
Passer A; e.a. Life Cycle assessment of buildings comparing structural steelwork with other construction
techniques. Graz University of technology,

445

Integrated Approach towards Sustainable Constructions
______________________________________________________________________________________________________

446

Part III – Case Studies
______________________________________________________________________________________________________

Sustainability assessment of seismic retrofitting techniques via
TOPSIS method: the SPEAR Building case study
Raffaele Landolfo
University of Naples Federico II, Department of Constructions and Mathematical Methods in
Architecture, Naples, Italy
landolfo@unina.it

Paolo Negro
ELSA Laboratory, Joint Research
paolo.negro@jrc.ec.europa.eu

Centre,

European

Commission,

Ispra

(VA),

Italy

Lucrezia Cascini, Caterina Antonia Dattilo, Francesco Portioli
University of Naples Federico II, Department of Constructions and Mathematical Methods in
Architecture, Naples, Italy
lucrezia.cascini@unina.it, caterinaantonia.dattilo@unina.it, fportiol@unina.it

ABSTRACT: This paper presents a sustainable based design methodology for the selection
between alternative retrofit interventions applied to a case study. The structure under
investigation is a three-storey replica of an existing non-seismic reinforced concrete building,
full-scale tested at the ELSA Laboratory in the framework of the European research project
Seismic PErformance Assessment and Rehabilitation of existing buildings (SPEAR). Two
conceptually different rehabilitated configurations, a GFRP-retrofitted specimen and a RCjacketed structure have been designed. Each design alternative has been evaluated by means of
structural, economical and environmental performances. The two retrofitting strategies have
been compared with five criteria, namely the peak ground acceleration corresponding to
maximum interstorey drift at slight damage and near collapse limit states, the life cycle
investment cost and life cycle environmental impact. Finally, a preference ranking has been
defined according to the TOPSIS method.

1 INTRODUCTION
This paper presents an integrated methodology for the selection of alternative retrofit
interventions including sustainability issues in the decision making process.
The concept of “Sustainable Development” was introduced in 1987, by the Brundtland
Commission, in the report Our Common Future and it was defined as the “development that
meets the needs of the present, without compromising the ability of future generations to meet
their own needs” (U.N., 1987). Starting from the principles of environmental protection, the
concept of Sustainability has greatly enlarged and nowadays it concerns all the human activities
and the related impacts produced on the environment, the economy and the society, usually
called the three pillars of sustainability (Figure 1).
As for the link between “sustainable development” and the construction sector, it is well
known now that construction related activities exercise a wide influence on the rest of society,
having huge impacts on the environment, the economy and the society. According to the interim
Communication “Towards a Thematic Strategy on the Urban Environment”, adopted in
February 2004 by the European Commission, constructions uses 50% of the material taken from
the Earth’s Crust, generate about 40% of all greenhouse emission, the waste produced from
building materials, during the construction and demolition stage, are the source of 25% of all
waste generated in Europe , the Construction industry accounts for about the 10% of the GDP in
Europe , being the largest industrial sector in EU and representing a quarter of the total output
(Commission of the European Communities, 2004).
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ECONOMY
SOCIETY

• Security
• Health
• Education
• Cultural identity
• Empowerment
• Accessibility
• Stability
• Equality

SUSTAINABLE
DEVELOPMENT

• Growth of
employment
and income
• Eco – efficiency
• Economic
development
• Productivity

ENVIRONMENT
• Ecosystem integrity
• Reproducibility of natural resources
• Biodiversity

Figure 1. Sustainable Development: the three main pillars (or dimensions)

Unfortunately, a “sustainable construction” is mainly understood by many stakeholders just
as energy-efficient and/or green building. Indeed, the challenge of sustainability applied to
constructions is much more comprehensive.
According to the current trend, a sustainable construction shall optimize the environmental,
economical and social performances during the whole life cycle, reducing, at the same time, the
adverse impacts played on planet, people and economy. Several procedures and design
methodologies have been implemented in the framework of international research to solve the
problem of sustainable design and assessment of structures , but, so far, none of them consider
as a whole all the sustainability demands. As for the full integration of sustainability
methodologies, some of available procedures focus on technological issues (i.e environmental
and cost analysis), some others deal with structural aspects combined with cost and durability,
but an holistic approach is still lacking.
Following the previous considerations, this papers presents a sustainable based design
methodology for the selection between alternative retrofit interventions, including structural,
economic and environmental issue in the decision making process, applied to a case study.
2 AN INTEGRATED APPORACH FOR THE SUSTAINABLE SEISMIC RETROFITTING
OF EXISTING BUILDING
According to sustainable design and assessment of constructions, besides safety and
serviceability requirements, each structures shall achieve additional performance requirements,
such as environmental and economical requirements.
Sustainable structural design is a new methodological approach which integrates the basic
requirement of ordinary structural design with additional basic requirements related to the
optimization of environmental and economic performance over service life (Cascini et al. 2010).
The methodology presented in this paper is characterized by three main features as specified
below:
- multi-performance design approach: several requirement are defined such as enhanced
safety and reliability, reduced environmental impacts, optimized life-cycle costs.
- life-cycle oriented: each basic requirement shall be achieved during the whole life-cycle
of the construction. Life-cycle means to account for all the stages from the design to the
end of life, also considering the dismantling and recycling scenarios in a cradle-to-grave
vision. According to life-cycle thinking “time” is a variable of a project
- based on quantitative methodologies: performance requirements are expressed by
quantitative parameters.
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LCP Life Cycle Performance

LCA Life Cycle Assessment

LCA

LCC Life Cycle Cost

LCP
LCC

Integrated Approach

Figure 2. The idea: an Integrated Approach for Sustainable Design

The structural, environmental and economical performances are evaluated separately at first and
then combined to define a global results through the application of an integrated approach
(Figure 2). The proposed methodology for sustainable retrofitting technique of existing
buildings, can be described in five steps as described below (Figure 3):
STEP 1: Goal and scope definition. The first step of the methodology consists in the definition
of the main goal of the study. In this paper the aim of the assessment is the selection among
alternative retrofit interventions including sustainability issues in the decision making process.
STEP 2: Structural analysis. The second step consists of the evaluation of structural
performance during the entire lifetime (Life Cycle Performance, LCP). In this study the
structural performance of the SPEAR building is evaluated by the PsD tests considering
different limit states which corrisponds PGA values.
STEP 3: Economic analysis. At this stage, the estimation of the costs, in monetary terms, over
the whole life cycle (Life Cycle Cost, LCC) is performed. Costs related to construction,
operation, maintenance and repair (and sometimes demolition) of a building are evaluated.
STEP 4. Environmental analysis. The evaluation of environmental impacts is carried out by the
Life Cycle Assessment (LCA), according to the international standards ISO 14040: 2006 and
14044:2006. At design stage, LCA addresses the selection among different design options and it
helps to identify the life cycle stages associated with maintenance, repair and rehabilitation of
components
STEP 5: Integrated assessment. In order to define the sustainable/global result the previous
analysis (LCP, LCA, LCC) are integrated by the TOPSIS method.
STEP 1
Design of alternative seismic
retrofitting tecniques

STEP 2
LCP: Structural analysis

STEP 3
LCA: Environmental analysis

STEP 5
TOPSIS: Integrated analysis

Figure 3. Flow chart methodology
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3 THE CASE STUDY: THE SPEAR BUILDING
The SPEAR structure is a simplification of an actual three-storey building representative of
construction practice of the ‘60s and ‘70s in southern European countries, without specific
provisions for earthquake resistance (Figure 4).

Figure 4. The SPEAR building

Figure 5. Location of SPEAR Building)

The structure is a three-storey replica of an existing non-seismic reinforced concrete building,
full-scale tested at the ELSA Laboratory in the framework of the European research project
Seismic PErformance Assessment and Rehabilitation of existing buildings (SPEAR). A
thorough description of the aims and the experimental and numerical activity of the SPEAR
project is given elsewhere (Negro et al. 2004, Molina et al. 2004).
In this paper the results of previous studies for the evaluation of structural, economical and
environmental performances of the SPEAR are combined in the perspective of an integrated
sustainability assessment. The study presented in this paper was carried out starting from the
following assumptions:
1. the SPEAR building is designed for a residual service life of 20 years;
2. the building envelope is a continuous glass façade;
3. the structure is located in Campedei (BL), Italy (Figure 5).
This last assumption is important for the implementation of the inventory of LCA analysis and
for the definition of the seismicity: ID N. 10083 in the recent map of seismicity of Italy, DM
14/01/08 Norme Tecniche per le Costruzioni, which corresponds a peak ground acceleration of
0.25 g for a 475 years return period. The map provides a set of values of the peak ground
acceleration for a discrete set of return periods, along with an interpolation formula, so that the
peak ground acceleration can be obtained for any return period.
4 LCP: STRUCTURAL ANALYSIS
The SPEAR building is regular in elevation: it is a three-storey building with a storey height
of 3 meters. The plan configuration is non symmetric in two directions (Figure 6).
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Figure 6. Plan Configuration of SPEAR

Two different retrofitting techniques were applied to the specimen: Glass Fiber Reinforced
Polymer wrapping (GFRP) and Reinforced Concrete Jacketing (RC) (Figure 7). The retrofitting
strategies that were thus conceived aimed at tackling on one side the shortcomings of the
vertical elements in term of ductility supply (GFRP), on the other side at reducing the ductility
demand through the reduction of the rotational component of the response (RC jacketing).

Figure 7. GFRP and RC Jacketing

Three rounds of tests were carried out: the first one on the structure in the as-built
configuration, the second one in the GFRP-retrofitted configuration and the third one in the RCjacketed configuration. The seismic response of the SPEAR irregular specimen that came out of
the PsD tests in the as-built configuration were presented and discussed in detail in Negro et al.
(2004) and in Molina et al. (2004). The rehabilitation approach aimed at reducing demands by
reducing the strength eccentricity also proved to be effective. For a more detailed discussion on
the lessons learnt from the experimental results (Mola 2007).
The engineering measure defining damage was selected as the maximum interstorey drift at
the most affected columns (this to account for the torsional response, also considering that the
most affected storey turned out to be the second rather than the first).
Three limit states (LS) have been defined. The first limit state (LS1) was defined as lowdamage, i.e., damage to the glass façade and partitions. The second limit state (LS2) was
defined as heavy damage/loss of the façade. The third limit
limit state (LS3) was defined as severe
structural damage and, due to the intrinsic fragility of the structure in any configuration, was
taken as coincident to the fourth limit state to be considered, i.e. loss-of-the building/collapse.
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The drift thresholds defining low-damage and heavy damage/loss of the façade (LS1-LS2)
were provided by the producer of the façade system as 1% and 2% respectively. The PGA
values corresponding to the drifts, including the drift at failure, were obtained from the skeleton
curves obtained from the tests (Figure 8), and were treated deterministically.

Figure 8. Experimentally derived skeleton curves for the three configurations

The ultimate values for the GFRP-wrapped structure was obtained by extrapolating the
monotonic curve as explained before. Also, it has to be noted that the initial branch of the
skeleton curve for the GFRP-wrapped structure is softer than the one of the original structure,
which can only be explained by the damage suffered throughout the test sequence. For
consistency, it was decided to assume the first branch of the skeleton curve for the GFRPwrapped structure (up to a PGA of 0.2 g) to be coincident with the one of the original structure.
Table
1. PGA and drift values for the three configurations
_________________________________________________________________________________________
Limite States

Original Structure
FRP-Wrapped
RC Jacketed
________________________________________________________
Drift [%]PGA [g]
Drift [%]PGA [g]
Drift [%]PGA [g]
_________________________________________________________________________________________

_

LS1
1
0.0773
1
0.0773
1
0.0870
LS2
2
0.1533
2
0.1533
2
0.1739
LS3/4
3.54
0.2
5.94
0.3173
2.29
0.2
_________________________________________________________________________________________

5 LCC: LIFE CYCLE COST ANALYSIS
To provide clearer insights about the relative advantages and disadvantages of the two
approaches, a practical cost-benefit analysis was carried out in a previous study (Negro et al.
2008).
The Life Cycle Cost analysis consisted into the evaluation of the costs associated to each
rehabilitation measure and the expected losses during the remaining life-span of the building for
all the defined limit states. In the evaluation of the costs of the rehabilitation measures and of
the repair/replacement actions needed after each damage state, both the cost of the technical
intervention and the costs associated to the limitation in use of the building were considered.
An assumption, affecting the cost estimates, was made: the floor system was of the floating type
(i.e., easily dismountable and re-mountable), and partitions and ceilings were amenable to easy
access to the structure.
The costs associated to each of rehabilitation measures have been evaluated with reference to
the real building and occupancy. GFRP-wrapping will require 70,000 EUR for the placement of
the laminates, 6000 EUR for dismounting, remounting and painting, plus 32,000 EUR for dayoff costs (these include: moving the contents of the offices forth and back, providing new
services and publicity, loss of productivity, renting of a similar building for the time required,
estimated in three weeks for the very intervention, but affecting the office activity for four
months). The total estimated cost of the intervention is therefore about 108,000 EUR. RCjacketing will take place with no disruption, or with limited disruption of the office activity. The

452

Part III – Case Studies
______________________________________________________________________________________________________

cost of the intervention itself is 10,000 EUR. The day-off cost was estimated by assuming that
the activity in the building would not be discontinued; however, a small new office would still
have to be rented. The intervention will last 9 weeks and will affect the activity for three
months. The total day-off cost is then 30,000, summing up to a total cost of 40,000 EUR.
Three limit states were defined in section 3 and the associated costs were computed.
The cost related to the attainment of LS1 was estimated as a percentage of the cost of the
façade (180,000 EUR), in 36,000 EUR. The cost associated to LS2, corresponding to heavy
damage/loss of the façade was estimated in 180,000 EUR. As for LS3, the corresponding cost
is the demolition-reconstruction cost 570,000 EUR. The estimate of the day-off costs was
computed on the basis of a 16 months period as 90,000 EUR, summing up to 660,000 EUR. The
following step was to compute the probability of exceedance for the so obtained PGA values.
The new Italian seismic map provides the PGA values for a discrete set of return periods,
starting from a return period of 30 years. It also provides a formula for interpolating those
values; moreover, the user is advised that the formula is valid only for return periods larger than
30 years, which is the case at hand. The interpolation formula provided is thus applied:
 a g2 


 ⋅ log TR  ⋅ log TR 2 
log(a g ) = log(a g1 ) + log
T 


 a g1 
 R1    TR1 



−1

(1)

In formula 1, ag is the generic PGA value for which the corresponding return period TR must
be computed and agi and TRi are the two closest tabulated values of the parameters. By solving
the formula for TR, with the previously determined ag values, the corresponding return periods
were determined. The probability of exceedance in N years RN was then obtained from the
formula:

1 

R N = 1 −  1 −
 TR 

N

(2)

In formula 2 formula, N was set to the expected lifespan of the structure, i.e., 20 years. The
probabilities of exceedance in 20 years could therefore be computed and are shown in Table 2.
Table
2. Return periods (TR) and probabilities of exceedance (R20)
_________________________________________________________________________________________
Limite States

Original
Structure
FRP-Wrapped
RC Jacketed
_________________________________________________________
TR [years] R20 [%]
TR [years]R20 [%]
TR [years]R20[%]
_________________________________________________________________________________________
LS1
40.72 39.18
40.72 39.18
49.26 33.650
LS2
151.84 12.38
151.84 12.38
199.23 9.573
LS3/4
276.20
6.997
851.52
2.406
276.20
6.997
_________________________________________________________________________________________

Having computed the costs Ci associated to the attainment of each limit state, and the
associated probability of exceedance R20i, one can compute the total expected loss L in each
configuration by direct application of the total probability theorem as:
L=

∑ C i ⋅ (R 20i − R 20i +1 )

(3)

i

The total loss expected in 20 years is given in Table 3.
Table
3. Return periods (TR) and probabilities of exceedance (R20)
_________________________________________________________________________________________
Original Structure [€]
FRP-Wrapped [€]
RC Jacketed [€]
_________________________________________________________________________________________
Total Loss
65,448.05
43,458.25
59,416.45
Investment
107,500 .00
39,500.00
_________________________________________________________________________________________
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In terms of reduction of total expected loss, the GFRP-wrapped solution turns out to be by far
the most effective, since the total expected loss is reduced to one fourth of the one of the
original structure. On the other hand, the advantage in terms of reduction of the deformability
due to torsional response which was offered by the RC-jacketed structure is not reflected in the
corresponding total expected loss, which is reduced by a mere 15% with respect to the original
structure. In terms of return of investment, it has to be noticed that none of the rehabilitation
strategies has economic justification. However, it has to be recalled that neither possible
casualties were accounted for in the analysis, nor the risk of loss of the contents was considered.
These issues, if properly accounted for, might change the last conclusion. It must also be
recalled that the same comparative assessment of the two rehabilitation strategies, if conducted
for larger eccentricities, might yield different conclusions.
6 LCA: LIFE CYCLE ASSESSMENT
6.1

Conceptual basis of Life Cycle Assessment (LCA)

The Life Cycle Assessment (LCA) methodology used in this study follows the stages
outlined by International Organization for Standards (ISO) 14040.
The four major stages of the LCA applied contain:
1. Goal and scope definition, including the analysis of system boundaries
2. Life cycle inventory
3. Life cycle impact analysis
4. Life cycle interpretation and suggestions for improvement
1. The Goal and Scope Definition phase describes the overall objectives, the boundaries of
the system under study, the sources of data and the functional unit to which the achieved results
refer.
2. The Life Cycle Inventory (LCI) consists of a detailed compilation of all the environmental
inputs (material and energy) and outputs (air, water and solid emissions) at each stage of the life
cycle.
3. The Life Cycle Impact Assessment (LCIA) phase aims at quantifying the relative
importance of all environmental burdens obtained in the LCI by analysing the relative influence
on the selected environmental effects. The general frame work of an LCIA method is composed
of mandatory elements (classification and characterisation) that convert LCI results into an
indicator for each impact category, and optional elements (normalisation and weighting) that
lead to a unique indicator across impact categories using numerical factors based on valuechoices.
4. In the Life Cycle Interpretation phase, results of the LCI and LCIA stages must be
interpreted in order to compare alternative scenarios.
6.2

Stage 1: Goal and Scope Definition

Climate change is one of the most prominent environmental problems of today and the CO2
emissions in atmosphere are crucial to global warming.
In this context, the aim of this study is to assess and compare the best solution (in terms of
CO2 tones) between two different retrofitting strategies applied to the SPEAR Building: GFRPwrapping and RC-jacketing ( Dattilo et al. 2010, Dattilo 2010).
The system boundaries are defined according to the entire life-cycle, from the raw material
extraction to the moment they totally lose their value (land filling or recycling). In particular,
three main steps were considered: 1. pre use phase, 2. construction/use phase and 3. end of life
phase.
The ‘pre use’ phase consists of the production of retrofitting materials.
The ‘construction/use’ phase encompasses all activities related to the site construction,
including the transportation from the location where they are produced to the construction site
where the retrofitting operations will be realized.
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As the last step, the ‘end of life’ phase includes the transportation from the site construction
to the waste treatment plant and all activities related to recycling, landfill and incineration
examined in this specific study.
All the details about system boundaries of the two retrofitting solutions are reported in Figure
9 and Figure 10.

Epoxy adhesive

Epoxy plaster

Primer

Epoxy injection

GFRP laminates

PRODUCTION

PHASE 2
TRANSPORT TO CONSTRUCTION SITE

3° epoxy resin layer

2° GFRP ply

epoxy resin layer
2°

1° GFRP ply

1° epoxy resin layer

Primer

Cleaning of substrate

Sealing of cracks

INSTALLATION

CONSTRUCTION/USE

LIFE CYCLE - ‘From cradle to grave’

PRE-USE

PHASE 1

PHASE 3

END OF LIFE

TRANSPORT TO WASTE TREATMENT PLANT
INCINERATION

Figure 9. System boundaries of GFRP laminate

Italy is the geographical limit in this LCA analysis; SimaPro v. 7.1.8 software application
was used as supporting tool in order to implement the LCA model and carry out the assessment.
6.3

Stage 2: Life Cycle Inventory (LCI)

The inventory analysis was realized considering all the processes and activities (in terms of
materials or energy) included into system boundaries (see Stage 1).
Most of the data used to model the inventory comes from databases included in the SimaPro
software. In particular, Idemat 2001 and ETH-ESU and Ecoinvent databases were the data
source for product materials and steel recycling, the BUWAL 250 database for transport
operations, electricity and diesel use.
The data not included in default databases are from literature and are used to create and
implement the processes not found in the software analysis.
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Concrete

Steel bars

Iron wedges

Iron ties

Timber formwork

PRODUCTION

PHASE 2
TRANSPORT TO CONSTRUCTION SITE

Formwork removal

Installation of concrete

Installation of bars

Substrate Cleaning

Cover removal

INSTALLATION
CONSTRUCTION/USE

LIFE CYCLE - ‘From cradle to grave’

PRE-USE

PHASE 1

PHASE 3
TRANSPORT TO WASTE TREATMENT PLANT

Concrete to landfill

Recycling steel

Recycling iron

END OF LIFE

WASTE TREATMENT

Figure 10. System boundaries of RC-jacketing

An example of inventory, realized using SimaPro, is given in Figure 11 and Figure 12: a
network diagram shows the contribution of each process (in percentage, %) necessary to the
installation of the two retrofitting operations. The processes for the GFRP installation are:
1. Sealing of the cracks;
2. Cleaning of the substrate;
3. Application of primer;
4. Application of the 1st epoxy resin layer;
5. Installation of the 1st GFRP ply;
6. Application of the 2nd epoxy resin layer;
7. Installation of the 2nd GFRP ply;
8. Application of the last epoxy resin layer.
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Figure 11. SimaPro output: installation of GRFP

In the case of RC jacketing installation the processes are:
1. Cover removal
2. Cleaning of the substrate
3. Formwork construction
4. Installation of cast-in place concrete
5. Formwork removal

Figure 12. SimaPro output: installation of RC jacketing

As far as production and transportation of concrete and cement are concerned, it was assumed
that such products were manufactured in existing plants by local producers. Steel reinforcing
bars were assumed to be produced according to the average processes that characterize the
European steel industry.
About the transportation of retrofitting materials from production plant to construction site,
distances to Campedei were calculated assuming that:
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- GFRP wrapping and all material used for its installation were produced by MAPEI S.P.A.
located in Milan, Italy.
- The materials to install RC-jacketing were produced by different plant; in particular concrete
was transported from Vittorio Veneto (Treviso, Italy), steel reinforcing bars from Suzzara
(Mantova, Italy).
For the waste scenario it was supposed that:
- The glass fiber and plastics were incinerated.
- The reinforced steel was recycled and the concrete was land filled.
Concerning the transportation, it was assumed that recycling station, land filing and
incineration plant were situated in average at 200 km from the site; i.e. for each ton recycled,
200 km of transportation are accounted for. Track 16 B250 from database BUWAL 250 has
been used in SimaPro.
6.4

Stage 3: Life Cycle Impact Assessment (LCIA)

The input Life Cycle Assessment is a process to evaluate the environmental burdens
associated with a product, process, or activity by identifying and quantifying energy and
materials used and wastes released to the environment (SETAC, 1993). The life-cycle or cradleto-graves impacts include the extraction of raw materials; the processing, manufacturing,
fabrication of the product; the transportation or distribution of the product to the consumer; the
use of the product by the consumer; the disposal or recovery of the product after its useful life.
In the present study, the analysis of environmental impacts, derived from the produc-tion
(pre-use phase), installation (use phase) and waste treatment (end of life phase) of the two
retrofitting measures, was carried out using IPCC 2007 GWP 500 method, included in SimaPro
v.7.1.8 software.
This method, developed by the Intergovernmental Panel on Climate Change (IPCC), was
characterized by a system of equivalence factors to weigh the various substances as a function
of their efficiency as greenhouse gases. In this way it is possible to calculate the so called
Global Warming Potential" (GWP), considering the total effect given by the investigated
substances in terms of CO2 emissions. The conversion factors are calculated for three different
time horizons: 20, 100 and 500 years.
For example, the Table 4 includes conversion factors for 100 and 500 years; we can observe
that when time horizon is higher the impact factor is lower, because it was assumed that they
have a reaction in the atmosphere with the other components causing degradation and a lower
effect.
In this case, environmental impacts are calculated for a climate change factor with a
timeframe of 500 years.
Table 4. Characterization factors for greenhouse gases. GWP Potential
_________________________________________________________________________________
Chemical compound

Formula

Conversion factor
_____________________________

100 years
500 years
_________________________________________________________________________________
Fossil carbon dioxide
CO2
1
1
Carbon monoxide
CO
2
2
Nitrous oxide
N 2O
320
180
Methane
CH4
25
8
Non
methane volatile organic
NM-COV
25
_______8
_________________________________________________________________________________

In this study, the environmental impacts are calculated for a climate change factor with a
time-frame of 500 years.
6.5

Stage 4: Life Cycle Interpretation (LCI)

The results were made in terms of CO2 emissions, using the environmental impact category
(GWP) analyzed by IPCC 2007 method.
The environmental impacts produced by GFRP laminates during its life cycle are plotted in
Figure 13.
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Figure 13. SimaPro output: results of impact assessment for GFRP wrapping

In particular, the graph illustrates that epoxy resin used for the installation of GRFP is the
largest contributor to the climate change with 54% out of total.
Figure 14 describes the results related to environmental effects generated by RC jacketing. In
this case, the production of reinforcing steel is largest fossil fuel user (45% of the total), while
the recycling steel and iron has negative impact as it contributes in 29% in the total impact.

Figure 14. SimaPro output: results of impact assessment for RC jacketing

Lastly, the impacts of GFRP wrapping have been compared to those created by RC jacketing,
to find out the best result in terms of environmental impacts.
The bar chart in Figure 15 shows the SimaPro output, in which red bar represents GFRP
wrapping and green bar is RC jacketing.
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1,35

S1: GFRP Wrapping

0,817

S2: RC Jacketing

Global Warming Potential (GWP)

Figure 15. SimaPro output: results of impact assessment using the IPCC 2007 GWP 500a method

The results of LCA analysis show that CO2 emissions produced by GFRP wrapping (1.35
tons CO2) are higher for 60% than those formed by RC jacketing (0.817 tons CO2).
7 APPLICATION OF INTEGRATED METHODOLOGY AND RESULTS
The last step of the proposed methodology consists in the application of the TOPSIS method
(Tecnique for Order Preference by Similarity to Ideal Solution) for the definition of a preference
ranking between the design alternatives (Figure 16). Further details about the theoretical
background of the selected multi criteria decision making methods can be found in Portioli et al.
(2010). An application of this method for the evaluation of structural and economic
performances of alternative retrofit intervention to selected case study can be also found in
Caterino et al. (2009). Respect to this application, the present study considers different
evaluation criteria with a specific focus on sustainability issue.
SUSTAINABLE

seismic retrofitting
tecniques

C1
PGA 1 (SLE)

C2
PGA 2 (SLU)

A1
GFRP

Goal

C3
LCA

C4
LCC

A2
RC Jacketing

Criteria

Alternatives

Figure 16. A representation of the decision tree. Two alternatives, the GFRP wrapping (A1) and the RC
jacketing (A2), are compared with 4 criteria

TOPSIS method is based on the assumption that the best alternative should have the shortest
distance from an ideal solution and the farthest distance from the negative-ideal solution. It is
assumed that each criterion has a tendency of monotonically increasing or decreasing utility.
The preference order of the alternatives is obtained on the basis of these relative distances. In
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particular, following the determination of the relevant criteria and the attachment of a numerical
measure to them, the method can be articulated in six main steps as depicted in Figure 17.
STEP 1

Calculate the normalized decision matrix [R]

STEP 2

Calculate the weighted normalized decision matrix [V]

STEP 3

Determine the positive ideal (A+ ) and negative ideal solution (A-)

STEP 4

Calculate the separation measures (Si) of each alternative from
positive ideal (Si+) and negative ideal solution (Si-)

STEP 5

Calculate the relative closeness to the ideal solution (Ci+ )

STEP 6

Rank the preference order

Figure 17. The six step of the TOPSIS method

For the analysis of the case study, four criteria were considered, namely the peak ground
acceleration corresponding to maximum interstorey drift at slight damage (C1) and near
collapse limit states (C2), life cycle environmental impact by means of CO2 emission (C3) and
the total monetary loss expected in 20 years (C4). The GFRP wrapping technique (A1) and the
RC jacketing technique (A2) have been compared with the four criteria.
As first step of the method, the relative weights of the criteria (w1,...w4) have been calculated
on the basis of the Pairwise matrix (Table 5) which is a symmetric matrix where each entry ai,j
represents the relative importance of the criterion Ci when it is compared with the criterion Cj..
According to the Fundamental Scale of Relative Importances (Saaty, 2008), the entry “1”
represents an equal relative importance, the entry “2” a slight favor of Ci compared to Cj.
Table 5. The Pairwise matrix
C1
C2
C1
1
1/2
C2
2
1
C3
1
2
C4
1
1/2

C3
1
1/2
1
1/2

C4
1
2
2
1

The relative importance of the alternatives in terms of each criterion has been defined
according to the subjective judgments expressed by the authors and the consequent pairwise
comparison matrix results to be consistent, being the Consistency Ratio (CR) smaller than 10%
(Portioli et al, 2010). It is worth to note that a more detailed analysis shall report the opinion of
largest number of experts, i.e. a forum of experts coming from different field of expertise, in
order to reflect a more objective judgment on the relative importance of criteria. For the purpose
of this study it is assumed that the forum of experts is composed by the group of authors.
The next steps involve the construction of the normalized decision matrix R (Table 6) and the
generation of the weighted normalized decision matrix (Table 7) by multiplying the columns of
matrix R with weights of criteria (w1, w2, …, wn) estimated by the decision maker.
Table 6. The normalized decision matrix R
C1
C2
C3
A1
0.0773
0.32
1350.00
A2
0.0870
0.20
817.00

C4
43,080.95
59'487.23
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Table 7. The weighted normalized decision matrix V

C1
0.13
0.15

A1
A2

C2
0.24
0.15

C3
0.29
0.18

C4
0.10
0.14

Assuming that the benefit criteria are maximized (minimized) and the cost criteria are
minimized (maximized), the positive (negative) ideal solutions are reported in Table 8.
Table 8. The positive ideal (A+) and negative ideal solution (A-)
A+
A-

0.15
0.13

0.24
0.15

0.18
0.29

0.10
0.14

The separation measure Si* and Si- of different alternatives from ideal solutions, have been
calculated according to equations (4-5):
n

Si* =

∑ (v

ij

− v j* ) 2 for i=1,…,4

(4)

ij

− v j- ) 2

(5)

j=1
n

Si- =

∑ (v
j=1

The best alternative is the one with the shortest distance from ideal solution, that is the one
which maximizes the relative closeness index Ci*, calculated as follows:
Ci* =

SiS i* + S i-

(6)

The results of the multicriteria analysis illustrate that, according to the previous assumptions and
following the subjective judgement expressed for the selected criteria, RC jacketing (A2) is the
preferable solution between the two alternatives .

Ci+max

Table 9. The preference ranking and relative closeness index
Ci*
Preference Order
A1: GFRP
0,46
2
A2: RC Jacketing
0,54
1
0,56

0,54

0,54
0,52
0,50
0,48
0,46

0,46

0,44
0,42
0,40

GFRP

RC Jacketing
Alternatives

Figure 18. A representation of the relative closeness index of the two retrofitting alternatives

A sensitivity analysis on the weights has been carried out in order to define the most critical
criterion (Triantaphillou, 2000). To this end the Percent top critical criterion has been evaluated
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and it results that two over four criteria (C2, C3) are very sensitive to the expressed judgment
because relatively small alteration in that weight produce a sudden change in the alternative
ranking.
8 CONCLUSIONS AND NEED FOR FURTHER DEVELOPMENTS
An integrated assessment method was used to compare the performance of the SPEAR
building in the two conceptually different rehabilitated configurations. The method was based
on the direct application of the TOPSIS method. The costs associated to each rehabilitation
measures were assessed according to engineering practice, including the consequences of the
occupancy limitations. With the same approach, the losses corresponding to the attainment of a
number of damage limit states were computed. The maximum interstorey drift was assumed as
the measure of damage, and was related to the peak ground acceleration in a deterministic way
by using the experimentally obtained skeleton curves. The values of the peak ground
acceleration were converted into return periods by using the most recent Italian seismic map,
and those were converted into probabilities of exceedance. Finally, by summing the
contributions of all the limit states, to total expected loss over the assumed remaining life-span.
To evaluate the environmental performances of the retrofitting strategies, a LCA analysis was
carried out. As a matter of fact, life cycle assessment makes an important part of the “life cycle
approach” as a tool to support decision making in term of environmental impacts.
In this study, GFRP-wrapping and RC-jacketing have been evaluated and compared
considering CO2 emissions produced not only in environmental but also in economic terms. It is
found that environmental emissions of GFRP are superior to the RC jacketing; indeed in the
waste treatment the incineration of glass fiber has a higher impact than the steel recycling and
the concrete land filling.
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ABSTRACT: It is estimated that the building sector is responsible to 30-40% of the energy use
worldwide. Over the past years, reducing energy demand during the usage stage of a building
has become a priority for minimizing the environmental impact related to the building sector.
Even though it is extremely important to reduce the energy during the operational stage, recent
studies have highlighted that solutions to achieve low energy demand can lead to an unnecessary large increase of the embodied energy of buildings. Life cycle assessment (LCA) is a useful approach to understand these relations regarding a building´s environmental impact in different life cycle stages. This paper presents a case study of a residential house in Sweden
designed to be a low energy building. A basic tool for analyzing operational energy use and
contributions to climate change in a life cycle perspective is used to suggest further potential
improvements of this house. The study shows that the use of this type of building assessment
tool during the design phase can provide useful insights and help when aiming at improving the
environmental performance of a building. The results of different scenarios tested in this case
study shows that a careful material choice as well as to improve the space efficiency of the
house are crucial factors to decrease the contributions to climate change.

1 INTRODUCTION
Buildings play a significant role to decrease society´s greenhouse gas emissions and also to assure energy security in medium and long term (Fay et. al, 2000). It is estimated that the construction industry annually uses 30-40% of the world energy (UNEP, 2007).
Reducing energy demand during the operation of buildings has become a priority to decrease
the environmental impact of the building and construction sectors. Over the past years different
efforts have been made to reduce the energy demand and different definitions of low energy
buildings have emerged, such as passive houses, zero carbon houses, positive energy houses,
etc. Mostly, these concepts focus on achieving energy efficiency during the use stage.
Even though, it is extremely important to improve energy efficiency during the operation
stage of buildings, it should be stressed, that there are also other environmental aspects to be
faced. The life cycle of a building starts from the extraction of natural resources for the manufacture of building materials until the demolition and disposal of construction wastes. It consumes a lot of energy during the whole life cycle and along with low-energy concepts entering
the market, more emphasis has started to be paid also to the energy use and environmental impact related to other life cycle stages of buildings. For instance, Marsh et al. (2000) showed that
the use stage accounted for 40-95% in a number of new, two-storey buildings in Denmark. And
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the constructions of buildings have shown to form to a considerable part of the contributions to
climate change of the Swedish building sector (Toller et al, 2010).
Besides the contribution to global warming from energy use, the building sector also contributes to other environmental impacts such as resource depletion, biological diversity losses,
acidification, toxicity, etc. (Kofoworola and Gheewala, 2008; Fay et. al, 2000; Bribia´n et. al,
2009). Accordingly, the life cycle assessment (LCA) methodology is an important environmental assessment approach to understand the impact related to the sector and as a consequence, to
give suggestions on environmental improvements.
There are many applications of LCA in the building sector; it can be applied to building
products and building components as well as to a single or a group of buildings. Due to the
large amount of data required, the use of a software tool is recommended. Most LCA tools include databases that contain data regarding emissions from building material manufacture and
different sources of energy (Malmqvist et al, 2010; IEA, 2001). Current tools which can be
used for assessment of buildings may be divided into basic, medium and advanced (Malmqvist
et al, 2010). The basic LCA tools normally cover one or two impact categories with basic calculations in excel sheets (Bribia´n et. al, 2009; Malmqvist et. al, 2010). Medium tools provide
more complete LCA studies, normally covering a majority of the life cycle stages and different
impact categories. Some of them also include calculations of life cycle costs. Examples of medium tools are: Ecosoft, EcoEffect, Athena, Equer, Eco-quantum, Jomar, Legep, Becost, Envest
2 (Bribia´n et. al, 2009; Glaumann et al, 2010).
General and comprehensive LCA tools like SimaPro and Gabi are classified as advanced
tools. They provide a more detailed LCA and leave more methodological options for the user to
decide. They can also be used by the building sector but they are more recommendable for the
assessment on the building material and component level (Bribia´n et. al, 2009; Glaumann et
al, 2010).
1.1 Goal and objectives
This paper presents a case study of a residential house in Sweden. A basic LCA tool, ENSLIC
BASIC ENERGY & CLIMATE TOOL, have been chosen to make an analysis of contributions to
climate change and to suggest potential improvements for the house. The objective of the paper
is thus to discuss the use of such basic tools for improving the environmental performance of
buildings in a life cycle perspective. The paper is based on the main author´s Master thesis
project at the Royal Institute of Technology in Stockholm (Nakao, 2010).
2 CASE STUDY
The Ross Arkitektur & design AB is a Swedish company founded in 1996 in Stockholm by Paul
and Deirdre Ross. The office concept is to develop houses that have a low energy demand, good
indoor air quality and long life. Currently the company is developing a new project for a residential house in Uppsala which is aimed to be a net zero energy building (ZEB). To be considered as a ZEB a building should produce enough energy or exceed its annual demand (Hernandez & Kenny, 2010). In the case study building this is achieved by the use of photovoltaics
and solar panels.
The building under study is a single family house projected to be built in Uppsala, Sweden.
The usable floor area is 173 m2, designed for a family of four people. The house has two floors
(122 m2 1st floor, 51 m2 2nd floor): a hall, a bathroom, a kitchen, a living room and two bedrooms downstairs, and a library, a bathroom, a master bedroom and a dressing room upstairs
(Figures 1-3). Table 1 shows general information of the building.
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Table 1. General information of the case study building.
Architect
Year of design
Location
Building type
Average ambient temperature
Usable floor area
Heated floor area
Designed numbers of users
Indoor air temperature
Air change rate
Basic construction
Local energy recovery and supply

Ross Arkitektur & design AB
2010
Uppsala, Sweden
Residential
5,7 °C
173 m2
173 m2
4
20 °C
0,4 of the volume/hour
Insulated Concrete Form
Yes

Figure 1. Case study building, floor 1.

Figure 2. Case study building, floor 2.
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Figure 3. Case study building, facade.

The project is designed with the same construction used in most of the projects of the company; Insulated Concrete Form (ICF). Table 2 shows the specifications of the building elements. In the studied case the reduced energy demand is achieved by local renewable energy
production and improved thermal properties. As shown in Table 3, the electric grid is theoretically used as a store since the energy from the photovoltaics and solar panels are produced during the summer and used during the winter.
Table 2. Specifications of the building elements.
THICKNESS
(mm)

U-VALUE
(W/m2K)

External wall (EPS, Reinforced concrete,
Polyethene, Wood, Gypsum, Plaster)

514

0,15

Roof (Gypsum, Wood, Rockwool, Wood,
Air gap, Aluminum)

643

0,09

Basement (Concrete, Plastic film, EPS)

500

0,09

Floor Structure (Gypsum, Wood, Concrete)

306

Not relevant

Internal wall type 1 (Concrete lightweight,
Plaster)
Internal wall type 2 (Concrete lightweight,
Plaster)
Window (Wood, Glass, Air gap)

150
120

Not relevant

Not relevant

0,8

Door (Wood, Glass, Air gap)

Not relevant

1,2
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Table 3. Specifications of energy use and supply of the studied building.
kWh / m²,year
Electricity use
57,9
Heat use
68,4
Total energy use
126,3
Photovoltaics
Small wind turbine (1.7 radius)
Total local electricity supply

-65,5
-2,6
-68,1

Heat pump (Air)
Solar panels
Total local heat supply
Total local energy supply

-45,6
-12,7
-58,3
-126,5

3 METHODOLOGY
The contributions to climate change as well as the energy use were calculated with the basic
LCA tool “ENSLIC BASIC ENERGY & CLIMATE TOOL” developed by the Royal Institute of
Technology (KTH). This tool gives a rough calculation of contributions to climate change related to building material production. In addition, it enables estimations of the energy use during the operation stage. Even though the calculation of climate change contribution only relates
to two life cycle stages, these cover the majority of the impact of the life cycle. This precision
has been judged to be feasible for this tool since it mainly aims at being a tool for working with
improvement options in early design stages.
The tool includes emission data for Swedish conditions. The emissions of construction materials were provided by Swedish manufacturers, sometimes complemented with Ecoinvent data,
and data for energy carriers based on Swedish sources (Malmqvist et. al, 2010). The contribution to climate change was calculated by the tool in CO2 equivalents based on GWP 100 values
(Global Warming Potential values with a time horizon of 100 years) from IPCC 2007.
The tool enables calculation of contributions to climate change related to the production of
the main building materials used in the building structure, excluding raw finishing and decorating, electrical and plumbing material. The contributions to climate change related to the operation stage relates to the energy demand for heating, ventilation, hot water and electricity.
According to the European Committee for Standardization (CEN 350) the functional unit of
a building should be set according to the function of the building. Therefore, the functional unit
in this case study is “a Swedish residential house designed for 4 people, with an indoor temperature of 20 °C and an air exchange rate of 0,35 l/s m2 during an anticipated life time of 50
years”.
4 RESULTS
4.1 Analysis of contributions to climate change
As it was explained before, the case under study is aimed to be ZEB. The total local renewable
energy production is estimated to make the building self sufficient on a yearly basis. Looking
only at the operational stage regarding energy production at the site, the manufacturing of
building materials represents 100% of the contribution to climate change. This contribution
stands for a total of 4,4 kg CO2-equiv./m2,yr without waste at the construction site (Table 4).
The material for external walls is the part of the building structure that contributes the most to
the impact on climate change. The external walls consist of 140 mm of concrete, 330 mm of
EPS, 12 mm of wood, 13 mm of gypsum and 3 mm of plaster.
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Table 4. Used amounts and contribution to climate change related to different building element without
waste at construction site.
kg/m2

%

kg CO2-equiv./m2,yr

%

External walls including
windows and doors

475

58%

1,7

38%

Attic

37

5%

1,2

26%

Basement

44

8%

0,5

12%

Slabs

160

20%

0,4

10%

Internal walls

80

10%

0,6

14%

Total

797

100%

4,4

100%

Table 5. Contribution to climate change related to different building materials including waste at the
building site.
MATERIALS

kg CO2- equiv.

%

Aluminum
Concrete, lightweight
Concrete, reinforced

6.055
8.064
14.308

15%
20%
35%

Glass

1.143

3%

Gypsum, plaster board

1.546

4%

Insulation, Polystyrene, EPS

3.667

9%

Insulation, Rockwool

3.590

9%

549
829
592

1%
2%
1%

40.343
807
4,7

100%

Plaster
Polyethene
Wood
Total
Per year
Per year and m2

Table 5 shows the materials that contribute the most to climate change. As can be observed
the concrete contributes to the dominant part, 55%, since the production of concrete requires a
large amount of energy, and since it is the material mostly used in the building.
4.2 Potential improvements for the house
Based on these calculations, different scenarios were performed with the aim to find
improvement measures that would enable a further reduction of the contribution to climate
change.
The result shows that the manufacture of the external walls and roof materials building contributes most to climate change. As it was showed in table 5 the use of concrete plays an important role. Thus, in order to try to reduce the emissions that come from the construction of walls,
three scenarios trying to reduce and avoiding the use of concrete were tested:
Scenario 1 – Wood wall (WW)
Scenario 2 – Rockwool reduction (RR)
Scenario 3 – Space Efficiency (SE)
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Scenario 1 – Wood wall (WW)
The same building design as well as the same local energy production, but a wooden structure of the external walls was assumed. This construction method was chosen according to the
specification of a typical passive house in Sweden. The details of this construction include:
−
−
−
−
−
−
−
−
−
−

13mm plasterboard (fraction of Layer 100%)
70mm cellulose fibre insulation (fraction of Layer 100%)
70mm Wood (fraction of Layer 20%)
12 mm Polystyrene, EPS (fraction of Layer 100%)
120 mm cellulose fibre insulation (fraction of Layer 100%)
145 mm cellulose fibre insulation (fraction of Layer 100%)
145 mm Wood (fraction of Layer 20%)
9 mm Wood (fraction of Layer 100%)
22 mm Air (fraction of Layer 100%)
22 mm Wood (fraction of Layer 100%)

Scenario 2 – Rockwool reduction (RR)
As the production of the insulation Rockwool also contributes significantly to climate change
in the original building, a second scenario reducing the thickness of Rockwool was considered.
A reduction from 500 mm to 300 mm thickness of the Rockwool in the roof was calculated.
Scenario 3 – Space Efficiency (SE)
Exclusion of the round space of the first floor and using the open space as a floor area of the
second floor.
The size of a building relative to its function is also an important measure since a larger
building consumes both more materials for the construction and more energy for operation than
a smaller one with the same construction and the same function. At the environmentally developed area Bo01 in Malmö the space per user in dwellings varied between 23-75 m2/resident.
Here this number is 43 m2/resident and it could be reduced considerably without getting a too
narrow dwelling, which constitutes the third scenario.
Figure 4 shows a comparison between the original building (OB), WW, RR and SE. As can
be observed from the calculations of the same building design avoiding the use of concrete and
Rockwool insulation can reduce significantly the contribution to climate change in a life cycle
perspective.

5
kgCO2-eq/m²,yr

4
3
OPERATIONAL

2

MANUFACTURING

1
0
-1

OB

WW

RR

SE

Figure 4. Contributions to climate change for alternative designs of the case study building (OB= original
building, WW= wooden construction of external wall, RR= Rockwool reduction in the insulation in the
roof, SE = Space efficiency).
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The WW scenario contributes with 3,2 kg CO2-eq/m2,yr showing a potential reduction of
29% compared to the OB. In the WW scenario the external walls basically consist of wood and
cellulose fibre insulation, which are materials that compared to concrete and Rockwool insulation cause less emissions of greenhouse gases during the production. It was also noticed that the
WW scenario had less energy losses through the walls than the OB, but it is not a large difference.
Regarding the RR scenario, Figure 4 shows that reducing the thickness of the insulation in
the roof affects the transmission losses and increases the energy required to heat the building.
However, on the basis of an analysis over a 50 years lifetime the total contribution to climate
change is almost the same as in the original building.
The calculation of the scenario SE shows that improving the space efficiency of the construction is a good strategy to decrease the emissions of greenhouse gases during both the manufacturing and operational life cycle stages. The SE scenario contributes with a total of 3,7 CO2eq/m2,yr, showing a potential reduction of 18%. The importance of this strategy becomes even
more clear when calculating the emissions per designed number of users instead, Figure 5.

250
kgCO2-eq/pers,yr

200
150
OPERATIONAL

100

MANUFACTURING

50
0
-50

OB

WW

RR

SE

Figure 5. Contributions to climate change calculated per designed number of user.

By reducing the open space of the second floor it is possible to add another room for two residents at the second floor. The OB is planned for four residents but with alterations within the
square area it becomes possible to accommodate seven residents in the same building corresponding to a space efficiency of about 25 m2/resident. This is the reason why the SE scenario
displays a very low impact per person compared to the other studied scenarios, only 99 kg CO2eq/pers, yr. In this perspective, the SE scenario shows a potential reduction of contributions to
climate change of 52% and the WW scenario of 27% in comparison with the original building.
5 CONCLUSION
A lot of efforts have been put on decreasing the environmental impacts related to buildings´ operational stage. However, recently more attention is starting to be paid to the energy use also of
other life cycle stages of a building. Hence, life cycle assessment is an important approach to
understand the impacts related to the building and construction sectors and to visualize the inter-dependency of different life cycle stages.
This case study application shows how a basic LCA tool for buildings can be used to roughly
analyze the environmental impact, in this case the contribution to climate change, of different
design choices of a building. In this example, the manufacturing of building materials stands for
a considerable proportion of the impact in the original design of the building. The case is
somewhat special since it has local, renewable energy production and therefore has low greenhouse gas emissions related to the operational stage of the building. To use the electric grid as a
store of electricity, is however doubtful.
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This basic tool actually gives that the manufacturing of building materials of the case study
building represents 100% of the contribution to climate change. More specifically, the tool
enabled the analysis that external walls and roof were the building elements causing a majority
of the impact. Of individual building materials, the reinforced concrete contributes most to climate change due to two main reasons; the production of concrete requires much energy for the
production and it is the material most used in the construction. In general, concrete and metals
have comparatively large contributions to climate change, which creates a relation between impacts and building weight.
The results from the different scenarios performed showed that it is possible to reduce or
avoid the use of the concrete without affecting the thermal characteristics of this house. It was
noticed a potential reduction of 29% of greenhouse gas emissions by replacing the external
walls constructed with EPS and concrete into wood. Although, it should be stressed that the
greenhouse gas emissions for wood materials as well as the concrete depend on how it is handled after demolition (Börjesson &Gustavsson, 1999). And in this study, it is only taken into
account the manufacturing and operational stage, the end-of-life is not considered.
The SE scenario also shows the importance of space use efficiency for reducing the carbon
footprint of the house. By decreasing the external wall perimeter it was observed a considerable
reduction of contributions to climate change during the operational and manufacturing stages.
This becomes even more evident when calculating impacts per designed number of users instead of per floor area. To use this type of unit for comparing different building designs should
actually be preferable since it displays impacts more relevant for the function of a building, to
accommodate a certain number of persons, than when comparing impacts per floor area.
Another advantage with calculating impacts per user is also that housing-related impacts can be
compared to impacts related to other human activities, like driving a car, eating, etc..
The results from this study demonstrate that space efficiency considerations, a careful design
and choice of the materials specifications during the design phase are crucial to reduce the contributions to climate change, particularly in a low-energy building case like the one studied in
the paper. The application of such a basic LCA tool shows that this type of tools can provide
useful learnings for decision makers, provide simple ways of trial-and-error calculations in order to improve the environmental performance of a building.
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ABSTRACT: The presented case study compares four types of different cross sections for a
midspan road bridge. Based on the already designed and constructed twin-girder composite
bridge three additional cross section were designed which met the same boundary conditions.
Two types of concrete bridges, one with untensioned reinforcement and one prestressed as well
as another composite bridge with four steel girders were investigated. The environmental
impact of these four bridges was evaluated by means of the Global Warming Potential and the
Primary Energy Consumption value. Regarding the superstructure of the bridge the main
affecting parameters during production, transport and end of life were identified.

1 INTRODUCTION
Bridges represent a substantial contribution to our building science. Bridges are an integral part
of each infrastructural development in every area. Designs of bridges appear in many different
types of constructions depending on the function of the bridge, the nature of the terrain where
the bridge is constructed, the material used to make it and the funds available to build it.
Compared with some spectacular big bridge projects even smaller bridges are of more
interest for investigations, because they represent the majority of the whole construction works.
Therefore the presented case study is dealing with the design and construction of a typical road
bridge with a span length of 38,00 m and a width of 9,50 m. The bridge has the capacity for two
lanes with a width of 3,25 m each. On every side of the structure edge beams with a width of
1,75 m, overlapping the bridge for 0,25 m were mounted, which are used as sidewalks.
The structure of the bridge was investigated with reference to its sustainable properties.
While doing so four different possible types of structures were taken into account. The first
worked on cross section was the one of the finally carried out project, a twin girder composite
bridge with a concrete deck slab, see figure 1. The overall construction height amounts to 2,10
m, where the steel girders come up to a height of 1,80 m and the thickness of the concrete slab
to a maximum of 0,30 m. The midspan of the concrete deck was designed with prefabricated
reinforced concrete slabs, which were used as formwork also. The remaining thickness of the
slab in the midspan and the cantilever slabs were constructed with in situ concrete.
The steel girders were engineered as welded I- sections with variable plate thicknesses. The
girders are braced every 4,75 m by cross girders, which were designed to prevent the
compressed chords from buckling during concreting.

475

Integrated Approach towards Sustainable Constructions
______________________________________________________________________________________________________

Figure 1. Cross section of the realised composite bridge

The first variation is represented by a double T- beam reinforced concrete bridge, see figure 2.
The height and the width of the structure were left similar to the previously described
composite bridge.

Figure 2. Alternative cross section of the reinforced concrete bridge

Another variation was investigated as a prestressed double T- beam bridge, shown in figure 3.
The overall dimensions of the structure were also left similar to the composite bridge.
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Figure 3. Alternative cross section of the prestressed concrete bridge

The last regarded alternative was also a composite bridge but with a different cross section.
Instead of the two welded steel beams, the bridge has been designed using four rolled steel
sections with additional steel plates, see figure 4. For this solution the overall height of the
construction was reduced and comes to 1,53 m. The mean slab thickness made of in situ
concrete is designed with 0,30 m plus a haunge of 0,12 m.

Figure 4. Alternative cross section of a composite bridge with four rolled steel sections

2 DESCRIPTION OF THE PROJECT
2.1 General Conditions
The investigated bridge in the course of the presented case study has been erected at the same
place of an originally existing approximately 40 year's old composite bridge, see figure 5. In
comparison with the new bridge the original one was considerably smaller and could not meet
the grown traffic requirements anymore. Moreover the steel girders of the bridge were already
seriously damaged by corrosion, see figure 6.
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Figure 5. View of the existing bridge

Figure 6. Detail of corrosion damage of steel girders

For that reasons the necessity of the new design and the replacement of the existing bridge was
given. As the area is subjected to flooding it was not possible to build an auxiliary foundation
in the river during the construction phase. The new bridge should therefore be constructed
without any middle support.
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Another item which had to be considered was the needed construction time of the bridge. As
there were no possibilities for short traffic diversions the time for closing the road had to be
reduced to an absolute minimum. For the above mentioned reasons it was decided that the new
bridge should be designed and constructed as a composite bridge also.
Due to the possible flood danger the discharge mass curve of the river had to be enlarged.
The underside of the bridge could not be modified on account of the existing sewage system
installed on the bridge. That's why it was decided to situate the new foundations behind the
existing basements and to extend the span of the bridge. Figure 7 shows the details of the final
design.

Figure 7. Plan view, longitudinal section and general plan of the new bridge
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2.2 Design assumptions
The new composite bridge was designed according to the Austrian standard specifications valid
in 2006. In that sense for all composite components the European standard EN 1994-2 was
used.
The characteristic service loads were taken from the Austrian standard for traffic loads on
bridges valid in 2006. Therefore on every lane a truck of twenty-five tons together with an
additional live load of 5 kN/m² on the areas not covered by the trucks, had to be considered.
Apart from the load arrangements of trucks and uniformly distributed loads, a single- handed,
sixty- ton caterpillar had to be calculated also. The dynamic factor had to be taken for the main
girders by 1,12 and for the deck slab by 1,40.
The main steel girders were designed to take over the load during concreting which are
represented by the dead load of the fresh concrete, the scaffolding and the belonging service
load. For that purpose the upper chords of the I- beams were designed with elastic bearings in
the axes of the cross girders. The stresses in the steel beams resulting from the concreting were
consequently super positioned to the other actions effected on the composite structure.
2.3 Construction phase
2.3.1 Demolition of the existing bridge
The original composite bridge was dismantled as it is usual for smaller bridges by cracking the
concrete slab, see figure 8, and removing the steel girders. In our case the whole steel girder
grid was removed at once and placed 25 m beside. The steel grid was then adapted and served
before recycling during the construction time of the new bridge as a pedestrian bridge, see
figure 9 and figure 10.

Figure 8. Cracking of concrete slab of the original bridge
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Figure 9 Removing of the whole steel grid

Figure 10. Placement of the auxiliary pedestrian bridge
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2.3.2 Construction of the new bridge
After concreting the abutments the two steel girders were transported as a unit to the
construction site, see figure 11, 12 and placed on the support bearings, see figure 13.

Figure 11. Transport of the steel girders as a unit

Figure 12. Transport of the steel girders as a unit
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Figure 13. Placement of the steel girders

The two main girders were bolted together through the cross girders, see figure 14.

Figure 14. View of the bolted steel structure
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On the so completed steel grid the scaffolding was mounted, the reinforcement fixed and the
slab concreted, see figures 15, 16 and 17.

Figure 15. Mounting of the scaffolding on the steel girders

For concreting the midspan of the slab deck between the steel girders semi- prefabricated
concrete slab elements as lost scaffolding were used, compare figure 16 and figure 17.

Figure 16. Fixing of the reinforcement
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Figure 17. Concreting of the deck slab

After concreting the deck slab the waterproofing was applied, the edge beams and the railings
were mounted and the asphalt surface was applied. Figure 18 shows the completed bridge

Figure 18. View of the completed bridge
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3 CASE STUDY
3.1 Introduction
The aim of the presented case study is to compare different bearing structures of the previously
described road bridge with reference to two parameters, the Global Warming Potential (GWP)
and the Primary Energy Consumption (PEC). The investigations were limited to the
superstructure of the bridge consisting of the girders and the slab deck as the substructure is
assumed to be similar for all alternatives.
The Global Warming Potential is an estimation of how much given greenhouse gas
contributes to Earth’s radiative forcing. A GWP value is defined over a specific time interval,
so the length of this time interval must be stated to make the value meaningful. In our case the
service life of the bridge is assumed to be 100 years which is therefore also used for the
calculations of the two parameters. The GWP value is evaluated for the whole process from
production through transport to the structures end of life. Each used construction material has
its own environmental profile to be regarded through the whole process.
Steel in comparison with concrete for example has a high GWP value during the production
phase, on the other hand at the end of a structural life due to better recycling possibilities the
GWP value decreases noticeable. The recycling of steel elements avoids the production of
virgin steel. This benefit decreases for reinforcing steel in comparison with steel for profiles
and plates. Reinforced concrete has to be sorted in advance in order to recycle the
reinforcement which generates further GWP impacts.
The value of Primary Energy Consumption is important for every building activity. The
amount of energy involved in erection and demolition of structures is high and has to be
considered. For the past century and more we have relied heavily on fossil fuels and world
demand for them continues to grow as an accelerating rate.
The amount of recoverable gas and oil on the planet is finite, and the projected lifetime of
these consumable resources is estimated to be a few decades at current rates of consumption.
The most economical means to meet future energy demand is to make every effort to improve
energy efficiency, to get more productive value out of each unit of primary energy that we use.
In that sense sustainable development of bridges always means the construction of robust
material and energy saving structures which guarantee a minimum environmental impact at an
optimised cost.
3.2 Functional unit
The defined functional unit for the purpose of the case study is a single span road bridge with a
span of 38,00 m and a width of 9,50 m. To fulfil all boundary conditions at its best the bridge
has been designed and constructed as a twin girder composite bridge. For the case study
additionally three other types of bridges with the same span, the same width and the same
traffic load conditions were designed.
We are dealing with different types of constructions using different methods of erection.
This fact has its influence on the evaluation of the GWP value and the calculated amount of
primary energy consumption. Seen from this point of view especially the used scaffolding has
to be taken in to account.
For the composite bridges apart from the formwork of the deck slab no further scaffolding is
needed. The steel girders of the bridge are used for that purpose. On the other hand the concrete
solutions also make use of auxiliary steel elements for the scaffolding which are obviously not
included in the presented calculations.
In order to get comparable results it was decided to leave out the mass of the cross girders in
the bill of quantities both for the composite and for the concrete bridges. These cross girders
are partly belonging to the scaffolding as well as to the auxiliary bracings to prevent buckling
of the compressed upper flanges during concreting.
The variation of the values of GWP and PEC of the investigated bridges under this
assumption can be neglected as far as the aim of the case study is not to calculate absolute
values but to see the general tendencies and to identify the main parameters of influence.
The following figures show the bill of quantities for the four different cross sections.
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Material

Steel
Studs
Concrete
Reinforcement
Total mass of the bridge

Quantity
[t]

Cross section

61,22
0,274
307,20
13,35
382,00

Figure 19. Bill of quantities of the carried out composite bridge
Material

Steel
Studs
Concrete
Reinforcement
Total mass of the bridge

Quantity
[t]

Cross section

580,80
34,30
615,10

Figure 20. Bill of quantities of the designed reinforced concrete bridge
Material

Steel
Studs
Concrete
Reinforcement *)
Total mass of the bridge

Quantity
[t]

Cross section

511,20
32,95
544,20

*) incl. prestressing steel
Figure 21. Bill of quantities of the designed prestressed concrete bridge
Material

Steel
Studs
Concrete
Reinforcement
Total mass of the bridge

Quantity
[t]

Cross section

63,74
0,77
277,40
11,80
353,70

Figure 22. Bill of quantities of the variation of the composite bridge
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3.3 Evaluation of the Global Warming Potential and the Primary Energy Consumption
The calculation of both values is done by means of AMECO software developed by
ArcelorMittal.
Concerning transport the following assumptions have been taken into account:
604 km for steel product, this is an average European value
30 km local transport for concrete by mixer trucks

Standard payload (t)
Capacity(m³)
Consumption of a fully loaded truck (l/100km)
Consumption of an empty truck (l/100km)
Ratio of consumption empty vs. loaded
Proportion of empty return trips

Regular truck
24,00

Mixer truck
7,00
60,00
39,60
0,66
100 %

38,00
25,10
0,66
30 %

Figure 23. Assumptions for regular trucks and mixer trucks

The impact factors used in the software calculation are summarized in figure 22.

GWP
(tCO2eq/t)

PEC
(GJ//t)

1,143
2,557
1,244
2,458

14,80
28,22
16,42
26,03

Transport
Average transport in Europe
Production of Diesel fuel
Combustion of Diesel fuel

0,003010
0,3881
3,183

0,4450
50,50

End of life
Scrap ( European figures )
Scrap ( World figures )
Concrete valorisation
Dismantling of steel elements
Concrete sorting
Concrete landfilled after sorting
Concrete directly landfilled
Concrete in sanitary landfills

1,614
1,512
0,002890
0,004790
0,01388
0,007060
0,01394
0,01388

12,65
13,41
0,07452
0,06767
0,2901
0,1861
0,2892
0,2913

0,1634

3,322

Steel production
Sections ( beams, columns )
Steel sheetings
Reinforcement, studs
Plates

Electric power
Production of electric power
Figure 24. Summary of impact factor

For steel products the values of recycling rate and scrap rate in the production were assessed:

Recycle rate
99,00 %
65,00 %
85,00 %
95,00 %

Profiles
Rebar
Hot dip galva
Endplates
Figure 25. Recycling and valorisation
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3.4 Life cycle assessment of the two girder composite bridge
Mass (t)

GWP (tCO2eq/t)

PEC(GJ//t)

Production
Profiles
Studs
Reinforcement
Total production of steel
Total production of concrete
Total impact of production

61,83
0,274
13,35
75,46
307,2
382,70

70,66
0,34
16,61
87,61
39,31
126,90

915,10
4,499
219,20
1138,80
224,20
1363,0

Transport
Total mass of steel transported
Total mass of concrete transported
Total impact of transport

74,84
307,2
382,0

0,23
1,59
1,81

33,31
22,47
55,78

End of life
Profiles
Studs
Reinforcement
Total EOL of steel
Valorised concrete
Sorting of concrete
Concrete directly disposed
Additional impact of disposal
Total EOL of concrete
Total impact EOL

61,22
0,274
13,35
75,46
30,72
199,7
107,5
89,09
307,2
382,0

-13,64
0,02
1,81
-11,80
-0,09
2,77
1,50
0,63
4,81
-6,99

-105,10
0,195
21,35
-83,53
-2,289
57,93
31,09
16,58
103,5
19,78

126,90
1,81
-6,99
121,72

1363,0
55,78
19,78
1438,56

57,57
18,47
45,71

842,11
246,44
350,17

Impacts of the production
Impacts of the transport
End of Life Impacts
Total Impacts of the bridge
Impacts of structural steel
Impacts of reinforcing steel
Impacts of concrete

62,10
13,35
307,2

Figure 26. Chart and diagrams of results for the two girder composite bridge
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3.5 Life cycle assessment of the reinforced concrete bridge
Mass (t)

GWP (tCO2eq/t)

PEC (GJ//t)

Production
Profiles
Studs
Reinforcement
Total production of steel
Total production of concrete
Total impact of production

34,30
34,30
580,80
615,10

42,67
42,67
74,32
116,99

563,10
563,10
423,8
986,90

Transport
Total mass of steel transported
Total mass of concrete transported
Total impact of transport

34,30
580,80
615,10

0,10
2,94
3,04

15,26
41,56
56,83

End of life
Profiles
Studs
Reinforcement
Total EOL of steel
Valorised concrete
Sorting of concrete
Concrete directly disposed
Additional impact of disposal
Total EOL of concrete
Total impact EOL

34,30
34,30
58,08
377,50
203,30
168,40
580,80
615,10

4,65
4,65
-0,17
5,24
2,83
1,19
9,10
13,75

54,85
54,85
-4,328
109,50
58,78
31,34
195,30
250,20

117,0
3,04
13,75
133,80

986,90
56,83
250,20
1293,93

47,43
86,36

633,22
660,70

Impacts of the production
Impacts of the transport
End of Life Impacts
Total Impacts of the bridge
Impacts of structural steel
Impacts of reinforcing steel
Impacts of concrete

34,30
580,80

Figure 27. Chart and diagrams of results of the reinforced concrete bridge
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3.6 Life cycle assessment of the prestressed concrete bridge
Mass (t)

GWP (tCO2eq/t)

PEC (GJ//t)

Production
Profiles
Studs
Reinforcement
Total production of steel
Total production of concrete
Total impact of production

32,95
32,95
511,20
544,15

40,99
40,99
65,42
106,41

541,0
541,0
373,0
914,00

Transport
Total mass of steel transported
Total mass of concrete transported
Total impact of transport

32,95
511,20
544,15

0,10
2,60
2,70

14,66
36,78
51,44

End of life
Profiles
Studs
Reinforcement
Total EOL of steel
Valorised concrete
Sorting of concrete
Concrete directly disposed
Additional impact of disposal
Total EOL of concrete
Total impact EOL

32,95
32,95
51,12
332,30
178,90
148,20
511,20
544,20

4,47
4,47
-0,15
4,61
2,49
1,05
8,01
12,48

52,69
52,69
-3,809
96,40
51,74
27,58
171,90
224,60

106,40
2,70
12,48
121,58

914,0
51,44
224,60
1190,04

45,56
76,02

608,30
581,70

Impacts of the production
Impacts of the transport
End of Life Impacts
Total Impacts of the bridge
Impacts of structural steel
Impacts of reinforcing steel
Impacts of concrete

32,95
511,20

Figure 28. Chart and diagrams of results for the prestressed concrete bridge

491

Integrated Approach towards Sustainable Constructions
______________________________________________________________________________________________________

3.7 Life cycle assessment of the four girder composite bridge
Mass (t)

GWP (tCO2eq/t)

PEC (GJ//t)

Production
Profiles
Studs
Reinforcement
Total production of steel
Total production of concrete
Total impact of production

64,38
0,767
11,80
76,94
277,40
354,34

73,57
0,95
14,68
89,20
35,50
124,70

952,80
12,59
193,70
1159,09
202,50
1361,59

Transport
Total mass of steel transported
Total mass of concrete transported
Total impact of transport

76,31
277,40
353,70

0,23
1,42
1,65

33,96
20,14
54,09

End of life
Profiles
Studs
Reinforcement
Total EOL of steel
Valorised concrete
Sorting of concrete
Concrete directly disposed
Additional impact of disposal
Total EOL of concrete
Total impact EOL

63,74
0,767
11,80
76,94
27,74
180,30
97,10
80,46
277,40
353,70

-14,20
0,06
1,60
-12,54
-0,08
2,50
1,35
0,57
4,34
-8,19

-109,40
0,545
18,87
-90,00
-2,067
52,32
28,08
14,97
93,30
3,306

124,70
1,65
-8,19
118,20

1361,59
54,09
3,306
1418,99

60,60
16,31
41,27

885,20
217,80
315,90

Impacts of the production
Impacts of the transport
End of Life Impacts
Total Impacts of the bridge
Impacts of structural steel
Impacts of reinforcing steel
Impacts of concrete

65,14
11,80
277,44

Figure 29. Chart and diagrams of results for the four girder composite bridge
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3.8 Comparison of the individual results

Mass
(t)

GWP
(tCO2eq/t)

PEC
(GJ//t)

Impacts of structural steel
Impacts of reinforcing steel
Impacts of concrete
Total Impacts

62,10
13,35
307,2

57,57
18,47
45,71
121,72

842,11
246,44
350,17
1438,56

Impacts of structural steel
Impacts of reinforcing steel
Impacts of concrete

66,14
13,35
307,2

57,57
18,47
45,71

842,11
246,44
350,17

34,30
580,80

47,43
86,36
133,80

633,22
660,70
1293,93

32,95
511,20

45,56
76,02
121,58

608,30
581,70
1190,04

65,14
11,80
277,44

60,60
16,31
41,27
118,20

885,20
217,80
315,90
1418,99

Two girder composite bridge

Reinforced concrete bridge
Impacts of structural steel
Impacts of reinforcing steel
Impacts of concrete
Total Impacts
Prestressed concrete bridge
Impacts of structural steel
Impacts of reinforcing steel
Impacts of concrete
Total Impacts
Four girder composite bridge
Impacts of structural steel
Impacts of reinforcing steel
Impacts of concrete
Total Impacts
Figure 30. Comparison of individual results

The view at the chart shows that the four girder composite bridge with reference to the GWP
comes to the lowest value. This results from the light steel structure together with a minimum
concrete cross section. It can be realised that this solution fits perfect in the range of application
for a bridge with the regarded span of 38,00 m.
The reinforced concrete bridge is not competitive neither in economical nor in sustainable
aspects mainly on account of the given boundary conditions which lead to a high amount of
reinforcement for the T- beam girders.
The second composite bridge with the two steel girders produces a similar overall value of
GWP in comparison with the prestressed concrete solution although the distributions of the
individual impacts vary by definition. In this connection it can be seen that a span of 38,00 m
allows economical solution using prestressed concrete.
Regarding the primary energy consumption composite bridges with their higher percentage
of structural steel provide worse results which come mainly from the material production phase
and cannot be compensated at the structures end of life.
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4 CONCLUSIONS
The scope of the presented case study does not cover all aspects of sustainability assessment of
structures. The case study has been limited to calculate the Global Warming Potential and the
Primary Energy Consumption of four different cross sections of a midspan road bridge. It can
not be seen as an integral approach considering all environmental, economical or social aspects.
The aim of the study has been to develop a basic practical understanding of the main influences
on the two investigated parameters and to demonstrate exemplary how to assess constructions
quickly but reliable already in the design phase.
The basis of the case study is given by a designed and constructed road bridge which had to
meet a lot of boundary conditions. The additional bridges were designed accordingly to the
standard of the constructed bridge. These solutions therefore do not always reproduce the best
economic solutions for the specific material and the belonging method of erecting.
The analysis of the environmental impact shows that solutions with a higher amount of steel
lead to higher values of GWP and PEC resulting from the production phase, whereas at the end
of life these solutions give a positive credit balance due to better recycling properties. It has
also been shown that the effort of transporting higher masses of concrete has not this striking
influence on the total impact.
In the course of this case study no attention has been paid to maintenance and retrofitting
aspects belonging to the different types of the designed structures. This results mainly from the
lack of conceiving data. In any cases it has to be noticed that there are a lot of possibilities for
further investigations in the field.
It can be concluded that the objectives for the future will be the design of material and
energy saving structures with a high recycling rate and a lot of possibilities for adaptations of
the structures.
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COST C25 – WG2/WP5
Datasheet for recycled aggregate concrete Prepared by:
S. Marinkovic 1), V.Radonjanin 2), M. Malesev 2), I. Ignjatovic 1)

1)
2)

Faculty of Civil Engineering University of Belgrade, Belgrade, Serbia
Dept. for Civil Engineering, Faculty of Technical Sciences, University of Novi Sad, Serbia

DATASHEET FOR RECYCLED AGGREGATE CONCRETE
1. Description of Recycled Aggregate Concrete
1.1. Field and range of applications
Recycled aggregate concrete (RAC) is concrete produced with recycled instead of
natural aggregate. Recycled aggregates from demolished concrete are generally
produced by crushing, screening and removing the contaminants by magnetic
separation, water cleaning or air-sifting. Crushing is performed using a combination of
compressive-type and impact-type crushers, such as jaw crusher and impact crusher.

4-8 m m

8-16 mm

Figure 1. Recycling of demolished concrete in order to produce recycled aggregates

Basic properties of RAC with recycled coarse aggregate compared to natural aggregate
concrete (NAC) with the same water-to-cement ratio are:
- decreased compressive strength (up to 25%)
- decreased splitting and tensile strength (up to 10%)
- decreased modulus of elasticity (up to 45%)
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-

increased drying shrinkage (up to 50%)
increased creep (up to 50%)
increased water absorption (up to 50%)
decreased freezing and thawing resistance
similar depth of carbonation
same or slightly increased chloride penetration

Range of application:
- low to middle strength structural concrete, up to strength class C30/37
(nomenclature according to EC2)
- non-aggressive environment conditions: X0, XC1 and XC2 exposure classes
(nomenclature according to EC2)
1.2. Components
Same as for NAC: water, cement, aggregate and admixtures, except coarse natural
aggregate is replaced with coarse recycled aggregate. Coarse recycled aggregate has
lower density (up to 10%) and significantly larger water absorption (up to 6 times
larger) compared to coarse natural aggregate.
1.3 Installation techniques
Same as for NAC.
1.4 Maintenance
Same as for NAC.
1.5 Demolition
Same as for NAC.
2. Environmental Assessment
2.1. System boundaries
The goal of this work is to compare the environmental impact of the production of two
types of ready-mixed concrete: natural aggregate concrete (NAC) made entirely with
natural river aggregate and recycled aggregate concrete (RAC) made with natural fine
and recycled coarse aggregate. To enable a comparative environmental impact analysis
of two different concrete types, the mix proportion of NAC and RAC is determined so
as to
both concretes have the same compressive strength and the same workability. Besides,
it is assumed that both concrete types are going to be used for structural elements not
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exposed to aggressive exposure conditions, such as indoor environment of residential
and office buildings.
The goal determines the system boundaries: the analyzed part of the life cycle includes
production and transport of raw materials, cement and aggregate, and production and
transport of concrete from concrete plant to construction site. Under mentioned
assumptions, the impact of construction, service and demolition phase is expected to be
approximately the same for both concrete types, and these phases need not be taken into
consideration in comparative analysis.
The functional unit of 1 m3 of ready-mixed RAC and NAC is used.

Figure 2. Life cycle of concrete structure

2.2. Data of considered example
Two transport scenarios are analysed.
Transport scenario 1:
- cement is transported by heavy trucks and estimated transport distance is 150
km,
- natural river aggregate is transported by ships and estimated transport distance is
100 km,
- recycled aggregate is transported by trucks and estimated transport distance is
15 km, i.e. it is assumed that recycling plant is located close to construction site,
- concrete is transported by concrete mixers and estimated transport distance is 15
km.
Transport scenario 2:
Same as transport scenario 1, except for the transport distance of recycled aggregate. In
this scenario it is assumed that transport distances of natural and recycled aggregate are
the same and equal to 100 km.
2.3. Environmental impact categories
The environmental impact categories included in this work are:
- global warming
- euthropication
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- acidification
- photochemical oxidant creation (POC)
- energy use as cumulated energy requirement for the studied part of the life cycle
Besides, the amount of produced waste and depletion of natural mineral resources is
also calculated.
These two categories are calculated as if all demolished concrete is disposed of in
landfill in case of NAC, and 60% of demolished concrete is recycled into recycled
aggregate in the case of RAC.
3. Inventory and impact assessment results
LCI data for cement, aggregate and concrete production are collected from local,
Serbian suppliers and manufacturers. Emission data for diesel production and
transportation, natural gas distribution and transport that couldn't be collected for local
conditions are taken from GEMIS data base (generic data).
CML methodology is used for environmental impact assessment.
Tables 1-2 show calculated impact indicators for chosen impact categories per 1 m3 of
RAC, transport scenario 1 and 2, respectively.
Table 1. Environmental impacts per 1 m3 of RAC, transport scenario 1
Impact
Energy use
Global warming
Eutrophication Acidification
category
MJ
g CO2-eq.
g PO4-3-eq.
g SO2-eq.
Cement
Aggregate
Concrete
Transport
Total

1315.168
29.153
20.069
248.629
1613.019

292549.429
2462.935
5718.354
18541.993
319272.711

97.772
3.995
1.719
20.196
123.682

1749.647
32.255
110.369
178.770
2071.040

Table 2. Environmental impacts per 1 m3 of RAC, transport scenario 2
Impact
Energy use
Global warming Eutrophication Acidification
category
MJ
g CO2-eq.
g PO4-3-eq.
g SO2-eq.
Cement
Aggregate
Concrete
Transport
Total

1315.168
29.153
20.069
558.230
1922.621

292549.429
2462.935
5718.354
41612.226
342342.944

97.772
3.995
1.719
44.107
147.593

1749.647
32.255
110.369
394.708
2286.978

POC
g C2H4-eq.
51.390
0.553
0.055
14.994
66.992

POC
g C2H4-eq.
51.390
0.553
0.055
37.116
89.114

Table 3 shows calculated impact indicators for chosen impact categories per 1 m3 of
NAC, transport scenario 1. and transport scenario 2.
Table 3. Environmental impacts per 1 m3 of NAC, transport scenario 1 and 2
Impact
Energy use
Global warming
Eutrophication Acidification
category
MJ
g CO2-eq.
g PO4-3-eq.
g SO2-eq.
Cement
Aggregate
Concrete
Transport
Total

1255.388
27.772
20.069
267.187
1570.415

279251.727
2683.073
5718.354
19958.410
307611.565

93.328
3.805
1.719
22.779
121.631

500

1670.117
30.726
110.369
198.241
2009.453

POC
g C2H4-eq.
49.054
0.527
0.055
15.589
65.225
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Comparison to NAC
Table 4 shows the comparison between environmental impacts of RAC and NAC for
two different transport cenarios. In scenario 1 case, the total impact of RAC for each
category is negligibly larger than the impact of AC, increase ranging from 1.7% to
3.8%. In scenario 2 case, this increase ranges from 11.3% to 36.6%, epending on the
impact category, and it can be considered significant.

Table 4 RAC over NAC environmental impact increase for different transport scenarios
Impact
RAC over NAC impact increase (%)
category
Scenario 1
Scenario 2
Energy use
2.58
22.43
Global warming
3.72
11.29
Eutrophication
1.60
21.35
Acidification
2.98
13.81
POC
2.49
36.63

If the recycling plant is located close to the construction site, the environmental impacts
of RAC and NAC roduction in terms of studied impact categories are approximately
the same and the benefit from recycling in erms of waste and natural mineral resources
depletion minimizing is clearly gained. But in case of equal or ven larger transport
distances of recycled aggregate compared to transport distances of natural river
aggregate, he benefit from recycling can be diminished by the impact of transport. So,
according to results of this study, o gain the environmental benefit of RAC over the
NAC made with natural river aggregate, it is necessary to ocate the recycling plants
close to urban areas where most of the construction sites are located.
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COST C25 – WG2/WP5
Dtasheet for steel products Prepared by:
Barbara Rossi

University of Liège, Barbara.rossi@ulg.ac.be, +32 4 366 9614

DATASHEET FOR STEEL PRODUCTS
0. Description of this datasheet
This datasheet concerns steel products. It was prepared using data coming from
Worldsteel association, Clare Broadbent, Broadbent@worldsteel.org, +32 2 702 89 32.
The date of issue is 2nd March 2010. The reference year for the data is for 2005 to 2007,
depending on each company providing data. Some upstream data is based on 2008 data.
1. Description of the products
1.0 Introduction:
The following data is provided in this report:
- 1kg global rebar including an end of life recycling rate of 95%
- 1kg EU sections including an end of life recycling rate of 95%, 1kg global
sections including an end of life recycling rate of 85%,
- 1kg global electrogalvanised steel including an end of life recycling rate of 95%
- 1kg EU finished cold rolled coil including an end of life recycling rate of 95%,
1kg global finished cold rolled coil including an end of life recycling rate of
85%
- 1kg EU pipe including an end of life recycling rate of 95%
- 1kg EU plate including an end of life recycling rate of 95%, 1kg global plate
including an end of life recycling rate of 85%
The data provided has been generated based on the worldsteel data collection and
methodology for calculating the LCI for steel products. The methodology report is
based on the World Steel Life Cycle Inventory report, 2000.
1.1 Material:
The material is traditional carbon steel.
1.2. Products descriptions:
REBAR (Reinforcing Bar)
A Steel Reinforcing Bar is rolled on a Hot Rolling mill. It can be found on the market
for direct use or is further processed into finished products by the manufacturers.
This product is used to strengthen concrete in highway and building construction also as
primary product for the Wire Rod process.
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SECTION ROLLING
A Steel Section rolled on a Hot Rolling mill. Steel Section includes I-beams, H-beams,
wide-flange beams, and sheet piling. It can be found on the market for direct use.
This product is used in construction, multi-story buildings, industrial buildings, bridge
trusses, vertical highway supports, and riverbank reinforcement.
ELECTROGALVANIZED COIL (Electrogalvanized Steel)
Electrogalvanized coil is obtained by electro plating Finished Cold Rolled Steel with a
thin layer of zinc or zinc-nickel to provide corrosion resistance. It can be found on the
market in coil or in sheets and is further processed into finished products by the
manufacturers.
Electrogalvanized Steel features excellent forming properties, paintability, weldability,
and is suitable for fabrication by forming, pressing and bending. Applications include
domestic applications, building applications (e.g. wall elements, roofing
applications…), automotive applications (e.g. body in white for vehicles underbody
auto parts…), lighting fixtures, drums and various kinds of sections applications,
profiled sheets, etc…
Typical thickness between 0.3 to 3 mm.
Typical width between 600 mm to 2100 mm.
FINISHED COLD ROLLED COIL (Annealed & Tempered Cold Rolled Steel)
Finished cold rolled coil is obtained by heat treatment (annealing) and strain-hardening
of a Cold Rolled Steel in a way to achieve final mechanical properties making the Steel
suitable for further uses (forming and bending). Finished Cold Rolled Steel includes a
wide range of different Steels which can be classified into the following main groups:
formable Steels, high strength formable Steels, weathering structural Steels, structural
Steels, hardenable Steels. It can be found on the market in coil or in sheets and is further
processed into finished products by the manufacturers.
Finished Cold-rolled Steel features excellent forming properties, electromagnetic
properties, paintability, weldability, and is suitable for fabrication by forming, pressing
and bending. Applications include domestic applications, automotive applications,
lighting fixtures, electrical components (stators, rotors) and various kinds of sections
roofing applications, profiled sheets, wall elements, etc…
Typical thickness between 0.3 to 3 mm.
Typical width between 600 mm to 2100 mm.
PIPE (Heavy Pipe)
Pipe is a Flat Plate Steel Coil that is bended and welded into a tube. It can be found on
the market for final use.
A heavy-wall pipe is technically used to transport fluids (oil, gases, water,
chemicals…).
PLATE (Heavy Steel Plate)
A flat Steel sheet rolled on a Hot Rolling mill. It can be found on the market in sheets
and is further processed into finished products by the manufacturers.
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Heavy plate is used in a large number of sectors: structural Steels, shipbuilding, pipes,
pressure vessels, boilers, heavy metal structures, offshore structures etc.
Typical thickness between 2 to 20 mm
The maximum width is 1860 mm
COLD-ROLLED COIL (Cold Rolled Steel)
Cold rolled coil is obtained by a further thickness reduction of a pickled hot rolled coil.
This step is achieved at low temperature in a cold-reduction mill. It can be found on the
market in coil, but requires a further heating process before being manufactured into
finished products.
The various types of cold rolled Steel are used as primary material for finished cold
rolled coils & coated coils.
Typical thickness between 0.15 to 3 mm.
Typical width between 600 mm to 2100 mm.
2. Environmental Assessment
2.1. System boundaries and methodology:
The methodology used to develop this data is based on [1].

Fig. 1: Steel life cycle - System boundary

The study is a cradle-to-gate LCI study, including recycling. It covers all of the
production steps from raw materials 'in the earth' (i.e. the cradle) to finished products
ready to be shipped from the steelworks (i.e. the gate). It also includes the credits
associated with recycling the steel from the product at the end of their life. It does not
include the manufacture of downstream products or their use. The steel product
manufacturing system encompasses the activities of the steel sites and all major
upstream processes, including the production and transportation of raw materials,
energy sources and consumables used on the steelworks. The data includes steel
production from both the integrated route (Blast Furnace / Basic Oxygen Furnace) and
the Electric Arc Furnace route.
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Steel is one of the most recyclable materials in the world and therefore it is important to
consider recycling in life cycle assessment studies involving steel, namely the steel
scrap that is recycled from a product at the end of its life. In addition, steel is a vital
input to the steel making process, and this input of steel scrap should also be considered
in LCA studies. The worldsteel methodology therefore considers both of these factors in
the methodology. The general life cycle equation for the “closed material loop recycling
methodology” is applied as shown by the equation below:

LCI for 1 kg of steel product including recycling = X – (RR – S) × Y(Xpr – Xre)
where
X is the cradle to gate LCI of the product,
(RR – S) is the net amount of scrap:
RR is the end of life recycling rate of the steel product,
S is the scrap input to the steelmaking process,
Y(Xpr - Xre) is the value of scrap:
Y is the process yield of the EAF (i.e. more than1kg of scrap is required to
produce 1kg of steel),
Xpr = the LCI for 100% primary metal production, this is a theoretical value of
steel slab made in the BF/BOF route, assuming 0% scrap input,
Xre = the LCI for 100% secondary metal production from scrap in the EAF
(assuming scrap = 100%).
For the next data, (1) the recovery rate RR, the fraction of material that is recaptured
after one life-cycle, including the pre-consumer scrap generated during the
manufacturing process and the EOL scrap (post-consumer scrap), equals 85%
(construction sector) or 95% and (2) the yield Y, representing the ability of the
secondary process to convert scrap into steel, equals 1/1.1.
2.2. Two impacts categories (per kg of products) for all products:
Two impact categories are first pointed below:
- Global Warming Potential (GWP 100 years) [kg CO2-Equiv.]
- Primary energy demand from renewable and non renewable resources (net cal.
value) [MJ]
RR=95%
Rebar

Sections

CML2001 - Dec. 07, Global
Warming Potential (GWP 100
years) [kg CO2-Equiv.]

0,8633513

0,9801118

1,233881

0,9679209

1,208099

1,106563

Primary energy demand from
ren. and non ren. resources (net
cal. value) [MJ]

13,04265

13,52334

16,84834

14,18186

15,54161

15,4707

Global

EU

Global

EU

EU

EU

Region

Electrogalva
nised coil
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RR=85%
CML2001 - Dec. 07, Global
Warming Potential (GWP 100
years) [kg CO2-Equiv.]

1,197445

1,073303

1,122427

Primary energy demand from
ren. and non ren. resources (net
cal. value) [MJ]

16,39641

13,35216

15,241

Global

Global

Global

Region

It is worth pointing that in the first line (RR=95%), the data are related to European
production when it was available otherwise they are based on the global production
(Rebar and electrogalvanized coil). That is why in the Fig. 1, when the recovery rate
equals 85%, the PED is sometimes lower then for a RR of 95%.

Fig. 2: Primary energy demand for renewable and non renewable energy for the selected products with
regard to the recycling rate

Fig. 3: GWP for the selected products with regard to the recycling rate
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3. Inventory Results – RR=85%
The LCI data include inputs, emissions to air and to fresh water. Please note that, when
using the data, the inputs are expressed in kg and the outputs in grams.
Inventory results for Sections, Plate and Finished Cold rolled coil (RR=85%)
GLOBAL
RR=85%

Crude oil (resource)

Inputs (kg)
Sections
0,003652881

Hard coal (resource)

0,3752829

0,378209

0,2567563

Lignite (resource)

0,0579056

0,03949848

0,03787168

Natural gas (resource)

0,06200622

Plate
0,003426861

Finished CRC
0,01731916

0,07803033

0,05435582

Uranium (resource)

3,01E+00

2,33E+00

3,07E+00

Iron ore

0,5143984

0,4373012

0,3092301

Limestone (calcium carbonate)

0,002461315

0,003065073

0,04053207

Dolomite

0,04273979

0,04682639

0,02012511

Tin ore

1,78E-10

-1,72E-10

4,55E-10

Water

-0,7424944

3.050.793

1.009.263

4,25E-02

2,69E-02

Cadmium (+II)

Emissions to air (g)
3,19E-05

Carbon dioxide

1113

1046

1025

Carbon monoxide

13,25

16,36

8.939

Chromium (total)

0,0002274

0,000384

0,0002788

Dioxins (unspec,)

9,13E-06

9,98E-06

8,88E-06

Hydrogen chloride

0,0406

0,04553

0,01942

Hydrogen sulphide

-0,03067

-0,2224

0,08864

Lead (+II)

0,001462

0,002087

0,001721

Mercury (+II)

8,42E-02

9,98E-05

8,76E-02

3,02

2.788

2.351

-0,003353

-0,01627

0,01349

Methane
Nitrogen dioxide
Nitrogen oxides

2,11

2.253

1.741

0,0792

0,08046

0,004053

NMVOC (unspecified)

0,122

0,1263

0,1809

Particles to air

0,9057

1.021

0,4419

Sulphur dioxide

1.472

1.865

1,11

Sulphur oxides (as SO2)

0,6774

0,6512

0,571

Emissions to fresh water (g)
0,01176

0,01338

0,007062

Nitrous oxide (laughing gas)

Ammonia (NH4+, NH3, as N)
Biological oxygen demand (BOD)

0,002496

-0,001883

-0,006417

Cadmium (+II)

2,71E-02

2,18E-02

1,78E-02

0,29

0,3037

0,3899

6,46E-02

6,32E-02

0,0001074

Chemical oxygen demand (COD)
Chromium (total)
Iron

0,2117

0,2027

0,07204

Lead (+II)

4,81E-02

8,98E-02

9,77E-02

Nickel (+II)

5,93E-05

7,91E-02

5,94E-05

Nitrogenous Matter (Kjeldahl, as N)

0,008584

0,009323

0,03591

Nitrogenous Matter (unspecified, as N)

0,03929

0,03213

-0,007557

Phosphate

4,26E-02

5,49E-02

6,12E-02

Phosphorus

0,0002859

0,0006726

0,0009388

Solids (dissolved)

0,001326

-0,01717

0,007092

Zinc (+II)

0,0003148

0,001143

0,0001962
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Inventory results for Rebar, Sections, Electrogalvanized coil, Finished Cold rolled
coil, Welded Pipe and Plate (RR=95%)
Global

EU

Global

EU

EU

EU

RR=95%
Inputs (kg)
Carbon dioxide
Crude oil (resource)

Rebar
0,02217059

Sections
0,01269316

Electrogalv. coil
0,01782886

Finished CRC
0,00943283

Welded pipe
0,001774269

Plate
0,008179859

0,01605

0,007035358

0,01580447

0,01881234

0,03491698

0,05551777

Dolomite

0,07160244

0,01050529

0,02478623

0,00615705

0,01811028

0,02289945

Hard coal (resource)

0,1565315

0,2249056

0,282063

0,1938977

0,2119836

0,241469

Iron ore

0,3252042

0,2735336

0,07695595

0,1554488

0,1984131

0,4000417

Lignite (resource)

0,01679349

0,07093624

0,05654342

0,05345609

0,04863092

0,05289379

-0,008631412

0,0554771

0,1022502

0,01805667

-0,07800004

0,0646997

0,1093689

0,0942136

0,09651852

0,1009933

0,1166244

0,08227466
1,46E-10

Limestone (calcium
carbonate)
Natural gas
(resource)
Tin ore

1,12E-10

4,26E-11

7,78E-10

9,65E-11

6,51E-10

1,46E+00

3,49E-01

5,07E+00

4,36E+00

3,78E+00

3,33E-01

Water

105.803

0,8491473

1.064.894

8.403.577

9.506.932

Cadmium (+II)

2,77E-02

1,60E-02

4,82E-02

1,54E-02

-1,47E-02

1,10E-05

Carbon dioxide

808,7

930,8

1181

918,8

1141

1050

Carbon monoxide

5,59

8.848

16,13

4,76

-4.586

9.423

Chromium (total)

0,0004919

0,0001558

0,0003867

0,0003357

0,0003619

0,0003526

Dioxins (unspec,)

2,06E-05

9,63E-06

1,16E-05

7,51E-06

7,00E-09

7,93E-06

Hydrogen chloride

0,0279

0,02142

0,04511

0,009422

-0,003993

0,02778

Hydrogen sulphide

0,01439

0,04596

-0,2592

0,003792

0,0252

0,05944

Lead (+II)

0,001434

0,0008316

0,002041

0,001723

-0,0002061

0,0007597

Mercury (+II)

9,84E-02

7,59E-02

0,0001366

9,79E-02

4,48E-02

8,06E-02

1.943

2.313

2.665

2.163

2.127

2.362

Nitrogen dioxide

-0,003348

-0,003057

0,01482

0,02412

-0,02144

-0,01026

Nitrogen oxides

Uranium (resource)

Methane

1.361.011
Emissions to air (g)

1.395

1.861

2.723

1,57

1.673

2.243

Nitrous oxide
(laughing gas)

0,09478

0,01195

0,00678

0,01186

0,04463

0,01789

NMVOC
(unspecified)

0,1221

0,07578

0,1757

0,1688

0,08253

0,05539

Particles to air

0,523

0,477

0,8496

0,1931

0,08729

0,7859

Sulphur dioxide

1.542

1.543
3.141
Emissions to fresh water (g)

1,56

1.925

2.235

Biological oxygen
demand (BOD)
Cadmium (+II)

0,02976

-0,0003282

-0,005495

-0,01384

-0,008153

-0,01123

7,38E-02

2,48E-02

3,02E-02

1,78E-02

2,22E-02

2,54E-02

0,2707

0,1656

0,5123

0,4061

0,2317

0,1514

8,04E-02

6,86E-02

0,0001891

7,14E-02

8,66E-02

0,0001191

0,196

0,1177

0,106

0,09429

0,09586

0,1043

Lead (+II)

0,0005531

3,38E-02

0,0002174

0,0001031

0,0001327

0,0001214

Nickel (+II)

4,25E-02

3,59E-02

0,0001028

-2,57E-02

8,45E-05

8,11E-02

Chemical oxygen
demand (COD)
Chromium (total)
Iron

Nitrogenous Matter
(unspecified, as N)
Phosphate

0,0211

0,0357

0,02335

-0,04869

0,05938

0,05119

8,09E-02

5,85E-02

0,0002908

0,0004015

0,0003767

0,0003973

Phosphorus

0,001268

0,0001522

0,0008912

0,001258

0,0008285

0,000804

Solids (dissolved)

1,13E-05

0,005998

0,01715

0,008607

0,003042

0,003085

Zinc (+II)

0,002958

-6,87E-03

0,004078

0,001564

0,001317

0,000128
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Agreement
“Worldsteel establishes agreement with LCA database vendors or consultants or
advanced users to encourage broad use of the data in the interests of good LCA
practice. The tool is fully based on the methodology for recycling that is provided in the
methodology report.
By using the data, you agree with the following points:
The Worldsteel LCI database is provided free of charge.
- When the Worldsteel database is included in a database for different products, it
shall be supplied with the main database of the software (or tool), i.e. at no extra
cost for the buyer, nor as an extra library,
- The data sheets shall include a reference source (i.e. contacts details either for
the Worldsteel web site or directly to the Worldsteel LCA Manager:
www.worldsteel.org / lca@worldsteel.org)
- The Worldsteel LCI Methodology Report 1999/2000 shall be provided on
request to users of the data. The new report will be made available in the near
future.
- Version updates will be available following data improvements and extra LCI
information supplied by companies around the world. Please accept these
updates (e.g. version changes), and update the database system as required.
- The database vendor will provide Worldsteel with information about the users of
the database (e.g. on a 6-monthly basis, and at least once a year).
- The datasheets are supplied only for the purpose of the study for which it was
requested. Should they be required for any another purpose, Worldsteel must be
contacted beforehand.
- The user shall not provide the database on public websites or communicate the
full inventories externally without Worldsteel agreement.
- The user shall not tamper with the Worldsteel tool or data in any way.”
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Contacts
 Name: Rossi Barbara
Address:
University of Liège
BAT B52 - BUR +1/437
Chemin des chevreuils, 1
4000 Liège
Belgium
T:
+32 4 366 9614
F:
+32 4 366 9192
e-mail: barbara.rossi@ulg.ac.be
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COST C25 – WG2/WP5
Datasheet for stainless steel products Prepared by:
Barbara Rossi

University of Liège, Barbara.rossi@ulg.ac.be, +32 4 366 9614

DATASHEET FOR STAINLESS STEEL PRODUCTS

0. Description of this datasheet
This datasheet concerns stainless steel flat products. It was prepared using data issued
by ArcelorMittal Stainless, the contact is Dr. Lionel Aboussouan
(lionel.aboussouan@arcelormittal.com). The date of issue is 2nd March 2010.
1. Description of the products
1.1 Chemical composition per grade (with possible small variation):

304 (austenitic)
316 (austenitic)
430 (ferritic)
2205 (duplex)

Cr

Ni

C

Mn

Si

P

S

N

Mo

18–20
16-18
16-18
21-23

8–10,50
10-14
0,75
4,5-6,5

0,08
0,08
0,12
0,30

2
2
1
2

0,75
0,75
1
1

0,045
0,045
0,04
0,3

0,03
0,03
0,03
0,02

0,1
0,1

2-3

0,14-0,2

3-3,5

1.2. Product description:
COLD-ROLLED COIL (Cold Rolled Steel)
Cold rolled coil is obtained by a further thickness reduction of a hot rolled coil. This
step is achieved at low temperature in a cold-reduction mill. It can be found on the
market in the form of coils but require further processing to obtain finished products.
The typical thickness ranges between 0.15 to 3 mm and the typical width ranges
between 600 mm to 2100 mm.
2. Environmental Assessment
2.1. System boundaries:
A life cycle inventory (LCI) study was carried out from the extraction of raw materials
in the ground through to the steel factory gate and including end-of-life (EOL)
recycling. The methodology is found in [1, 2, 3]. For the next data, (1) the recovery rate
RR, the fraction of material that is recaptured after one life-cycle, including the preconsumer scrap generated during the manufacturing process and the EOL scrap (postconsumer scrap), equals 75%, 85% or 95% and (2) the yield Y, representing the
ability of the secondary process to convert scrap into steel, equals 1/1.1.
LCI data were calculated for products derived via the blast furnace/basic oxygen
furnace route (based on raw materials and scrap) and the electric arc furnace route
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(mainly based on scrap). The scrap use for the stainless production is as follows,
1. Overall scrap = 57%
- Stainless Steel Scrap = 38.3 %
- Carbon steel scrap = 18.6 %
1. Scrap used for ferritic = 56.1% (Eu data)
- Stainless Steel Scrap = 14.6%
- Carbon steel scrap = 41.5%
2. Scrap used for austenitic = 71.7% (Eu data)
- Stainless Steel Scrap = 57.4%
- Carbon steel scrap = 14.3%
3. Scrap used for 200 series = 52.7% (Eu data)
- Stainless Steel Scrap = 27%
- Carbon steel scrap = 25.7%
Downstream processing into finished products (as cold-forming for instance), the use
phase and the end of life and scrap recovery processes are not included in the inventory.
It is possible to include downstream activities in collaboration with producers and
practitioners will have to add the use phase although this part is roughly pointless for
stainless steel products.
2.2 CO2 emissions and Primary Energy Demand (per ton of products) for all stainless
steel grades
RR=75%

RR=85%

RR=95%

CO2 [kg]
304

2929,5

2414,4

1899,2

316

2891,8

2301,8

1711,7

430

2448,6

2135,8

1823,1

2205

3389,5

2898,4

2407,2

PED from ren. and non ren. resources (net cal. value) [MJ]
304

46908,9

39302,4

31695,8

316

49626,8

40376,8

31126,9

430

35215,9

31877,1

28538,3

2205

52359,1

45690,4

39021,7
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Fig. 1: Primary energy demand for renewable and non renewable energy for the selected grades with
regard to the recycling rate

Fig. 2: CO2 emissions for the selected grades with regard to the recycling rate

3. Inventory Results – RR=75, 85 and 95%
The LCI data include information on the primary energy demand (MJ/ton), resources
(kg/ton), emissions to air (kg/ton) and to fresh and sea water (kg/ton).
Inventory results for 304 stainless steel grade
RR=75%

RR=85%

RR=95%

Cradle to Gate including Recycling
PED from ren. and non ren. resources (net cal. value) [MJ]
PED from ren. resources (net cal. value) [MJ]
PED from non ren. resources (net cal. value) [MJ]
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46908,9

39302,4

31695,8

6406,8

6135,4

5864

40502,1

33167

25831,9
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Resources
Energy resources
Non renewable energy resources
Renewable energy resources
Material resources
Non renewable elements
Chromium
Molybdenum
Nickel
Non renewable resources
Bauxite
Copper ore (1.2%)
Dolomite
Iron ore
Iron ore (65%)

85436

76859

68283

1081,9

846,96

611,99

1056

834,81

613,64

25,945

12,145

-1,6554

84354

76012

67671

194,34

140,88

87,426

153,44

118,14

82,841

0,0074233

0,0074233

0,0074233

40,278

22,278

4,2783

5085,5

4464,1

3842,6

44,21

44,209

44,209

0,0035159

0,0034617

0,0034075

54,758

53,763

52,769

265,24

72,471

-120,3

0,0023687

0,0023525

0,0023363

219,73

216,76

213,8

0,0013146

0,0012998

0,0012849

Manganese ore (R.O.M.)

20,711

20,711

20,711

Molybdenite (Mo 0,24%)

7,4495

7,4492

7,449

79074

71407

63741

Limestone (calcium carbonate)
Manganese ore

Renewable resources
Water

72773

65756

58739

Air

6277,3

5628,4

4979,6

219,2

218,28

217,36

11028

9760,7

8493,5

0,13082

0,108

0,085184

0,01054

0,0026849

-0,00517

Cadmium

7,89E-05

5,09E-05

2,28E-05

Chromium (+III)

0,021561

0,01658

0,011598

Carbon dioxide
Emissions to air
Heavy metals to air
Arsenic

7,67E-05

7,25E-05

6,83E-05

Chromium (unspecified)

0,0044157

0,0042184

0,0040212

Copper

0,0096265

0,0095788

0,0095311

Iron

0,0014909

0,0014907

0,0014904

Lead

0,0061099

0,0059455

0,0057811
4,57E-05

Chromium (+VI)

0,00061579

0,00033073

Molybdenum

4,93E-05

4,92E-05

4,92E-05

Nickel

0,045441

0,044683

0,043925

0,00068288

0,00054946

0,00041603

5741,6

5018,9

4296,3

Carbon dioxide

2929,5

2414,4

1899,2

Carbon monoxide

10,728

8,8422

6,9567

Mercury

Tin
Inorganic emissions to air

Hydrogen chloride

0,32948

0,22249

0,1155

Hydrogen fluoride

0,048612

0,040254

0,031897

Hydrogen phosphorous

1,33E-09

1,31E-09

1,29E-09

Hydrogen sulphide

0,031964

0,02791

0,023856

Nitrogen monoxide

1,02E-07

1,01E-07

1,00E-07

Nitrogen oxides

7,3972

5,2192

3,0412

Sulphur dioxide

29,264

26,133

23,001

6,8328

5,3369

3,841

Organic emissions to air (group VOC)
Methane
VOC (unspecified)
Particles to air
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0,086306

0,070101
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2,0386
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1,08E+05

Flows

1,00E+05

92334

22557

22556

22555

Analytical measures to fresh water

13,311

12,936

12,561

Biological oxygen demand (BOD)

0,69863

0,68233

0,66604

Chemical oxygen demand (COD)

8,2455

7,9138

7,5822

Emissions to fresh water

Heavy metals to fresh water
Arsenic

0,66239

0,66209

0,66179

6,10E-05

6,04E-05

5,98E-05

Cadmium

7,05E-05

6,39E-05

5,73E-05

Chromium (+III)

0,016756

0,016754

0,016753

Chromium (+VI)

1,91E-05

1,91E-05

1,91E-05

0,016934

0,016932

0,01693

0,0014296

0,0014263

0,0014231

Iron

0,25792

0,2582

0,25847

Lead

Chromium (unspecified)
Copper

0,0023168

0,0023038

0,0022907

Manganese

0,026099

0,026016

0,025934

Mercury

1,84E-06

1,82E-06

1,80E-06

0,30727

0,30727

0,30727
0,014215

Molybdenum
Nickel

0,014325

0,01427

Tin

1,51E-07

1,51E-07

1,50E-07

Zinc

0,013883

0,013827

0,013771

Inorganic emissions to fresh water
Acid (calculated as H+)
Nitrate
Nitrogen (as total N)
Nitrogen organic bounded
Phosphate
Sulphate
Flows

11,962

11,282

10,603

0,00015473

0,00015444

0,00015416

0,10479

0,10451

0,10423

0,073132

0,073132

0,073132

0,0040015

0,0039761

0,0039506

0,094159

0,094142

0,094125

2,7458

2,6823

2,6188

1,08E+05

1,00E+05

92334

243,75

243,68

243,61

0,0086521

0,0085764

0,0085007

Biological oxygen demand (BOD)

0,00019479

0,00019402

0,00019325

Chemical oxygen demand (COD)

0,0082721

0,0081979

0,0081237

0,0059342

0,0059199

0,0059056

Arsenic

3,00E-05

2,97E-05

2,95E-05

Cadmium

1,86E-05

1,82E-05

1,77E-05

0,00035706

0,00035666

0,00035626

Emissions to sea water
Analytical measures to sea water

Heavy metals to sea water

Chromium (unspecified)

5,31E-05

5,27E-05

5,23E-05

Iron

0,0003936

0,00038932

0,00038505

Lead

1,12E-05

1,11E-05

1,11E-05

Manganese

4,12E-05

4,07E-05

4,03E-05

Copper

2,92E-07

2,89E-07

2,86E-07

0,0040885

0,0040885

0,0040885

0,00013384

0,00013356

0,00013328

3,14E-09

3,13E-09

3,12E-09

0,00067682

0,00066985

0,00066288

7,0473

6,9775

6,9077

0,3068

0,3068

0,3068

Sulphate

0,035616

0,035251

0,034886

Sulphide

0,015115

0,014958

0,0148

Mercury
Molybdenum
Nickel
Tin
Zinc
Inorganic emissions to sea water
Nitrate
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Inventory results for 316 stainless steel grade
RR=75%

RR=85%

RR=95%

Cradle to Gate including Recycling
PED from ren. and non ren. resources (net cal. value) [MJ]
PED from ren. resources (net cal. value) [MJ]
PED from non ren. resources (net cal. value) [MJ]

49626,8

40376,8

31126,9

7401,3

7020,6

6639,8

42225,4

33356,2

24487

92843

79037

65232

1104,8

822,81

540,85

Non renewable energy resources

1049,5

789,15

528,76

Renewable energy resources

55,224

33,658

12,091

Resources
Energy resources

91739

78215

64691

173,3

111,63

49,956

Chromium

92,674

61,296

29,918

Molybdenum

18,081

14,381

10,681

Nickel

59,463

35,463

11,463

12794

10399

8004,6

44,415

44,415

44,414

0,0038163

0,0037681

0,0037199

Dolomite

58,362

57,605

56,849

Iron ore

306,83

92,968

-120,89

0,0023746

0,0023602

0,0023458

237,23

232,21

227,19

Material resources
Non renewable elements

Non renewable resources
Bauxite
Copper ore (1.2%)

Iron ore (65%)
Limestone (calcium carbonate)

0,0014033

0,00139

0,0013768

Manganese ore (R.O.M.)

12,074

12,074

12,074

Molybdenite (Mo 0,24%)

8,5694

8,5692

8,5689

78771

67704

56636

Manganese ore

Renewable resources
Water

73933

63443

52953

Air

4823,6

4246,8

3670,1

Carbon dioxide

238,91

238,1

237,28

Emissions to air
Heavy metals to air

9325,2

8063,3

6801,5

0,14858

0,11946

0,09033

0,01889

0,0084276

-0,0020345

0,00010257

6,60E-05

2,95E-05

Chromium (+III)

0,013071

0,0086294

0,0041879

Chromium (+VI)

5,94E-05

5,56E-05

5,19E-05

0,0040061

0,0038411

0,003676

0,010324

0,010263

0,010202

Iron

0,00082257

0,00082236

0,00082215

Lead

0,006302

0,0061177

0,0059334

0,00094391

0,00056517

0,00018642

0,0056513

0,0046512

0,0036512

Arsenic
Cadmium

Chromium (unspecified)
Copper

Mercury
Molybdenum
Nickel
Tin
Inorganic emissions to air
Carbon dioxide

0,04988

0,048882

0,047884

0,00043781

0,00031921

0,00020061

5254,1

4477

3699,9

2891,8

2301,8

1711,7

Carbon monoxide

9,8716

7,8874

5,9032

Hydrogen chloride

0,37535

0,23829

0,10122

Hydrogen fluoride

0,031385

0,023692

0,015999

Hydrogen phosphorous

4,08E-09

4,06E-09

4,04E-09

Hydrogen sulphide

0,019438

0,015851

0,012264

518

Appendix 1 – Data Sheets of construction materials and products
______________________________________________________________________________________________________

Hydrogen sulphide

0,019438

0,015851

0,012264

Nitrogen monoxide

9,85E-08

9,78E-08

9,71E-08

Nitrogen oxides

7,7344

5,0738

2,4131

Sulphur dioxide

32,525

28,301

24,077

6,4326

4,6813

2,93

Organic emissions to air (group VOC)
Methane
VOC (unspecified)
Particles to air
Flows

5,1551

3,9074

2,6598

0,10879

0,087182

0,065578

3,264

2,1544

1,0449

96428

85742

75057

10806

10803

10801

Analytical measures to fresh water

14,29

13,874

13,458

Biological oxygen demand (BOD)

0,78968

0,76799

0,74631

Emissions to fresh water

Chemical oxygen demand (COD)
Heavy metals to fresh water

8,9791

8,6209

8,2627

0,74057

0,72976

0,71896

Arsenic

6,07E-05

6,01E-05

5,94E-05

Cadmium

7,78E-05

6,75E-05

5,73E-05

Chromium (+III)

0,028922

0,026945

0,024967

Chromium (+VI)

8,95E-06

8,95E-06

8,95E-06

Chromium (unspecified)

0,018702

0,0187

0,018698

Copper

0,014964

0,01221

0,0094569

Iron

0,25763

0,25485

0,25207

Lead

0,002572

0,0025346

0,0024973

Manganese

0,030969

0,030395

0,029822

Mercury

2,36E-06

2,05E-06

1,75E-06

Molybdenum
Nickel

0,35108

0,34923

0,34737

0,015617

0,015272

0,014928

Tin

2,78E-07

2,78E-07

2,78E-07

Zinc

0,015318

0,015161

0,015005

Inorganic emissions to fresh water
Acid (calculated as H+)
Nitrate
Nitrogen (as total N)
Nitrogen organic bounded
Phosphate
Sulphate
Flows
Emissions to sea water

16,609

14,668

12,727

0,00037316

0,00037291

0,00037266

0,11387

0,11358

0,1133

0,044545

0,044545

0,044545

0,0044268

0,0044042

0,0043815

0,10488

0,10483

0,10479

5,5888

4,9497

4,3107

96428

85742

75057

5692,6

5692,5

5692,5

0,03032

0,025503

0,020685

Biological oxygen demand (BOD)

0,021438

0,016687

0,011936

Chemical oxygen demand (COD)

0,0087259

0,00866

0,0085941

0,35241

0,3524

0,35238

3,00E-05

2,97E-05

2,95E-05

Analytical measures to sea water

Heavy metals to sea water
Arsenic
Cadmium

1,77E-05

1,73E-05

1,69E-05

Chromium (unspecified)

0,019719

0,019719

0,019718

5,16E-05

5,12E-05

5,09E-05

Iron

0,00045064

0,00044684

0,00044304

Lead

1,06E-05

1,06E-05

1,05E-05

Manganese

4,72E-05

4,68E-05

4,64E-05

Mercury

3,08E-07

3,06E-07

3,03E-07

0,31196

0,31196

0,31196

Copper

Molybdenum
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0,010803

Nickel

0,010803

0,010802

Tin

2,64E-09

2,63E-09

2,62E-09

Zinc

0,004571

0,0045648

0,0045586

8,5348

8,4728

8,4108

0,34733

0,34733

0,34732

Sulphate

0,03971

0,039385

0,039061

Sulphide

0,016885

0,016745

0,016605

Inorganic emissions to sea water
Nitrate

Inventory results for 430 stainless steel grade
RR=75%

RR=85%

RR=95%

Cradle to Gate including Recycling
PED from ren. and non ren. resources (net cal. value) [MJ]
PED from ren. resources (net cal. value) [MJ]
PED from non ren. resources (net cal. value) [MJ]
Resources
Energy resources

35215,9

31877,1

28538,3

3834,1

3773,3

3712,5

31381,7

28103,8

24825,8

44134

41581

39028

1000,4

888,09

775,81

1000,3

888,06

775,78

0,030621

0,030398

0,030175

43134

40693

38252

100,48

66,873

33,263

99,453

66,114

32,774

0,017736

0,017736

0,017736

0,0078112

0,0078112

0,0078112

6398,2

5866,3

5334,5

39,514

39,513

39,513

0,0016134

0,0015623

0,0015111

Dolomite

22,844

21,107

19,37

Iron ore

432,96

300,6

168,24

0,0024239

0,0024086

0,0023933

223,65

226,99

230,32

0,0011295

0,0011155

0,0011015

Non renewable energy resources
Renewable energy resources
Material resources
Non renewable elements
Chromium
Molybdenum
Nickel
Non renewable resources
Bauxite
Copper ore (1.2%)

Iron ore (65%)
Limestone (calcium carbonate)
Manganese ore
Manganese ore (R.O.M.)

1,1098

1,1097

1,1096

Molybdenite (Mo 0,24%)

0,17236

0,17211

0,17186

36635

34760

32884

Water

30009

28747

27485

Air

6618,2

6005,4

5392,7

Carbon dioxide

158,13

157,26

156,4

Renewable resources

Emissions to air
Heavy metals to air
Arsenic
Cadmium
Chromium (+III)

11166

10147

9127,9

0,051906

0,047157

0,042408

0,0001485

0,000125

0,00010151

0,00011221

0,00011048

0,00010875

0,013978

0,0093018

0,004626

Chromium (+VI)

1,23E-05

8,30E-06

4,29E-06

Chromium (unspecified)

0,012247

0,011997

0,011746

Copper

7,20E-05

6,69E-05

6,18E-05

Iron

0,022838

0,022837

0,022837

Lead

0,00059172

0,00047076

0,00034979

Mercury

4,95E-05

4,49E-05

4,04E-05

Molybdenum

5,57E-06

5,56E-06

5,54E-06

0,00043475

0,00040726

0,00037976

Nickel
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Tin

0,00044462

0,00031861

0,0001926

5558,8

5052,8

4546,9

Carbon dioxide

2448,6

2135,8

1823,1

Carbon monoxide

7,5412

5,6722

3,8033

Hydrogen chloride

0,10788

0,087329

0,066777

Hydrogen fluoride

0,033346

0,026013

0,018681

Hydrogen phosphorous

5,97E-10

5,80E-10

5,62E-10

Hydrogen sulphide

0,041632

0,035752

0,029873

Nitrogen monoxide

Inorganic emissions to air

4,15E-08

4,08E-08

4,01E-08

Nitrogen oxides

4,3774

3,5598

2,7423

Sulphur dioxide

7,1519

5,5402

3,9284

4,8118

4,1689

3,526

4,413

3,7959

3,1788

0,018358

0,018354

0,01835

1,7684

1,4119

1,0554

71687

68701

65715

Organic emissions to air (group VOC)
Methane
VOC (unspecified)
Particles to air
Flows

20787

20786

20785

Analytical measures to fresh water

0,9424

0,76091

0,57942

Biological oxygen demand (BOD)

0,0021751

0,0020849

0,0019947

Chemical oxygen demand (COD)

0,92246

0,74138

0,5603

0,55796

0,55941

0,56087

Arsenic

4,72E-05

4,68E-05

4,64E-05

Cadmium

5,21E-05

4,51E-05

3,82E-05

0,00047278

0,00047235

0,00047192

Emissions to fresh water

Heavy metals to fresh water

Chromium (+III)

1,99E-05

1,99E-05

1,99E-05

Chromium (unspecified)

0,00030124

0,00030015

0,00029906

Copper

Chromium (+VI)

0,00014027

0,00013831

0,00013634

Iron

0,54588

0,54786

0,54984

Lead

0,00024063

0,00023693

0,00023324

0,0024709

0,0023928

0,0023148

1,39E-06

1,38E-06

1,36E-06

0,00023579

0,0002321

0,00022841

0,0029704

0,0029598

0,0029493

Manganese
Mercury
Molybdenum
Nickel
Tin

7,79E-07

7,79E-07

7,78E-07

Zinc

0,0010837

0,00099536

0,00090707

16,42

15,793

15,165

9,22E-05

9,19E-05

9,17E-05

0,83708

0,83682

0,83656

0,053965

0,053965

0,053965

0,0010419

0,0010178

0,0009938

0,00028399

0,00026833

0,00025267

2,2486

2,2047

2,1609

Inorganic emissions to fresh water
Acid (calculated as H+)
Nitrate
Nitrogen (as total N)
Nitrogen organic bounded
Phosphate
Sulphate
Flows
Emissions to sea water

71687

68701

65715

1811,8

1811,8

1811,7

0,0033731

0,0033016

0,00323

Biological oxygen demand (BOD)

0,00013549

0,00013476

0,00013403

Chemical oxygen demand (COD)

0,0031249

0,0030548

0,0029847

Analytical measures to sea water

0,00066394

0,00065044

0,00063694

Arsenic

1,38E-05

1,35E-05

1,33E-05

Cadmium

9,99E-06

9,54E-06

9,09E-06

Heavy metals to sea water
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6,65E-05

Chromium (unspecified)

6,61E-05

6,58E-05

2,57E-05

2,54E-05

2,50E-05

Iron

0,00010839

0,00010435

0,00010031

Lead

5,55E-06

5,48E-06

5,40E-06

Manganese

1,13E-05

1,09E-05

1,05E-05

Copper

1,10E-07

1,08E-07

1,05E-07

0,00020208

0,00020208

0,00020208

Nickel

1,75E-05

1,73E-05

1,70E-05

Tin

1,28E-09

1,27E-09

1,26E-09

0,00017924

0,00017266

0,00016608

Mercury
Molybdenum

Zinc

2,108

2,0421

1,9762

Nitrate

0,015194

0,015193

0,015192

Sulphate

0,011276

0,010931

0,010586

Sulphide

0,00465

0,0045013

0,0043525

Inorganic emissions to sea water

Inventory results for 2205 stainless steel grade
RR=75%

RR=85%

RR=95%

Cradle to Gate including Recycling
PED from ren. and non ren. resources (net cal. value) [MJ]
PED from ren. resources (net cal. value) [MJ]
PED from non ren. resources (net cal. value) [MJ]

52359,1

45690,4

39021,7

7763,9

7513,2

7262,5

44595,1

38177,2

31759,2

82504

72226

61949

1154,8

944,18

733,53

Non renewable energy resources

1138,8

939,62

740,43

Renewable energy resources

16,028

4,5612

-6,9059

Resources
Energy resources

81349

71282

61215

315,31

254,59

193,88

Chromium

294,09

250,94

207,8

Molybdenum

21,323

16,883

12,443

Nickel

5,2138

-4,7862

-14,786

16586

13765

10944

Material resources
Non renewable elements

Non renewable resources
Bauxite
Copper ore (1.2%)

91,018

91,017

91,017

0,0040342

0,003968

0,0039018

Dolomite

32,702

31,684

30,666

Iron ore

67,896

-74,907

-217,71

0,0046858

0,004666

0,0046462

267,68

266,83

265,98

0,001154

0,0011358

0,0011177

Manganese ore (R.O.M.)

47,234

47,233

47,233

Molybdenite (Mo 0,24%)

0,11213

0,1118

0,11148

64448

57262

50077

Water

54488

48096

41705

Air

9920,5

9127,5

8334,5

328,7

327,58

326,46

Iron ore (65%)
Limestone (calcium carbonate)
Manganese ore

Renewable resources

Carbon dioxide
Emissions to air
Heavy metals to air
Arsenic
Cadmium
Chromium (+III)
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15842

14434

13026

0,14153

0,12392

0,1063

-0,0038084

-0,0081888

-0,012569

4,12E-05

2,43E-05

7,42E-06

0,04124

0,035172

0,029104
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4,33E-05

3,81E-05

3,29E-05

0,0050499

0,0048247

0,0045996

0,01005

0,01002

0,0099903

Iron

0,0081504

0,0081501

0,0081498

Lead

0,0068528

0,0066966

0,0065404

Mercury

-1,07E-05

-0,00017479

-0,00033889

Molybdenum

0,0082244

0,0070243

0,0058243

0,046467

0,046027

0,045586

0,0012288

0,0010657

0,00090267

7542,7

6799,4

6056,1
2407,2

Chromium (+VI)
Chromium (unspecified)
Copper

Nickel
Tin
Inorganic emissions to air

3389,5

2898,4

Carbon monoxide

13,08

11,358

9,6362

Hydrogen chloride

0,2306

0,1521

0,07359

Hydrogen fluoride

0,079315

0,069495

0,059676

Hydrogen phosphorous

1,33E-07

1,33E-07

1,33E-07

Hydrogen sulphide

0,023372

0,019387

0,015401

Nitrogen monoxide

6,55E-08

6,46E-08

6,37E-08

Nitrogen oxides

8,6479

6,7609

4,8739

Sulphur dioxide

39,018

35,202

31,386

8,0527

6,6767

5,3006

7,7343

6,6021

5,4699

0,027904

0,018899

0,0098937

3,0851

2,3016

1,5182

87312

79345

71377
7147,5

Carbon dioxide

Organic emissions to air (group VOC)
Methane
VOC (unspecified)
Particles to air
Flows

7153,4

7150,4

Analytical measures to fresh water

5,9529

5,62

5,2871

Biological oxygen demand (BOD)

0,0050366

-0,0040801

-0,013197

Chemical oxygen demand (COD)

1,6978

1,3894

1,081

Emissions to fresh water

Heavy metals to fresh water
Arsenic

0,2085

0,19546

0,18243

4,84E-05

4,78E-05

4,72E-05

0,00010833

9,51E-05

8,19E-05

Chromium (+III)

0,011659

0,0092878

0,0069165

Chromium (+VI)

6,34E-06

6,34E-06

6,34E-06

Cadmium

Chromium (unspecified)

9,41E-05

9,15E-05

8,89E-05

Copper

0,016162

0,012859

0,0095553

Iron

0,15196

0,14857

0,14518

Lead

0,0011099

0,0010738

0,0010377

Manganese

0,0059172

0,0052161

0,0045151

Mercury

2,05E-06

1,69E-06

1,34E-06

Molybdenum

0,011024

0,0087989

0,0065741

0,0034903

0,0031235

0,0027568

2,62E-06

2,62E-06

2,62E-06

0,00060765

0,00041486

0,00022206

Nickel
Tin
Zinc
Inorganic emissions to fresh water
Acid (calculated as H+)

18,976

16,562

14,148

0,010992

0,010992

0,010992

0,18546

0,18508

0,18469

Nitrogen (as total N)

0,0062491

0,0062491

0,0062491

Nitrogen organic bounded

0,0016711

0,00164

0,0016089

Phosphate

0,0007005

0,00064395

0,0005874

6,3153

5,559

4,8028

Nitrate

Sulphate
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87312

Flows
Emissions to sea water
Analytical measures to sea water

79345

71377

43,618

43,526

43,434

0,029604

0,023811

0,018018

Biological oxygen demand (BOD)

0,023389

0,017688

0,011987

Chemical oxygen demand (COD)

0,0060723

0,0059817

0,005891

0,001009

0,00099151

0,00097404

Arsenic

1,97E-05

1,94E-05

1,91E-05

Cadmium

1,59E-05

1,53E-05

1,47E-05

Chromium (unspecified)

5,66E-05

5,61E-05

5,56E-05

Copper

3,59E-05

3,54E-05

3,49E-05

Iron

0,00029185

0,00028662

0,0002814

Lead

7,51E-06

7,42E-06

7,32E-06

Manganese

3,05E-05

3,00E-05

2,94E-05

Mercury

2,12E-07

2,09E-07

2,06E-07

Molybdenum

1,10E-09

1,10E-09

1,10E-09

Nickel

2,19E-05

2,16E-05

2,13E-05

Tin

3,92E-09

3,91E-09

3,89E-09

0,00047636

0,00046785

0,00045933

4,8713

4,786

4,7008

Nitrate

7,85E-05

7,71E-05

7,57E-05

Sulphate

0,025916

0,02547

0,025024

Sulphide

0,010905

0,010712

0,01052

Heavy metals to sea water

Zinc
Inorganic emissions to sea water

Agreement
The data sheets shall include a reference source i.e. contacts details either for the
worldstainless web site or directly to Dr. Lionel Aboussouan
(lionel.aboussouan@arcelormittal.com).
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DATASHEET FOR ALUMINIUM
1. Description of Aluminium
1.1. Field and range of applications
In civil engineering works, aluminum is concerned usually as a metal whose basic
ingredient is either aluminum or aluminum alloys. Pure aluminum is a metal with a
strength varied from 90 N/mm2 to 140 N/mm2, thus its use in construction is reluctant.
When it is added with other metals such as Mg, or Si though, then aluminum alloys are
formed, whose strength is high and in some cases it can reach 500 N/mm2.
Aluminum alloys are classified in various categories regarding their chemical
composition and their further process they are subjected to, whereas every alloy is
characterized by unique properties and exhibits different structural behavior. Aluminum
alloys are divided into two categories, namely wrought alloys, which are worked to
shape and cast alloys, which are poured in a molten state into a mold that determines
their shape. While strength and other properties for both products are dependent on their
ingredients or the selective addition of alloying elements, further variations on these
properties can be achieved by tempering, a process that refers to the alteration of the
mechanical properties of a metal by means of either mechanical or thermal treatment.
Temper can be produced in wrought products by the strain hardening that results from
cold working. Thermal treatments may be used to obtain temper in cast products, as
well as in those wrought products identified as heat-treatable.
Conversely, the wrought alloys that can only be strengthened by cold work are
designated non-heat-treatable. Regarding wrought aluminium alloys, the basic types
that are used in industry and construction are summarized in Table 1.
Wrought aluminium alloys are tempered by heat-treating or strain hardening to further
increase beyond the strengthening effect of adding alloying elements. They are divided
into two groups based on whether or not their strengths can be increased by heattreating. The classification depends on the alloying elements and generally, the 2xxx,
6xxx and 7xxx wrought series are the 1xxx, 3xxx, 4xxx, 5xxx series wrought alloys are
heat treatable, while the 1xxx, 3xxx, 4xxx, 5xxx series wrought alloys can only be
strengthened by cold working.
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Table 1. Basic categories of aluminium alloys
Series number
1xxx
2xxx
3xxx
4xxx
5xxx
6xxx
7xxx

Primary alloying element
None- Pure Aluminium
Copper
Manganese
Silicon
Magnesium
Magnesium and Silicon
Zinc and Magnesium

In the last decade, modern technology permits the production of aluminium alloys in a
variety of different types exhibiting a wide range of mechanical properties (Fig.1). This
leads to a continuous increase in the use of aluminium members in various structural
applications, such us wide span roofs, offshore decks, curtain-wall systems, etc. The
ability to produce a wide variety of structural cross sections, combined with the high
strength over material weight ratio are the two main reasons for the use of aluminium in
constructions instead of other competitive materials such as steel cooper and timber.

Figure 1. Aluminium alloy profiles

Aluminium alloys represent a wide family of constructional materials, whose
mechanical properties make them extremely popular in civil engineering works and
cover an extended range of application fields. In spite of their higher initial cost
compared with structural mild steel, such materials are finding increased application in
the structural field due to their peculiar features, which generally offer several benefits
when the whole lifetime of the project is considered, as they exhibit high mechanical
behaviour and good ductility as steel. In addition, their physical properties, such as
lightness give advantages as erection phases can be simplified, as the loads transmitted
to foundations can be reduced and as the physical labour can be reduced. Another
characteristic of aluminium alloys is their corrosion resistance, which results in
reducing the maintenance costs and adopting a good performance in highly corrosive
environments. It is noteworthy that the functionality of aluminium alloys regarding
geometrical shapes can make them really competitive as the geometrical properties can
be improved through the design of sections, as stiffened shapes can be obtained without
using built up systems and as simplifying connecting systems among different structural
members, thus improving joint details.
Aluminium applications can be both structural and non structural. Regarding structural
applications, aluminium alloys are usually used in large span roof systems, where live
loads are small compared to dead loads. In addition they are used in structures located
in inaccessible places far from the fabrication shop, thus they can provide transport
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in inaccessible places far from the fabrication shop, thus they can provide transport
economy and ease of erection. In structures like swimming pool roofs, marines, river
bridges, which are characterized be humid environments, the aluminium alloys is
preferable.
In the building sector, the popularity of aluminium alloys in load carrying structures as
well as in secondary or decorative elements has increased significantly over the past 50
years. Currently, a total of 26% of all aluminium products is used in building
applications. Where with 51% they represent the biggest customer of the extrusion
market and cover 11% of the rolled products market. All kinds of aluminium products
are used in new home construction and in rehabilitation and renovation of existing
structures. The range of building applications of aluminium is extensive: it is commonly
used in the building envelope for facades, glazed and roofing systems, curtain walling,
window frames and doors. It is also applied for railings, balconies, staircases, heating/
air conditioning and solar elements (Fig. 2).

Figure 2. Aluminum in building applications [EAA]

1.2. Components
Aluminium is a natural material. It is the 3rd most abundant element in the earth crust.
It is produced from bauxite, whereas bauxite mining is a relatively small land use
operation when compared to other types of mining. That is the main reason why disused
mining sites are very possible to reforest. For the production of one million tones of
aluminium metal, the bauxite that will be mined from a typical quarry of area less than
1Km2, the land area mined annually throughout the world is only 30Km2.
1.3 Production Phase
The basic raw material for the production of aluminium is bauxite, which is extracted
from bauxite mines and processed into aluminium oxide at alumina plants. It is
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from bauxite mines and processed into aluminium oxide at alumina plants. It is
estimated that for the production of 1 tone of aluminium 4 tones of bauxite are required.
The next step is the production of aluminium metal from aluminium oxide, where these
subsequent chemical and electrolytic processes consume a rather high amount of
energy. At this stage, carbon anodes and aluminium fluoride are added to the main raw
materials and aluminium is alloyed and casted into ingots for rolling, extrusion or
product casting.
Then, wrought aluminium products are fabricated from ingots by hot working, using
either a rolling or an extrusion process, which is normally followed by cold working
and/or finishing operations. Aluminium castings are manufactured by the solidification
of molten metal, followed by finishing operations.
It is noted, that during the several aluminium fabrication steps, aluminium production
scrap is formed which can be recycled either in a closed loop at the plant where it is
generated, or outside the plant by specialised remelters. In Figure 3, the life cycle
model of aluminium is depicted.

Figure 3. Life cycle model of aluminium

i) Bauxite Mining Process
The common raw material for aluminium production, bauxite is composed primarily of
one or more aluminium hydroxide compounds, plus silica, iron and titanium oxides as
the main impurities.

528

Appendix 1 – Data Sheets of construction materials and products
______________________________________________________________________________________________________

ii) Alumina Production
Alumina, the common name of aluminium oxide, is the vital intermediary leading from
bauxite to aluminium. Since 1893, alumina has been produced from bauxite by a
chemical process called the Bayer process.
iii) Electrolysis
The production process of primary aluminum can be divided into two parts, the
production of the anodes and the electrolysis itself. Aluminum is produced from
primary materials by the electrolytic reduction of aluminum oxide (alumina) dissolved
in a molten bath of mainlycryolite at a temperature of approximately 960 °C. Cell
systems vary according to anode type, pot configuration, and the method used to feed
alumina. There are two main types of electrolytic cells,Søderberg and Prebake. The
anodes are produced in anode baking furnaces.
iv) Anode production
Søderberg anodes are made on site from a paste of calcined petroleum coke and coal tar
pitch, which is baked by the heat arising from the molten bath. There are HSS and VSS
anodes.
Prebaked anodes are manufactured from a mixture of calcined petroleum coke and coal
tar pitch, which is formed into a block and baked in a separate anode plant. There are
SWPB (Side worked) and CWPB (Center worked) prebaked anodes.
The anode production plant is often an integrated part of the primary aluminium plant
and should be included in the definition of installation for such facilities, the
contribution of anode production to the total emissions should also be included
v) Primary ingot casting
Processed by state-of-the-art casting, rolling or extrusion processes, aluminium can
easily take virtually any shape, however intricate, offering unlimited potential for
sturdy, robust and lightweight structures to fit every need of the latest, the most
innovative, the most energy efficient applications. Constant research and development
have consistently brought about ever stronger alloys, always allowing less material to
be used to achieve equivalent or higher strength and resistance.
1.4 Maintenance
The use of structural aluminium elements of a variety of cross sections was widely used
in construction applications in the past few years and in now increasingly used since a
great variety of aluminium cross-sections are produced combined with many types and
methods of treatment, a fact that lends to them a wide range of mechanical properties.
Concerning maintenance point of view, aluminium owns its consolidation and its
frequent use in the following:
- Structural aluminium products exhibit very long duration of service life without any
need of serious maintenance.
- With aluminium structures architects and engineers satisfy their designing
requirements with small imposed load on the bearing structures, something direct
related with its maintenance.
- Structural aluminium products are manufactured from alloys that contain small
quantities of other materials (e.g. magnesium, silicon), which are durable in even
intense environment conditions.
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intense environment conditions.
- Aluminium members can be anodized in any colour, without significant maintenance
need. Apart from surface cleaning, it does not need any other maintenance, a
characteristic which helps in the essential reduction of maintenance cost.
- Products of aluminium are totally and repetitive recyclable, maintaining the initial
attributes of material, something that offers significant environmental profit (saving of
energy, natural resources).
1.5 Demolition
Aluminium parts are generally easily separated from the construction remains. Also is
most cases there are “clean” from other materials.

Figure 4. Demolished aluminium sections before recycling procedure

1.6 Recycling of aluminum
In the case of aluminium, this process allows to save 95% of the energy needed to
produce the virgin metal. Recycling is the ultimate environmental achievement. The
motives for the recycling of aluminum are important after the energy that is required for
the recycling of material is very decreased concerning the energy that is necessary for
the electrolyze of primary material.
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Figure 5. Recycling process, new and old scraps substitute primary aluminium [EAA]

Aluminum recycling rates in Europe are impressive. In Europe’s Northern countries, up
to 98% of the aluminium from buildings is recycled, whereas also more than 40% of
Europe’s aluminium supply comes from recycling. Moreover nearly 75% of the
aluminium ever produced is still in use today.
In practice, aluminium is not consumed but rather used. Therefore, the life cycle of an
aluminium product is usually not "cradle-to-grave", but rather "cradle-to-cradle". This
means that the life cycle of an aluminium product usually ends, when the recycled
aluminium is rendered in a form usable for a new aluminium product e.g. as an ingot
which is used to fabricate new aluminium products.
After the scrap melting the product is an aluminium alloy ingot. It is the same material
like the one produced from primary aluminium production, so it can directly substitute
primary aluminium.
2. Environmental Assessment
2.1. System boundaries
Towards the goal of environmental assessment of aluminium, as a structural material,
European Aluminium Association (EAA), the International Aluminium Institute (IAI)
and the Aluminium Association Inc., provide specific and reliable data on the life cycle
inventory of the material. In the following paragraphs, two sets of aluminium
environmental data results are presented which are varied regarding the geographical
area and the system boundaries. The first case refers to North America and the
production of 1t primary aluminium and the other one corresponds to the geographical
area of the 27 Members States of European Union and Norway, Switzerland and
Iceland and focuses on the primary aluminium production and on the fabrication of
extruded profiles.
In particular, for the production of 1 tone primary aluminium ingot in North America,
the life cycle of the primary material starts from the bauxite mining process goes
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the life cycle of the primary material starts from the bauxite mining process goes
through alumina production, anode production and then with electrolysis to primary
ingot casting. In the case of recycled aluminium after collecting and melting scraps,
primary aluminium is produced.
Regarding the second case, the data provided by the European Aluminium Association
and cover the geographical area of European Union and Norway, Switzerland and
Iceland, are used. There are two LCI results, one on primary aluminium production and
one for the fabrication of extrusion products.
Regarding the LCI data on primary aluminium, these correspond to the production of 1
tonne of ingot from aluminium, namely from bauxite mining up to the sawn aluminium
ingot ready for delivery. In the case of semi-production process, the inventory results
correspond to the transformation of a sawn aluminium ingot into 1 tone profile.
2.2. Environmental impact categories
The following impact assessment categories are elaborated:
 Water use,
 Energy use,
 Global Warming Potential (GWP),
 Eutrophication Potential (EP),
 Acidification Potential (AP),
 Ozone Layer Depletion Potential (ODP),
 Photochemical Oxidant Creation Potential (POCP)
3. Inventory Results
3.1. LCI results for the production of 1tone primary aluminium ingot in North America
3.1.1 Components and manufacturing phases
Table 2. Data for components-Environmental indicators [Aluminium Association]
Bauxite
Anode
Electrolysis
Alumina
Mining
production
Production
Process

Primary
Ingot
casting

Unit
m3
MJ

2,95
89

15,40
17000

0
1400

7,25
14250

1000 kg
0
1500

kg CO2

50

2120

530

8210

150

Eutrophication
Potential (EP)

kg
NOx

0,16

0,47

1,79

0,05

Acidification
Potential (AP)

kg SOx

1,80

9,16

38,92

0,55

kg

0,10

0,58

2,35

0,04

Water use
Energy use
Global Warming
Potential (GWP)

Photochemical
Oxidant Creation
Potential (POCP)

532

Appendix 1 – Data Sheets of construction materials and products
______________________________________________________________________________________________________

3.2. LCI results for the production of 1 tone primary aluminium ingot and 1 tone
aluminium extrusion product in European Union and Norway, Switzerland, Iceland.
3.2.1 Primary aluminium ingot
Table 3. Environmental indicators [EAA]
Primary
Auxiliary* Electricity
* *
production

Thermal
energy

Unit

Transport***

1000kg

Energy use (from non
renewable raw materials)

MJ

16872

4358

84169

24395

905

Energy use (from renewable
raw materials)

MJ

28

138

42162

56

1

Global Warming Potential
(GWP)

kg
CO2

2594

368

4826

1820

69

Eutrophication Potential (EP)

kg
NOx

0,19

0,06

1,13

0,38

Acidification Potential (AP)

kg
SOx

12,03

0,87

20,98

8,20

kg

0,659

0,067

1,293

0,541

Photochemical Oxidant
Creation Potential (POCP)

0,19
1,86
0,110

*

This process includes the direct material consumption or direct emissions associated with the primary
production process, namely bauxite mining, alumina production, anode/paste production, electrolysis
and casting.
**
This process includes all ancillary processes and materials used in the aluminium processes like caustic
soda, lime and alumina.
***
The transport process refers to sea transport only and in particular for bauxite and alumina.

3.2.2 Aluminium extrusion (for 1 tone)
Table 4. Environmental indicators [EAA]

Extrusion*, auxiliary
& thermal energy

Electricity

Unit
Energy use (from non
renewable raw materials)

MJ

4625

9686

Energy use (from renewable
raw materials)

MJ

398

748

Global Warming Potential
(GWP)

Kg CO2

227

498

Eutrophication Potential (EP)
Acidification Potential (AP)

Kg NOx
kg SOx

0,10
0,70

0,12
3,10

Kg

0,06

0,18

Photochemical Oxidant
Creation Potential (POCP)
*

This process includes the direct material consumption or direct emissions associated with the extrusion
process.
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4. Comparison to other materials
Structural aluminium is used in several applications instead of steel or even other metal
materials (Cooper, Zinc etc), in the table below the densities of several metal materials
are compared.
Table 5. Densities of several metal materials
Metal material
Density (kg/m3)
Material density / Aluminium density
Aluminium (Al)
2700
1,00
Lithium (Li)
530
0,20
Magnesium (Mg)
1740
0,64
Steel (Fe)
7850
2,90
Titanium (Ti)
4510
1,67
Cooper (Cu)
8930
3,31

In Figure 6, indicative stress-strain diagrams of various metal materials are presented.

Figure 6. Stress-strain diagrams of various metal materials

The material constants as they are a adopted Eurocode9 (EN 1999-1-1) to be used in
calculations for the aluminium alloys covered by the European Standard, compared to
corresponding values for steel, are as follows:
Table 6. Characteristic material constants of structural aluminum and structural steel
Material characteristic
Units
Aluminium Structural Steel
Unit mass
Kg/m3
2700
7850
Modulus of elasticity
N/mm2
70000
206000
Shear modulus
N/mm2
27000
81000
Poisson's ratio (ν)
0,30
0,30
-1
o
Coeff. of linear thermal expansion
23*10-6
12*10-6
C
o
Melting point
660
1550
C
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Education for Sustainable Construction
COST C25 International Symposium and Training School,
Malta, 2010
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1 INTRODUCTION
The COST Action C25 "Sustainability of Constructions - Integrated Approach to Life-time
Structural Engineering" is a network of scientists and researchers from 28 European countries
and the EU Joint Research Centre in Ispra. It was established to promote science-based developments in sustainable construction in Europe through research on life-time structural engineering. The COST Action has been active since 2006.
The Action concentrates on R&D issues that are fundamental for sustainable construction
processes and technologies. These include methods to assess environmental, social and economic impacts of construction activities; methods to analyse eco-efficiency of materials, components, buildings and infrastructures; methods to integrate research approaches from various
disciplines; and methods of structural design that incorporate holistic understanding of safety,
eco-efficiency and sustainability.
The Action has organised three major events, an event every year, where the findings of joint
efforts of the Members have been discussed and published:
1st Workshop in Lisbon, Portugal, on 13, 14 and 15 September 2007;
the Midterm Seminar in Dresden, Germany, on 6-7 October 2008;
International Workshop in Timisoara, Romania, on 23-24 October 2009.
Some of the Action results were already applied through the dissemination of the life-time engineering approach to the sustainability issues in tasks carried out by C25 members. However, a
short investigation of university syllabuses, completed by an add-hoc C25 group on educational
issues, has shown clearly the need for a new approach in teaching structural engineers on sustainability issues. One of the important aspects in filling this gap is the training of young research students. Three very successful Training Schools were organised by COST Action C25:
The first Training School was “The LCA Training School” which was organised for 16
participants in Eindhoven, The Netherlands, on 13-15 February 2008. The participants
were mainly Early Stage Researchers from C25 who could learn and deepen their
knowledge on the use of Life Cycle Analysis theories and tools.
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The second Training School “Sustainability in structures and structural interventions:
Improving the contemporary and historical urban habitat constructions within a sustainability and risk assessment framework” was held in Thessaloniki, Greece, on 17-24
May 2009. It was jointly organised by C25 and C26 and the number of Early Stage Researchers was 40, from these two COST Actions.
The third C25 Training School “Sustainable Construction: A Life Cycle Approach in
Engineering”, was organised in Malta from the 23rd July 2010, to the 1st August 2010.
An Early Stage Researchers Symposium was also organised just before the Training
School. The aim of the Training School was mainly to provide C25 and non-C25 Early
Stage Researchers and PhD students with theories, tools and assignments to address
sustainability in construction and the life-cycle approach in structural engineering.
2 EDUCATION FOR SUSTAINABLE DEVELOPMENT
2.1 Introduction
The construction industry addresses sustainability issues, and graduates are expected to develop
sustainable literacy as an essential professional skill. Murray (2007) notes that “a sustainability
literate person has been defined by Forum for the Future as someone who understands the need
for change to a sustainable way of doing things both individually and collectively, and has sufficient knowledge and skills to decide to act in a way that favours sustainable development”.
The educator’s responsibility is to make opportunities available for students to cultivate the attributes they need (Murray, 2007). The educator needs to ensure that graduates entering the construction profession have the required level of sustainability literacy that enables them to transfer their knowledge into practice.
It has also been noted that the approach of Higher education institutions to sustainability directly affects their enrolment figures. The results of a survey of university applicants in the UK
indicate that 45 per cent of applicants to built environment courses stated that an institutions’
track record on sustainable development was important or very important in their selection
(Goodman, 2007). The UK set out a sustainable development strategy in 2005 explaining the
need for higher education to promote sustainability literacy. Research by the Higher Education
Academy found that coverage of education for sustainable development in the curriculum of
higher education institutions in the UK is uneven within and across disciplines (The Higher
Education Academy, 2006)
Education for sustainable development is also considered to differ from other subjects in built
environment disciplines as it is a professional issue alongside being a personal dilemma. If considered correctly, education for sustainability should give the opportunity for students to learn
how to use their thinking on sustainable development to impact their professional lives (McCullough et al, 2009). It is reported that education for sustainable development benefits from educators who are willing to be a part of the sustainability debate, both academically and through
their lifestyles. Institutions also need to consider their role in the integration of sustainability
within the curriculum.
2.2 A Multi-Disciplinary & Holistic Approach
The construction sector essentially requires professions from different sectors to work in a team
and develop projects in collaboration together, from their inception and up to execution and
completion. Wright (2003) notes that; “Sustainability is an activity of the collective, underlined
with the need for co-operation and teamwork.” Education for sustainable development in the
built environment requires the same multidisciplinary and holistic approach.
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The education programmes need to reflect the holistic approach required in the industry, and
therefore opportunities must be provided for a multi-disciplinary approach. Jucker (2002) notes
that; “we need to overcome the disciplinary straight jacket of current education…because it prevents us from looking beyond one’s own narrow field of vision.” The multidisciplinary design
process which has become mainstream practice underlines the fact that sustainability must be
incorporated across all areas of education for the built environment, and cannot be ignored or
made less of a priority by any built environment discipline (McCullough et al, 2009). Hayles et
al (2008) note that sustainability has to be introduced across the board, if it is to be understood
by students as a key concept in the future of the building and construction industry.
2.3 The Curriculum Reform
Integrating Sustainability in teaching requires curriculum reform to become a priority in institutions. The holistic, multi-disciplinary approach is seen as better than the development of a specific course or several courses focused on sustainability. Sustainability teaching requires a multi-disciplinary approach, and therefore a coherent, integrated approach to teaching sustainable
principles is required with sustainability being embedded within all parts of the curriculum.
Graham notes that Sustainability education therefore encourages changing curriculum from
education about sustainability, through education for sustainability, into education as sustainability (Graham, 2005). The Higher Education Academy (2006) has outlined their suggested
methods for change in the following points:
Rigorous review of curriculum;
Develop credible teaching materials which are fully contextualised and relevant to each
subject area. This will help ensure that education for sustainable development is integral
to the curriculum and not a ‘bolt’ on;
Invest in staff development; and
Develop credible business case for higher education institutions, setting out triple bottom line benefits. Amend institutional mission and policy statements.
2.4 Teaching Methodology
The teaching methods used in education for sustainability are shifting away from the traditional
lecturing approach, to methods based on student experience and problems solving. These methods allow students to develop an understanding of sustainability as an academic subject and to
apply it to practical situations within their lives and their subject areas. Wang noted that studies
have shown that compared to passive learning, which occurs when students observe a lecture,
students will learn more and will retain that learning longer if more active methods of teaching
and learning are used. Active learning also helps deepen students understanding as well as to
help them develop positive attitudes toward sustainability (Wang 2009). Although many methods of active learning exist, the most frequently discussed in pedagogy papers are reflective
practice and ‘hands on’ projects. Hands-on practical sessions can be designed to prepare students for the work place.
Reflective practice encourages students to use their experiences to learn about sustainability.
This method allows the educator to introduce sustainability as both an academic and personal issue as discussed above. Reflective practice begins with students examining their own lives and
challenges them to work at becoming more sustainable (McCullough et al, 2009). This develops
the process of looking at a situation, identifying the problems and implementing solutions.
Franke (2005) refers to a study where students were asked what they found to be good learning
experiences. Five factors that comprise good learning experiences were drawn from the students
writing, and grouped as follows:
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Hands-on, practice relevant education;
Seeing things with your own eyes;
Teacher enthusiasm and experience (experiential learning);
Team working; and
Tactile, emotional experiences.
This demonstrates the value of eliciting experiential learning from both students and educators
as the most appropriate approaches to sustainability education (McCullough, 2009).
2.5. Comparison of Teaching Methods in Sustainable Development
McCullough et al (2009) assessed the current teaching and learning practices for sustainability
in the built environment disciplines through a preliminary study. To this end a survey was sent
to higher education institutions in both the UK and the rest of Europe through the COST C25
network, with specific questions concerning postgraduate education in sustainability within the
built environment disciplines. Information about types of degrees, sustainability topics covered,
and teaching methods was gathered. The survey also referred to online teaching resources which
were intended to be used as reading material for the summer school. McCullough and Hayles
reported a good response of information about teaching methods. The survey asked which
teaching methods were used in their institution when teaching education for sustainable development and which they found most effective to establish whether this reflects what is being
documented in the literature. A comparison has been made between teaching methods used and
preferred in the UK and the rest of Europe (McCullough et al, 2009).
McCullough and Hales reported that with reference to the Institutions participating in the
survey, both the UK and other European institutions still have a high reliance on the more traditional approach of lecturing with 100 percent of responses in the UK using lecturing as a teaching method and 66.7 percent in the rest of Europe. The difference between the UK and the rest
of Europe is in the use of other teaching methods alongside lecturing. The responses from the
UK show a much wider use of other, less traditional methods.
The rest of Europe (COST C25 responses) relies heavily on critical/systematic thinking and
lecturing, with 50 percent also using active learning. With only 33 percent using problem solving and 16 percent using student centered learning and reflective practice, there is little movement towards the less traditional methods explained as more effective in the literary review.
Whilst in the UK lecturing is still heavily relied upon as a teaching method, other less traditional methods are used more frequently than those documented from institutions in the COST
C25 grouping. Critical/systematic thinking and problem solving are used by 80 percent whilst
student centered learning; active learning and project based learning are used by 60 percent of
responding institutions. Reflective practice is only used by 20 percent which is unexpected as
the literary review explains that sustainability is a personal and academic issue and reflective
practice is useful in developing a students’ personal understanding of the subject (McCullough
et al, 2009).
3 SUSTAINABLE CONSTRUCTION: MALTA 2010.
3.1 General
The C25 Training School “Sustainable Construction: A Life Cycle Approach in Engineering”,
was organised in Malta from the 23rd July 2010, to the 1st August 2010. The Training School
was hosted by the Department of Building and Civil Engineering, Faculty for the Built Environment of the University of Malta and offered opportunities for collaboration among the researchers. The whole event consisted of two complementary activities:
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The International Early Stage Researchers Symposium, from the 23rd of July till the
25th of July 2010;
The International Training School, from the 26th of July till the 1st of August 2010.
The programme and the scientific content of the Malta Training School were prepared with the
support of an international group of experts and were approved by the Management Committee
of the COST Action C25. The group of experienced lecturers were selected to teach and supervise the group work during the school.
The Events were organised under the Chairmanship of Luis Braganca, the Chairman of
COST Action C25, and Coordinated by Ruben Paul Borg, MC member of C25. The events were
also supported by members of the Core Group of COST C25 including Heli Koukkari Vicechair of C25 and Milan Veljkovic Chairman of WG2. The Scientific Committee of the Symposium and the Training School in Malta, are listed in Table 1.
Table 1. Scientific Committee and Institutions: Symposium & Training School, Malta 2010.
Scientific Committee member

Institution

Luis Braganca
Heli Koukkari
Milan Veljkovic
Raffaele Landolfo
Dan Dubina
Helena Gervasio
Mauritz Glauman
Viorel Ungureanu
Ruben Paul Borg
Oliver Hechler

University of Minho Portugal.
VTT Building & Transport Finland.
Lulea University of Technology, Sweden.
Univewrsita’ di Napoli Federico II Italy.
Universita Politecnica Timisoara Romania.
Universidade de Coimbra, Portugal.
University of Gävle, Sweden.
Universita Politecnioc Timisoara, Romania.
University of Malta, Malta.
Arcerol Mittal, Luxembourg.

3.2 The Early Stage Researchers Symposium
The aim of the International Early Stage Researchers Symposium in Malta, was to give the opportunity to the participants to present their own work and to get an overview of the research
work being done by the other researchers all around Europe. The Symposium was an important
forum for the discussion of new ideas in the field of Sustainable Construction and brought together all those who were interested in collaborating on common projects. A book of proceedings was published before the Symposium, and included contributions from all the participants
in the training School. The Proceedings cover a wide range of up-to-date issues that reflect the
research areas of the participating Early Stage Researchers in the Sustainable Construction field.
The issues presented include:
Sustainable Building: design guidelines and assessment tools;
Eco-efficiency: eco-efficient use of natural resources in construction and processes;
Life-time Structural Engineering: life-cycle performance, design for durability, maintenance and deconstruction.
The publication also represented an important milestone in the fulfillment of the main aims of
the COST Action C25, in promoting further the sustainability of construction industry and of
the built environment.
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Table 2. Paper titles and authors: Symposium. (Braganca et al, 2010a)
Paper Title

Author/s

Sustainability of Constructions:
Integrated Approach to Life-time Structural Engineering

Bragança L., Koukkari H., Blok R.,
Gervásio H., Veljkovic M., Plewako
Z., Landolfo R., Ungureanu V.

Chapter 1: Sustainable Construction
The Role of Environmental Assessment of Buildings
Building Sustainability Assessment: System SBToolPT
Green Building Design Guideline
Chapter 2: Eco-efficiency
Structural, economic and environmental performance of fibre
reinforced wood profiles vs. Solutions made of steel and concrete

Comparative Life-Cycle Impact Assessment of Short RC
Coloumns and Composite Columns
Life Cycle Inventory of Stainless Steel: Review of Challenges,
Methods and Applications
The potential use of Waste Tyre Fibres in Concrete.
Sustainable Planning of Renewal of Buildings in Public
Ownership
Perceptions of Sustainable Housing Design: Current Strategies
for Zero Carbon
Sustainable design in the neighbourhood scale: Analysis of
planning issues and case studies.
Energy Saving in Lithuanian Building Sector
Examination of Photovoltaic (PV) Component Use in
Architecture from the Viewpoint of Energy Efficiency
An acoustical and visual evaluation approach for the proscenium
type of drama theatres.
Chapter 3: Life-time Structural Engineering
Structural Flexibility: Inventory and Qualification of Parameters
A Literature Review of Life Cycle Assessment for Bridge
Infrastructure
Inflation Adjusted LCCA of a Comparative Study of an Integral
Abutment Bridge and a Concrete Bridge with Expansion Joints
Embodied energy in the ‘Flexiarch’ relative to other types of
short span bridges.
Refurbishment of Multi-dwelling Building Based on the LCC
Principles.
Multi-criteria Decision Making Methods in Refurbishment,
Deconstruction and Demolition of Existing Structures
The Use of Timber Tenon Joints with Pegs: Sustainable Solution
for Improving Deconstruction
Sustainable Conservation of Heritage at Risk:
Strategies for Proactive Preservation and Maintenance
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Haapio A.
Mateus R., Bragança L.
Kahraman İ.

Manthey C. & Guenther E.,
Heiduschke A. & Haller P.,
Heistermann T. & Veljkovic M.,
Hájek P
Lukic I
Rossi B.
Borg R.P., Farrugia C.
Kusar M., Selih J.
McCullough J.E.
Tsirigoti D.
NorvaišieneR.
Altin M.
Yilmaz Karaman O.

Koopman E.F., Blok R.., Moonen
S.P.G.
Du G.L.
Iqbal N., Gervasio H., Eriksen J.,
Veljkovic M., Simoes da SilvaL
Cregg D., Long A. & Magee B.
Mirtič M.
Portioli F., Cascini L. Ungureanu V.
Marmo R
Robinson L.
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Figure 1. International Symposium: Sustainable Construction, Malta 2010. (Braganca et al, 2010a)

3.3 The Training School
The Training School in Malta, had two main objectives:
 First objective; the Training School was a project oriented school. This means that students were expected to work in a group to solve assignments prepared to illustrate various aspects of design for sustainable construction. The work performed was evaluated and then disseminated to the participants as the school outcome.
 Second objective; The Training School also served as an important forum to exchange of
experiences and knowledge, and for the development of new ideas in the emerging field of Life
Cycle Analysis in construction.
A book of Lecture Notes was published before the Training School, and included most of the
presentations of the Malta Training School lectures. It was intended to assist the participating
Early Stage Researchers in following the lectures. It also serves as an inspiration for the development of new ideas in the field of the life-cycle approach in structural engineering and construction. The lectures covered a number of emerging topics where new knowledge has already
been achieved but also where further research is still needed, such as in the following areas:







Sustainable Construction and the Integrated Life Cycle Approach;
Criteria for Sustainable Building, Infrastructure and Bridges;
Eco-Efficiency & Sustainable Construction;
Life Cycle Analysis Methodologies and Tools;
Life Cycle Inventory Analysis of Structures;
Environment Product Declarations;
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Durability Assessment of Materials and Structures;
Life-Time Structural Engineering;
Sustainable Technologies and Maintenance of Structures;
Design for Deconstruction, Demolition and Recycling;
Life Cycle Design Methodologies.
The publication of the lecture notes is considered as an important achievement for the promotion of sustainable construction, which is one of the main aims of COST C25.

Table 3. Training School Lectures. (Braganca et al, 2010b)
Lecture Title

Lecturer/s

Sustainability of Constructions: Integrated Approach to Life-time
Structural Engineering
Sustainable Construction and the Integrated Life Cycle Approach

Braganca L

Environmental Assessment of Buildings & Building Material.
Eco-efficient Structures
Eco-efficiency & Sustainable Construction:
A Case study of a Residential Modular Building designed for 2
climate regions
Sustainable Rehabilitation Strategy:
Xrobb il-Għaġin Sustainable Development Centre & Nature Park
Intelligent use of Energy & Renewable Energy Sources (RES)

Glauman M.
Koukkari H.
Veljkovic M., Koukkari H

Sustainable Constructions: Life Cycle Inventory Analysis
Durability Design of Metal Structures
Sustainable Technologies for Maintenance of Structures

Veljkovic M., Rossi B.
Landolfo R.
Dubina D., Ungureanu V.

Sustainable Technologies for Maintenance of Structures: Case
Studies
Design for Deconstruction, Demolition and Recycling

Dubina D., Ungureanu V.

Multi-criteria Decision Making Methods in Refurbishment,
Deconstruction and Demolition of Existing Structures
Life Cycle Design Methodologies
Life Cycle Management of Structures

Portioli F.
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Borg R.P.
Spiteri Staines C.

Hechler O.
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Figure 2. International Training School: Sustainable Construction, Malta 2010. (Braganca et al, 2010b)

4. ASSESSMENT OF THE SYMPOSIUM AND TRAINING SCHOOL: MALTA 2010.
4.1 General
Important considerations were taken for the effective organization of the Sympsoium and training School. The success of the International Symposium and Training School, was considered to
depend on a number of important considerations, related to education aspects for Sustainable
Development. In this regard the organization of the two events, was based on criteria intended
to ensure the smooth and effective progress of the events, in relation to effective methodologies.
4.2 Symposium and Training School Organisation: An Overview.
The events were held in Valletta, in the Aula Magna of the Valletta Campus of the University of
Malta. The conference opening ceremony was hosted by the Pro-Rector of the University of
Malta, and introductory speeches were made by the local host Ruben Paul Borg of the University of Malta and MC member of COST C25, the Dean of the Faculty for the Built Environment, the Pro-Rector of the University of Malta, and the representative of the Chairman of
COST Action C25.
The Symposium and Training School were advertised in various Universities and Research
Institutions throughout Europe, during the months preceding the event. A Brochure and posters
were distributed through internet/e-mail and post. Furthermore, the International Symposium
and Training School were advertised through the University of Malta Website Home Page, the
regular weekly e-mail newsletter to academics of the University of Malta, through the Malta
Chamber of Architects and Civil Engineers, and also the local media, in particular the Sunday
Times of Malta.
A website dedicated to the conference was set up at the University of Malta
[www.um.edu.mt/events/sustainableconstruction2010]. The website was regularly updated with
all the relevant information. An Intranet section for document upload and download by partici-
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pants was also set up. Internet access was provided throughout the events. A number of local
students of the University of Malta also participated and supported during the event. Furthermore a number of academics from the University of Malta participated in the event, and local
experts in specific areas also participated and presented specific topics.
The conference pack was distributed to all the participants of the Symposium and Training
School, and included useful information and technical data. The two publications, namely the
symposium proceedings and the lecture notes publication, were presented to all participating researchers and lecturers during the event. Additional material and documents were provided as
digital data to each participant, and also made available for download on the Intranet service on
a regular basis. The training School teaching methodologies included, lectures, practical work
conducted under the supervision of the lecturers, Work group sessions for the group work, and
also student presentations and discussions. In addition a number of technical visits were organized, including a visits and lectures, at the Archaeological Park UNESCO World Heritage Site
(Mnajdra and Hagar Qim Megalithic temples), and the Xrobb il-Ghagin Sustainable Development Centre and Nature Park. A social and cultural programme for students and lecturers was
also organized throughout the events, together with various group activities. A feedback questionnaire was also compiled and completed by participants, to help assess the Symposium and
the Training School.
4.3 The Early Stage Researchers Collaborative Research projects.
The Early Stage Researchers (ESR) made presentations during the Symposium, at the start of
the events. Following this, and on the basis of the presentations of their research work, the ESR
were organized into 6 different groups, with each group addressing and working on a specific
topic of interest to the group members. The group work went on throughout the summer school.
At the end of the Training School the ESR groups made presentations of the work conducted
and presented abstracts of their research proposal. In addition the groups remained in contact,
and after the summer school, each group developed research papers on the respective topics.
The Collaborative Research projects with the active participation of lecturers, were also considered to be an effective approach.
4.4 Review of the Teaching Material
The researchers participating in the training school consisted of architects and engineers in various stages of research ranging from; progressing into a PhD; those completing PhD research;
nearing the end of a thesis, and those having already completed a PhD and currently working
within the field of research, considered as early stage researchers.
A basic assessment of the teaching material available during the Training School was carried
out. The available teaching material was assessed and classified with respect to criteria as follows: basic to specific knowledge of sustainable construction; relevance for different disciplines; tools to assist with sustainable design. For the basic assessment and convenience, the
teaching material was classified under the specific titles.
The Basic level refers to a general, broad field of knowledge on sustainability and sustainable
construction; the Intermediate level refers to a more advanced level of knowledge where particular areas within sustainable construction are being highlighted in more detail; and Advanced
Level refers to very specific tool based exercises & assessment workshops that were conducted.
The teaching material can be divided up into these education & knowledge levels as follows:
Basic Level of Knowledge
The basic teaching material available included lectures on the following topics:
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Sustainability of Constructions: Integrated Approach to Life-time Structural Engineering.
Sustainable Construction and the Integrated Life Cycle Approach.
Environmental Assessment of Buildings & Building Material.
Eco-efficient Structures.
Eco-efficiency & Sustainable Construction; A case study of a Residential Modular
Building designed for 2 climate regions.
Sustainable Rehabilitation Strategy: Xrobb il-Gћaġin Sustainable Development Centre
& Nature Park.
Intelligent use of Energy & Renewable Energy Sources (RES).
This general material was familiar to all demonstrators present and therefore also appealed at a
multi-disciplinary level.
Intermediate Level of Knowledge
The intermediate material available included lectures on the following topics:
Sustainable Constructions; Life Cycle Inventory Analysis.
Durability Design of Metal Structures.
Design for Deconstruction, Demolition and Recycling.
This material appealed to all those present but in two different ways. For engineers the new
knowledge received was practicable in their field of expertise, whereas for architects without a
specialism in engineering these topics were of an introductory interest and of value to contributing to their overall understanding of LCA.
Advanced level of Knowledge
The advanced knowledge was delivered in the form of lectures and informal tool based exercises allowing scope for experimenting and feedback. The areas presented included:
Sustainable Technologies for Maintenance of Structures & Case Studies.
Multi-criteria Decision Making Methods in Refurbishment, Deconstruction and Demolition of Existing Structures.
Life Cycle Design Methodologies.
Life Cycle management of Structures.
These tool based exercises exposed new knowledge & tools to those engineers with a more advanced knowledge of LCA. These ‘advanced’ teaching & discussion sessions then gave rise to
an opportunity for those at a higher end of the learning spectrum to contribute their opinion and
knowledge to the development of that tool.

4.5 General Conclusions
A wide spectrum of teaching material was made available across a variety of disciplines. This
therefore highlights that new information was provided for all those present and that there was a
wide spectrum of knowledge levels considered to allow all researchers present to be exposed to
new knowledge in their field of expertise. The basic material gave a good introductory platform
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for those at the beginning of PhD research and the exposure to the different levels of knowledge
also emphasised the opportunities available for valuable exchange of knowledge at such training
schools. The advanced material then supplied those with a high level of research knowledge to
experiment, practice and also develop their knowledge and new tools that would eventually lead
to effective contributions in the field of engineering & LCA.

5. CONCLUSION
The Symposium and Training School were effective for students and led to the development of
collaboration on research work. In addition the events were useful for the dissemination and
sharing of knowledge. The teaching material developed for the Training School, can be used as
a basis for the development of teaching materials to be used in Built Environment Schools in
different countries. The teaching material from the training school in Malta can be considered as
useful to assist with the curriculum reform in participating universities. The student feedback
following the Symposium and the training School, also provided useful information for the future development of Training Courses. In particular the work group sessions, and discussion
sessions were commended, and teaching method which rely more on active methods of teaching
and learning and reflective practice are encouraged.
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