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Summary
A fUlein the Swedish Environmental Code states that the best possible technology has to be used
in all business operations that might have an adverse impact on the environment. However, it is
uncertain how to apply to the fUle practically, since it is debatable what is the best possible
technology.
Therefore, the objective of this study is to get a betteTunderstanding of the fUle of "best possible
technology", how it can be understood and applied. The Swedish building sector and heating
systems for buildings are used to exemplify how the fUlepractically, but still theoretically can be
applied. Two case studies are presented that explore how the fUle is applied in real building
projects. The projects are; Gårdsten, a renovation project of multi-apartment blocks utilizing solar
energy; Gothia Twin Towers, a new-production of a large hotet complex. The study is based on a
literature study and on twenty-one semi-structured interviews with respondents involved in
projects or working at authorities relevant for the study.
The Swedish Environmental Code has its background in the European IPPC directive where
criteria for a similar concept "best available technology" are presented for specified industries.
However the building sector is not Olleof them. Still, the criteria apply to the sector indirectly
since they constitute the lowest level for an implementation according to the Swedish
Environmental Code and no other criteria are established. Nevertheless, two important aspects that
can be understood from the Swedish Environmental Code are; one that renewable sources
primarily should be used for energy and two, that an integrated view of the technology is required.
An integrated view for applying the best possible heating system in a building considers shape and
location of the buildings, construction materials as well as technical installations, since they
together contribute to the energy efficiency of the heating systems.
In this study, energy systems and technologies for space heating (and domestic hot water) are
presented. The presentation shows that there is no such thing as only Ollegeneral best possible
technology for heating buildings, rather several. An application of the fUle of best possible
technology must therefore be specific for each project, based on the conditions and the criteria for
the future function of the building. The major responsibility falls on the c1ientand the project team
to develop requirements that enables the best possible solutions for a specific project. Still, a
successful implementation requires skilled and communicative actors willing to cooperate
throughout the planning process and the production of a building.
Based on the conducted interviews, I came to the understanding that the fUle of best possible
technology was not very well known in the studied projects. Still, the fUle can be argued to be
applied in both the cases, in spite of the different technologies and preconditions. The driving
force for using best possible technology may then not be the fUlein itself, but the requirements of
the c1ientand users. Further, the professionai pride by the actors may be another force. It is likely
that all actors in the production want to produce the best possible building with the best possible
heating system, which please the customers and make the actors compatible on the market.
Keywords: Building Sector, Energy Systems, Heating, Renewables, Technology, Efficiency, Whole Building Strategy,
Thermal Climatisation, Cooperation, Communication, and Professionai Pride.
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1 Introduction
Energy, a necessity we need daily for most activities in our contemporary lifestyle. It is a
matter of fact, that everything is made out of energy and therefore it can neither be created nor
destroyed, just transformed into another state. Energy transformation for heating and
transportation has increased excessively together with our societal development and population
growth over the last hundred years. Globally,fossil fuels such as oil, coal and natural gas are
the most commonly used natural resources for this energy transformation. However, these
resources are non-renewable and will not last forever if extracted in the existing speed.
Additionally, when burning fossil fuel in the conversion processes, greenhouse gases such as
carbon dioxide, methane and nitrous oxides are released into the air in larger quantities than
the nature is able to absorb and neutralize.
Global warming is believed to be an effect due to the release of the greenhouse gases into the
biosphere and the side-effects are on the biodiversity, water resources, ecosystems, agriculture
and thereby also the world food supplies. Therefore, the effects of human activities finally hit
back, as health problems.
The climate change is indeed a global problem. Ever since the Rio Conference in June 1992
and the negotiated convention; UN Framework Convention on Climate Change, several
international meetings on climate change have taken place. The DN expert body, the
Intergovemmental Panel on Climate Change, has hosted several conferences of which the Olle
in Kyoto, Japan in 1997, was the third Olle(CDP-3). The aim with the Kyoto conference was to
find a common agreement for combating the greenhouse effect1.
Sweden signed the Kyoto protocol, which resulted in the Swedish govemment taking the
decision that Sweden's energy systems should become more ecologically and financially
sustainable. Meaning a concentration on new technology and lise of renewable resources in
order to housekeep with resources and to get a more efficient energy usage. This decision is
directed to the whole society as consumers of resources. Nearly 40% (Boverket, 1999b) of
Sweden's total energy consumption is used in the building seGlarand thus, the sector largely
contributes to the depletion of resources as weIl as to the environmental degradation. Due to a
very long lifetime of a building, various environmental impacts occur in different stages of its
lifetime, from construction to demolition. However, the environmental impact is largest when
the building is taken into lise, mainly due to the energy usage for operation and space heating.
The latter constitutes a major part and therefore, the choice of heating systems and source for
energy supply is crucial for future environmental impacts of a building.
The consumption of natural resources and the adverse environmental impact are targeted in the
Swedish Environmental Code. In the chapter of "general fUles of consideration" that is
applicable to all activities, the contribution of technology in the process for sustainability is
considered. According to the Code, all business operators are always required to lise the best
possible technology in order to reduce the environmental impact. However, is that requirement
transparent? What is the best possible technology and who decides that? What does it mean
practically in an industry such as the building sector?

The protocol is not yet ratified.

2 Field of Study
2.1
Objective and Questions
The Environmental Code applies to the building sector and the fUleof best possible technology
to their operations. However, it is a high level of uncertainty in how to practically apply to the
fUle, since it is debatable what is the best possible technology regarding for example heating
systems and what kind of organization it requires for implementation.
Therefore, the objective of this study is to get a better understanding of the fUleof best possible
technology, how it can be understood and applied. Energy systems with a focus on heating
systems for buildings are studied for a case study, with an attempt to establish a basis for how
the fUlepractically is applicable in the building sector.
Following three questions with sub-questions are discussed and answered in the paper:
1) How can the rule of best possible technology be understood?
What is the background of the establishment and how does it apply to the
building sector?
2) Is the rule of best possible technology applied in individual construction
projects?
If yes, to what extent is it applied? Ifno, what are the reasons for not applying?
3) What kind ofproject organization does a successful implementation require?
2.2
Methodology
The field of study was initiated by the Environmental Unit at Skanska Teknik AB and was
therefore partly supervised by them.

Figure l

Fact Box - Skanska

Source: Skanska Website, 2000.

The theoretical basis provided in the first part of the study answers the first main question
about the legisiation. The mid-part looks at the building as a system, at energy systems and at
the available alternatives for heating a building. This part is explanatory and essentiai for
understanding the methodology behind "the whole building strategy" - see figure 2. The third
part consists of a case study of two construction projects where the findings from the previous
parts are compared with the empirical findings. This part of the study attempts to answer the
last two questions. The studyas a whole is both descriptive and analytical with an explorative
approach, since the legal concept of the fUleof best possible technology (BPT) is studied out
from of its practicality in the reality. The empirical part of the study thereby illustrates the
relation between national regulations and the practitioners on the locallevel.
Skanska has influenced the study to the extent that the cage study looks at projects where
Skanska is involved. When the role of the contractor is discussed, it is with Skanska in mind.
The two projects were further chosen because of their location in Göteborg and because they
are under their final construction phase, which makes it easier to get hold of people that are or
have been involved in the production. The selection of specific projects for the empirical part
should not challenge the reliability, since the purpose is to illustrate and not to evaluate a
regulation's implication in a construction project. However, to increase the validity in the
research two other projects have been selected as reference objects. The projects, as weIl as the
reference projects, are believed to be fairly representative for the kinds of projects that
constitute a large part of the work for the building sector today.
The research as weIl as the methodology for the presentation in this thesis is based on "the
whole building strategy", with the three components shown in figure 2. The "whole building
strategy" presents an approach taken by The Passive Solar Institute in the United States, and
looks at building technologies as integrated systems. The institute claims that in order to
reduce the need for energy (for heating as weIl as cooling) in a building, all three components
need to be considered together, since they all interact in making the energy system efficient
(PSIC, 2000). The components are further discussed in detail in chapter 5 and 6. The projects
in the empirical part are examined out from the strategy.
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The Whole Building Strategy

Source: PSIC, 2000

Material

The research is based on legal docwnents, literature and interviews. The literature study looks
into contemporary research in the field of energy issues and into the latest state of the art
regarding heating systems. The twenty-one interviews with respondents are conducted as semi-

structured interviews either face to face or over telephone. The respondents have been seleeted
because of their involvement in the studied projects or because of working for the relevant
authorities and organizations.
2.2.2

Limitations

The main focus of this study is on the best possible technology for heating systems in
buildings. However, the systems are described to outline the alternatives, not to judge what is
the best possible technology. Systems for cooling and ventilation'are interrelated to the heating
system in a building, hut those are not examined in depth in this thesis. The building is the
system in focus, although energy systems and their environmental impacts are viewed in the
larger context as weIl. The charter on heating systems is limited to mainly discuss systems that
originate from renewable energy sources, since that should be the primary choice for all
operations according to the Environmental Code, 5§ 2 Charter (SFS 1998:808). District
heating is inc1uded in the discussion because it in Göteborg is based on rejected heat from
industries and biofuels (70%), and natural gas (28%). These are therefore relevant alternatives
for the Göteborg region (Göteborgs Energi, 2000). There are other environmental impacts,
such as i.e. emissions from materials and at reuse or recyc1ingof materials after demolition of
a building, hut those are not discussed in this study.
Göteborg is the studied region and therefore Göteborg Municipality and their plans are
explored. The County Administration is also a supervisory authority, responsible for the
implementation of the environmental targets and the fUles of the Environmental Code.
However, they are mainly dealing with the sectors that need permits for their operations, which
the building sector generally does not need (the building permits are provided by the
Municipalities - see further section 4.1.5). The role of the County Administration is therefore
not inc1udedin the discussion regarding actors in building projects.
Because of the focus on the building as a system, neither the producers of construction
materials and technical systems nor the distributors are inc1uded in the discussion about the
building sector. Still they playan important fale for what is available on the market, hut the
demand is believed to govern the supply and the exc1usion should therefore not make any
difference to the results.
Govemmental subsidies for alternative energy systems are important for the lise and
implementation of alternative technologies. Still, even if economic means stimulate and
influence the process of change in the energy issue, the fUle of BPT applies to all operations.
Subsidies are therefore not discussed in depth in this study.

3 Legislation and other Requirements on the Building Sector
Legisiation, international as weIl as national, tries to prevent or rather limit the air pollution
and its transboundary effects. In this charter two levels are discussed, the European and the
Swedish, since they are both relevant for the Swedish building sector. The fUle of BPT in the
Swedish Environmental Code has its origin in the European Directive for Integrated Pollution
Prevention and Control (IPPC). The Swedish Govemment is obliged to implement the
framework directive ofIPPC, since Sweden is a member of the European Union.
Although the directive does not directly apply to the Swedish building sector, since they are
not amongst the listed industries/activities considered as the most environmentally hazardous,
it still constitutes the background to the Swedish legisiation. It is therefore essentiai for
understanding the implementation of the fUle of BPT according to the Swedish environmental
law.

3.1

The European

IPPC-directive

The concept BPT is synonymous with the Best Available Technology (BAT), which is an
internationally established concept originating from international agreements on combating the
c1imate change. In the European lP PC directive, BAT is used as a regulation for preventing
major pollution to occur. The me aning of BA T according to the IPPC directive is the most
effective and advanced level, considering the development of the operation and the production
measures, which states a certain technology's practical suitability. The directive is the
foundation for pollution limits, with the objective to prevent and when not possible, reduce
emissions and the impact on the environment as a whole. The IPPC directive is an instrument
for harmonizing the application procedures for operations requiring permits in the Union, and
for exchanging information and knowledge of technical development between the member
states. The overall aim is to reduce the gap in know-how between the members, which will be
beneficiai to all countries, since the effects of air pollution is a transboundary environmental
problem (IPPC Directive 96/611EC).

As with all the framework directives in the EU legisiation, the IPPC directive is binding to the
result, to be achieved by each member state. This means that the directive leaves to the national
authorities to choose the form and methods of an implementation of the directive. The directive
simply provides a general strategic framework. The directive puts pressure on the national
authorities to keep themselves updated on the technical development so that the criteria
continuously can be updated to a present state (Connelly & Smith, 1999).
Best in the definition of BAT means the most effective in safeguarding the environment as a
whole and available to be adequately developed techniques suitable for implementation in the
specific sector. However, the implementation should be economically and technically viable.
Technology is defined as the technology used, as weIl as the design of the technical
installation, how it is built and maintained as weIl as operated and decommissioned (IPPC
Directive 96/611EC).

3.1.1 Criteria for Performance and Implementation
So called BREF2 documents (EIPPCB, 1997), produced by the European Integrated Pollution
Prevention and ControI Bureau (EIPPCB) express criteria for what BAT is. However, the
criteria do not express static quality nor prescribe specific technique or technology, since that
can vary with context and industry. Techniques further change with new technologies
presented on the market and with presentation of new research findings. However, precaution
as well as prevention should always be the primary target in any operation. An application
from a listed industrial activity should show:

Figure 3

Criteria for BAT

Source: SOV 1996: 103; JPPC Directive 96/61/EC

The criteria are qualitative in their character since they express required considerations. How
these are met is up to each applicant to explain to their national supervisory authority, who will
make the judgement according to their national environmental legislation, environmental
quality objectives and definition of BAT. However, it is unclear how these criteria should be
used since there is no known cage that can constitute praxis. The EIPPCB does not know
whether there has been any cage tried in court or not, but they would not necessarily know
about it since it is taken care of by each member state in the Union. Likewise, the Swedish
Environmental Protection Agency does not know either since, as they argue, it is the task of
the Environmental Courts to handle the disagreements that may occur (Nyström Erik, 2000-0816). The directive will not be completely effective until October 2007 (EIPPCB, 1997). Still,
the Swedish Government emphasizes that the definition of BA T and the criteria in the IPPC
directive constitute the lowest required levet for an implementation of the fUle of BPT in
Sweden, for all activities not only the listed.

3.2
The Swedish Environmental Code
The Swedish Environmental Code (SFS 1998:808) came into force in January 1999 with the
aim to regulate all operations that are contributing to a poor environment. In the second
chapter, general rules of consideration are presented. These fUlesindicate that operations have
to be conducted to avert harm to the health of humans and the environment; the rule of BPT is
one ofthem. The general rotes of consideration must be observed byeverybody, irrespective of
any interference by any public authority (Ministry of the Environment, 1998). The fUleof BPT
is not very detailed and must be related to ordinances and directions, since the Environmental
2

Best Available Techniques Reference Documents.

Code (as the IPPC directive) is a framework legisiation. Nevertheless, the same criteria as in
the IPPC directive should be considered with the requirements of feasibility and technical
possibility. Techniques that are less environmentally damaging in the beginning of the impact
chain - see fig.4, should be favored instead of 'end-of-pipeline-solutions' that concentrate on
limiting the pollution in the final stage (SOU 1996:103).
Extraction
of natural
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Transportation of
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Processing
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Transportation
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End Use

Energy Loss and Environmental Impacts
Figure 4

Energy Production Chain - Environmental Impact

Source: Miller 1999,p.398

In the code, it is emphasized that an integrated view of the technology is required and the
technique must from a technical and financial point of view, be industrially possible to lise.
This means that it must be ready and available for usage and not under development. With the
best possible means a technology that is less harmfui compared to the alternatives and,
additionally, not only available in Sweden but on the global market. In the case of established
operations, a certain transitionai period for introducing the equipment corresponding to the fUle
ofBPT is acceptable (SOU 1996:103; Ministry of the Environment, 1998). The word possible
in the fUle of BPT is supposed to have a stronger meaning than the word available in the IPPC
directive, but what that means is not dear.
Technology in the fUle does not only refer to the production as such but to methods for
education and management as well. An integrated view of technology and of the organization
is needed, since environmental awareness engages the whole organization in a company.
Therefore, the organization has to gain the essentiai knowledge of how to manage the
operation without disturbance on the environment. The fUle does not imply that there is only
Olle single technical system that is the best possible. Rather that it might be several technical
systems that are suitable for a operation, from an environmental point of view. When deciding
on what is the best possible technical solution for a certain activity/operation, the judgement
should consider the whole chain of environmental impacts and effects (ibid.).

Measures taken to apply to the fUleof BPT should be reasonable and taken with precaution. It
is the task of the operator to show that the best possible technology is used and that the
expense of the measure is reasonable in comparison to the gain. Still, a national environmental
quaiity objective (shortly presented in the next section) should never be neglected.
Precautionary measures shall be applied as soon as there is reason to believe that the operation
can cause damage on the environment or on human beings (SOU 1996:103; Ministry of the
Environment, 1998). In other words, precautionary measures should always be taken in the
activities of the building sector, since there are no activities that are without an environmental
impact.
However, BPT is not an entirely new concept and approach in Sweden. The predecessor to the
Environmental Code, the "Environmental Protection Act" and its 5§, emphasized that all

operations that might be environmentally hazardous are obliged to undertake necessary
precautionary measures that are technically possible and economically reasonable (SOV
1996:103). Environmental awareness and understanding of the role of technology have
therefore been practically in lise for several years before the Environmental Code came into
force.

3.3
Energy Use in the Building Sector
Nearly 40% of Sweden's total energy consumption (155TWh out of 386TWh3) is used in the
sector for buildings and services. Of that, two thirds of the energy is being used for space
heating and domestic hot water and for the operation of services (Boverket, 1999b;
Energimyndigheten, 2000). Hence, energy issues are important and relevant to discuss in
relation to the building sector4.
The Swedish Government has established fifteen environmental quaiity objectives for
ecologically sustainable development. The objectives should together with the Environmental
Code increase and stimulate measures for an improvement of the environment. Olle of the
national environmental quaiity objectives that is relevant for the building sector, is the eleventh
Hagood urban environment H. A good urban environmentshould accordingto the objective
constitute a healthy living environment and contribute to an improvement of the regional and
global environment. Buildings should be located and designed in accordance with sound
environmental principles in such away that a long-term management of land, water and energy
are promoted (Ministry of the Environment, 1998).
The Swedish Board of Housing and Planning (SBHP) has the prime responsibility for the
objective of "a good urban environment". In order to achieve the stated environmental quaiity
objective, SBHP has come up with several goals to be achieved by the building sector. The
goals are preliminary and voluntary; in other words, they are not requirements. The goals that
relate to the energy issue are (Boverket, 1999b):

.

..
.

the energy need should decrease
non-renewable energy resources shall to alarger extent be replaced by renewable resources
quantities of bought energy for heating buildings should be replaced by free and locally
available energy, e.g. gun heat, heat pumps, wind power and rejected heat
a yearly energy consumption not to exceed 60kWh/m2 (new building s) for space heating
and domestic hot water (household e1ectricity included).

The last goal is planned to be achieved at the latest in 2020 and should be compared with the
existing requirement for a "typical" multi-apartment block of 11OkWh/m2.

4

This figure is from the SCB statistics on energy distribution in different sectors in Sweden. Electricity for
rullning appliances and energy for summer cottages are also inc1udedin the figure.
The concept building seetor refers to the actors taking part in the accumulated construction, inc1uding
reconstruction and maintenance of dwellings and other buildings and additionally plants for energy,
communication and water/sanitation. The actors can be divided into four interest groups, as they are in
the Ecocyc1e Council for the Building Sector; Developers and Property Owners; Arehiteets and
Consultants; The Building Jndustry (contractors etc.); and The building Material Jndustry (Byggsektoms
Kretsloppsråd, 2000-11-09). In this study, this definition is applied but the building material industry is
exc1udedin the research - see section 2.2.2.

3.4
Requirements on the Building Sector
The Environmental Code shows that what can be applied on the individual actors, are first the
requirement of having enough knowledge for implementing the fUleof BPT and second, being
able to take the burden of proof. The actors in a project thereby need to be able to argue for
why a certain technology is the best possible. However, the lack of criteria makes this difficult
for all actors and the law may loose its power on the war to the practical implementers in
projects.
SBHP is an authority that provides legal and technical requirements for buildings, presented in
the building regulations (BBR). Requirements for energy savings in existing buildings mainly
target efficiency for electric equipment and installation. Future requirements though, will be
stricter according to Bengt Lindström (2000-10-10) at SBHP, not through detailed regulation
of the building design or installations but through establishrnent of functional requirements
focusing on the performance of the building. With BBR, it can be argued that existing
technical requirements are guidelines for the fUleof BPT and to follow them would be enough
for a contractor or client. On the other hand, it can further be argued that they express the
lowest acceptable values for installations and the building. If it is the latter, they cannot express
BPT since there are technologies available on the market with better values than the BBR
requirements, argues Lindström. He further claims that the technical requirements should not
be seen as criteria for cutting-edge technology and that they have never made any connections
to the fUleofBPT. However, it is likely that the BBR will be updated already by July 2001 and
the goal of 60kWhlm2 may become areality before the rear 2020. SBHP has made the
judgement that a revision of the requirements in the BRR is possible since the required
technology is available on the market (ibid.).
Ulf Bjällås, the chairman of the follow-up committee of the Environmental Code, claims that
praxis is needed to get clearance in how to lise and interpret the Environmental Code and its
fUles.As previously mentioned there are no known cases tried in court and no Ollewants to be
the pilot case since that can be costly and damaging for the company image. Companies do not
change their activities nowadays since they are afraid of becoming that pilot case, argues
Bjällås (Miljörapporten, no.6, 5th of May 2000). Göran Ekblad (2000-10-02), the former
secretary of the Environmental Code' s Education Program, does not think that the lack of
praxis is a problem. He argues that since it is up to each actor to create the criteria, which
actually is an advantage for the actors themselves, the Environmental Code becomes more of a
"carrot" than a "stick". It is the economic profit that is the driving force and not the law in it
self, states Ekblad. The law cannot introduce new advanced technology; that has to come from
the building sector itself, from the clients, the building contractors and the relevant authorities,
to set the targets. The Environmental Code is mainly a tool for preventing companies from
falling behind, in other words, stopping "worse possible technology".
Trade organizations may also provide recornrnendations for e.g. the energy usage in buildings.
However, these are in no sense any legal requirements, but they do constitute a good help for
the clients when formulating the functional requirements for a building.
3.4.1 Functional Requirements
Olle war of setting targets for energy usage in a building is to establish functional
requirements. A functional requirement expresses the desired performance of the building, or
rather the sum of all measures using the "whole building strategy" - see section 2.2 and 5.2,
which includes more than the specific technical installations in a building. It is the

client/developer thai should establish the functional requirements and other demands thai the
erected building ought to have when taken in lise.
A well-formulated functional requirement expresses the best possible technology and is based
on the same criteria as the fUle of BPT, argues Kerstin Blix (2000-09-13) environmental
coordinator for Hammarby Sjöstad (later presented in section 7.3.2). A functional requirement
should further be; visible, environmentally sustainable, economically feasible, technically
possible as well as user adaptable, where the project developers have stated distinct functional
requirements on the energy consumption in the project program. Yet, a program can never
assure thai the requirements are followed, since there are no juridical measures taken if
breaking them claims Blix. However, Blix continues, the overall achievement of the functional
requirement is the most important. If a change from the original plan has to be taken due to
financial reasons, it should not be seen as a major problem. In other words, economic aspects
set the frame for what is a reasonable functional requirement.
SBHP (Boverket, 1999b) argues thai a change towards contracts which has a facils on
functional requirements should be possible. Such a change would increase the competitiveness
amongst the tendering contractors and result in a possible achievement of the best possible
solutions for reaching the functional requirement. However, an argument against functional
requirements is thai the client can never know with certainty thai a selected technology in fact
will meet the overall requirements (Andersson & Setterwall, 1996). Still, the experience and
the continuously updated sufficient knowledge will eventually improve the functional
requirements to become practical to fulfill.
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what criteria they may consider as

4 The Role of the Building Sector and the Contraetor
4.1

Actors in the process5

The Environmental Code consists of goals to be achieved but do not prescribe the war for
achievement. The legislation puts pressure on all actors in a project, except the users, to show
that the best possible technologies have been installed.
Actors involved in a typical building project are presented in figure 5, which also shows the
impact chain for implementation of the fUle of BPT and thereby the best possible heating
systems. The arrows show what and who the different actors influence directly in a project.
The causalloop diagram (CLD) begins with the needs of the users and ends with the effects of
the implementation on the users. What the different actors consider as the best possible
technology vary for each Olleof them. The CLD is further made with the studied projects in
mind, where both are carried out as "design and build" contracts.
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4.1.1 Users
Theusers have certain needs that the dient wants to satisfy but the dient may also create needs
by introducing new technology. The users are likely to base their criteria for what they
consider as the best possible technology on their needs. For them, the best possible heating
system may be a system that enables them to conduct their activities in what they experience as
a good indoor dimate. The comfort temperature in buildings is believed to be around 20°C
(Andersson & Setterwall, 1996), but the experience of what is pleasant is very individual. The
heating systems should therefore enable individual variations, be adjustable as well as reliable
and robust, and not give the users unexpected breakdowns or interruptions. The
system/technology should not require too much maintenance and if required it should be user
The following criteria and roles of the actors are based on information from the interviewed respondents
in this study.

friendly and simple to understand. The system should further be easy to operate and not entail
any risks of health impacts or unnecessarily high costs for the consumer and the costs for
maintenance should be low. The system should also fit the function of the building, which is
especially important if it is a commercial property. In buildings with commercial activities,
flexibility of the systems is crucial (Gräslund Jonas, 2000-09-14). Activities might change and
the users may change over time as well. The users therefore require systems that easily can be
adapted to new conditions. Hence, the demands of the users are therefore crucial in
establishing what the best possible heating system is for a certain building.
4.1.2 EnergyDistributor
The energy provider sets the frames of possible alternative heating systems. In Göteborg the
market is dominated by Göteborg Energi AB, a company owned by the municipality. The best
possible heating system in their opinion is district heating, since they believe in large-scale
systems that are robust and flexible (compare section 6.1.1). District heating is economically
feasible and has small environmental impacts argues Göran Sandberg, (2000-09-12). Göteborg
Energi has developed an energy plan for the Göteborg region where the development of district
heating in the near future is presented (compare section 4.1.5). The client has to make a choice
out from the services provided by the energy distributor, to lise the available large-scale
systems or locally produced energy, or a combination of both. Still with the criteria by the
users in mind and the cost effectiveness of the supply system.
4.1.3

Client

Criteria of the best possible heating systems for the client may very much be alike the users',
since they want to satisfy their customers. A project often takes off when there are needs to be
fulfilled and the client is interested in providing those needs. The fUle of BPT, as well as other
fUles in the Environmental Code, applies to the client since it is a commercial operation to
design and construct a building. Further, there may be local requirements on a building that can
be expressed in the comprehensive plan for the area - see section 4.1.5. Still, the client' s most
important criterion is a good investment that pays off within a reasonable amount of time and
has low costs for operation and maintenance as well as high ejjiciency resulting in a good
indoor temperature.

The client is responsible for the environmental targets in a project, for developing an
environmental plan and program, based on material from the consultants in the pre-design
phase. In the program, all criteria should be expressed, either as functional requirements (see
section 3.4.1), or as technical requirements and/or product specifications. The program is then
the document controlling the construction process, which all actors have to relate to in their
work.
4.1.4 Authoritiesand Trade Associations
The govemment could have legislated detailed criteria for what the best possible technology is.
However, that might be an impractical task because what the best possible is varies from
project to project and further constantly changes according to the latest research findings and
technical development. Instead, it is the authorities and trade associations relevant for each
sector that should develop criteria according to their compiled knowledge, argues Anna-Lena
Rosengardten (2000-09-19), secretary of the follow-up committee of the Environmental Code.
However, it is not only the trade associations or the authorities that should develop the criteria
for the fUle of BPT, it should be an on-going process that develops as a reciprocal action
between authorities and companies, continues Rosengardten.

Relevant authorities, in the rase of the building serier and energy issues, are the SBHP
(previously presented in section 3.3), the Swedish Environmental Protection Agency (SEPA)
and the Swedish National Energy Administration (SNEA). It is the task of SBHP to announce
guidelines and requirements concerning design and construction of buildings. SEPA provides
guidelines and recommendations, which is similar to how SNEA works, with providing
information about energy systems and make recommendations based on research prejeris in
their own management. A possible trade association is the Swedish Construction Federation
and the cooperating organization the Ecocycle Council for the Building Serier. However,
neither of these authorities or associations has (yet) established any criteria for the fUle and
nalle have directly discussed the fUlein relation to their own work.
The Governmental Committee for Ecologically Sustainable Procurement has developed
guidelines and recommendations for potential functional requirements for the energy
consumption in buildings. The recommendations are preliminary (EKU-delegationen, 1999)
but the question is whether those guidelines will become binding or if they will continue to be
recommendations. That will be discussed when the final report is handed over to the
Government. Guidelines in general point builders and consultants in the right direction, and it
may be advisable to follow those if being successful in arguing thai the best possible
technologies have been implemented in a project.
4.1.5 MunicipalityandEnergyPlans
The energy issue is important for the municipalities due to the Swedish Governments decision
to change the country' s energy system to become ecologically and financially sustainable. The
design of the heating systems in dense areas is thereby of great cancern for the local air quality
and for the possibilities of using renewable energy sources.
The municipality (the Environmental Department and the Department for Comprehensive City
Planning), is the authorized supervisory authority thai should control thai the best possible
technologies have been installed in a project. Still, Göran Ekblad (2000-10-02) argues, it is
hardly likely thai any supervisory authority will check if the best possible technology has been
installed. For enabling an evaluation, the municipalities have to develop and establish criteria
for what the best possible is, something thai most municipalities have not done claims Ekblad.
However, the authority can still do it and they have to do it if they achieve a report with
complaints over e.g. energy consuming installations thai are using non-renewable resources.
Criteria thai they do lise, according to Jan Hallberg (2000-08-17), HVAC engineer at the
department for Comprehensive City planning in Göteborg, are those stated in the SBHP's
building requirements (BBR). The technical details in a project are viewed out from the
"application for construction,,6and controlled after BBR. When the building finally is erected
the results are compared to the application and differences are followed up and discussed, but
not more claims Hallberg. Self-central by the actors is of greater importance now since the
amendment of the Environmental Code argues Hallberg, there is no longer a need for
supervision by the municipality. As long as no other criteria explicitly are stated, the best
possible technologies in their opinion are based on the technical requirements in the BBR.
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The c1ient has to apply for a building permit and when that is accepted and before starting the
construction work, an "application for construction" must be handed over to the Municipality (Hallberg
Jan, 2000-08-17).

In general, two documents govem the exploitation of a city, the comprehensive plan and the
detailed development plan. The municipality can indicate in these plans what main natural
resource should be used in a specific area. However, neither of these two plans is used for
energy planning in Göteborg Municipality.
According to a Swedish law from 1977 (SFS 1977:439), each municipality must have an
energy plan that works for housekeeping energy and sustain a safe energy supply. In addition,
there should be a plan for distribution and lise of energy, as weIl as an analysis of the
environmental impacts, health implications and lise of natural resources such as land, water
and other resources. This law makes it possible to establish a heat strategy, to inc1ude for
example guidelines for electricity lise, district heating, wood heating, or the future
development structures. An energy plan is first of all a comprehensive strategic document with
limited juridical status (Energimyndigheten, 1999). The latest amended energy plan in
Göteborg Municipality is from 1984 and is, if looking at the actual situation, more or less out
of date. In the early 1990's, the work started for revising the plan but it was in the end never
authorized, but the ideas have been implemented in the region by Göteborgs Energi, see
section 4.1.2. To develop and extend the district heating system has been a goal for the
Municipality of Göteborg and Göteborgs Energi AB together. Nevertheless, the municipal
board has now realized the need for a new energy plan and a decision was recently taken that a
new plan should be developed, according to Hans Linderstad (2000-08-18).
4.1.6 Designers and Consultants
It is the task of the architects and other consultants to together with the c1ientmake functional
requirements, needs and other criteria visualized with sketches and drawings, presentable for
the other actors. The drawings and the building program should provide the best possible
technologies and show how the technologies should be installed. The documents will further
show the skills of the consultants in taking measures in energy savings and their knowledge
about what energy systems are available on the market. In other words, architects and
engineers set the base and the preconditions for a successful project where the best possible
technologies are implemented. Architects' criteria for the best possible technology may
involve the experience of the building when using it and esthetical criteria are therefore of
importance. Functional requirements are crucial and the systems should be practical and fit the
function of the building.
4.1.7 Contractors
Depending on the form of contract, the contractors have different fales to play and the
potential criteria for what the best possible technology is vary with the form of contract. In
contracts where the contract may influence the choice oftechnology, the criteria may look very
much the same as the c1ient's. When the contractor does not have any influence, a criterion
may be that the technology should be easy to adjust and install inta the building systems.
In a divided contract the c1ienthas the coordinating. However, the c1ientcan transfer the main
responsibility and the coordinating functions to Ollemain contractor. The contractors in their
tum can engage sub-/or trade contractors for minor parts of their share of the construction
(Nordstrand, 1993). The contractors are not able to influence the choice of heating systems and
technologies or even products in this form of contract. The c1ientand the decisions taken in the
pre-design phase govem their work. Still, they are responsible for installation and adjustment
of the systems to the actual conditions in the building.

5 The Building as a System and in a System
5.1
The Building in the Wider System
A building never stands by itself completely independent from other structures. The building is
a system with interrelated functions that form the building services. It is also a part of alarger
and causal systems consisting of the physical infrastructure of roads and energy supply systems
for electricity and the building services7.Figure 6 shows the general functions of a building.

The Building in a Landscape

Natural and cuiturai aspects as weil physical structures in the
urban system

The Building as a Structure

Permanent materials in the main body of the building, insulation,
windows, doors etc. surface cladding and fixed installations

The Building as a Terminal

Short-term storage of items, materials and fuels

The Building as a Process Converter

Immediate use (quaiity degradation) of energy and materials flows,
e.g. heat, air, light, electricity, water

The Building as an Activity Zone

Figure 6 The functions of a building

User activities for various purposes

-

effects the energy

consumption

Source: Based on Andersson & Setterwall, 1996.

The construction of a new building therefore effects the physical structures as weIl as the social
structures in the area. More people will be spending time in the area, either working or as
tenants, as weIl as more people will need more services and facilities i.e. food stores and public
communication. The demand for e.g. heat and electricity in the area will thereby increase.
Hence, it is important to plan for a robust and flexible supply system for the entire area not
only for a single building. To look beyond the building and consider the whole system, what it
effects and is effected by, is crucial for a successful implementation of an energy system, also
from an environmental point ofview (Gräslund Jonas, 2000-09-14).
The energy conversion, the energy distribution and its end use are interconnected activities in a
large system. The distribution of energy and the conversion to heat can take place at four
different leveis. Firstly, a single building can be supplied by energy "on-line" (district heating,
gas or electricity) and the energy is converted to heat into the building. Secondly, the building
can be part of a block of buildings with Olleheating plant and the heat is distributed to the
buildings. Thirdly, the building can be supplied with fuel, which is converted to heat into the
building. Fourthly, the building works as a c1imateshell and thereby constitutes its own energy
system, conversion and distribution take place in the building (i.e. passive solar heating).
5.2
The Building and the Climate
The building envelope should not only keep a good indoor c1imate it should also work as the
protection from the outdoor c1imate such as; cold, heat, moisture, wind, rain etc. The
conditions for each building vary depending on location and time of the year as weIl as with
day and night. Construction materials and installations interact in creating a good and healthy
indoor environment, no matter of the c1imateconditions outside the building envelope.

Building Services = HVAC (Heating, Ventilation and Air Conditioning), water and sewage systems, gas
and electrical systems, fire-fighting system as weIl as controi and supervisory systems.

The heat conveyance to a building occurs through;
. sun radiation on windows and to some extent through absorption through the
building envelope,
heat transfer from people, lightning, electrical equipment and processes,
heat from heating systems in the building,

..
..

however, there are also heat losses in a building;
transmission losses through walls, floor/foundation, roof, windows and doors,
ventilation losses when the cold outdoor air is heated to room temperature,
. hot water losses through heating of cold water that after lise is let out in the
sewage system,
The building materials have a thermal storage capacity that interacts with the heating system.
This capacity can be used to reduce heating (or cooling) needs. Building materials are thereby
means for achieving energy efficiency.
5.2.1 Thermal Climatization by the Building Envelope
Passive thermal climatization makes lise of solar energy as weIl as the heat from people,
appliances, etc. The simplest form of passive solar hearing is "direct-gain", which all glazed
buildings make lise of to some extent (Boyle, 1996). Active thermal climatization, with a
heating system, also requires a good building envelope. The degree of heat saving measures
depends on the economy, i.e. a trade offbetween heating costs and heat saving costs.
In passive house projects8where no particularly advanced technologies are used, the required
heat load is only 25 - 30kWh/m2/year, which is far below the future goal in Sweden of 60
kWh/m2/year. All the strategies (see 5.2.1:1-4) can generally be used for minimizing the need
for bought energy (for space heating and domestic hot water) for all kinds of buildings. The
only precondition is that the building envelope has to be developed optimally in relation to the
energy balance of the building. The strategies for passive solar energy make the heating as an
integral part of the building that does not require any costs in running. The strategies further
decrease the need for installing complex heating systems in the building, which may save
investment costs. Passive heating is also robust and reliable, and does not require maintenance
to the same extent as technical installations. In addition to that, the lifetime of construction
materials is usually longer than for technical installations (Eek Hans, 2000-09-28).
5.2.1:1 Allocation
The location of the building on the allocated site is essentiai to protect the building from cold
windsbut at the sametime utilizethe sunbeamsas long as possibleduringdaytime. To have a
large fayade with many big windows facing south can be beneficiai from an energy saving
point of view. However, the number and size of the windows need to be balanced in order not
to take in more heat than needed. Hence, the need for ventilation and cooling systems could be
minimized.
Another aspect to consider, is the localization of planned activities inside the building. Rooms
that do not need heat or daylight, such as storage and laundry rooms, should be facing north.
8

In Lindås, south of Göteborg, two-Ievel town houses are under construction arter such principles and
there are several similar projects in Germany. http://www.passivehaus-info.de or http://www.passive.se
or http://www.cepheus.de

This will prevent heat loss through windows on the shady side of the property, since heat leaks
through the building envelope when the indoor climate is warmer than the outside (PSIC,
2000; Arkitekt och Ingenjörsföretagen & Byggsektorns Kretsloppsråd, 1997).
5.2.1:2 Materials
Heavy or massive material9 stores both heat and cold. If used together with efficient
technologies, the need for an externai energy inflow could be even further reduced. To make
lise of storage capacity of the heavy materials, fluctuation of the indoor temperature must be
allowed. If the building is not understood as a system in the design phase, the advantages with
heavy materials will be lost. Heavy materials in direct air contact together with good insulation
of the climate shell provide the best conditions for energy savings (Miljöteknikdelegationen,
1999).
5.2.1:3Insulation
To increase the larer of insulation is a cost effective method for decreasing the transmission
losses from the building envelope and for improving the thermal climate, claims Hans Eek
(2000-09-28). The dimensions of the insulation excessive in the "passive house" projects in
comparison to what can be considered as conventionai (Eek, 1998).

.
.
.

foundation under the concrete slab 200mm (twice the conventionai),
Otiter wall s 350mm (200mm in conventionai buildings),
attic 500mm (300-400mm in conventionai buildings),

The U values1o based on these dimensions can be compared to the recommended values in the
report by the Swedish Delegation for Sustainable Technology - see figure 7. It is notable that
the values in the right column do not differ dramatically from what could be considered as
conventionaI. As visualized in figure 7, the thermal climatization of the envelope could be
improved much further than the recommendations for sustainable technology imply.

Figure 7

0.099 W/m~,K
0.15 W/m~,K
0.075 W/m, K
0.1 W/m, K
0.11 W/m, K
0.2 W/m, K
Comparison of V values
Source: Eek, 1998; Miljäteknikdelegationen, 1999

5.2.1:4 Windows
The U value for a window can be improved by increasing the number of glasses. Alternatively,
by adding Olle or two low-emissivity coatings on the glass and change the gas between the
panes (sealed tillits) from dry air to a gas as Argon or Krypton (Adams on Bo, 2000-11-07).

9
10

E.g. granite, eonerete, water, bricks/tiles and clinkers.
The thermal transmittance of a building material expressed as V value measured in W/m2K.

The Swedish Institute for Standards (SIS), eco-Iabels windows with a value below 1.4W/m2K.
Still. it is an extensive annual energy loss through these windows. The EKU delegation!!
therefore suggests thai windows in buildings under renovation should be at least 1.3W/m2K.In
new productions, the U value should be below 1.0W/m2K. However.. there are windows
available thai can Teacha U value equal to 0.7 - 0.8W/m2K. The relatively high purchase costs
is Olleaspect to consider with the low-energy windows, which is the major obstacle in building
projects. (Miljöteknikdelegationen12,1999).
A study initiated by the International
Heat load
kWh
Energy Agency (IEA), further presented on
page 23 section 6.1.3, shows the results of
improving the building envelope. Together
with passive solar strategies, these means
can decrease the need for energy quite
dramatically during some parts of the year,
Decembe
January
as shown in figure 8, relatively measured.
III DHW ElNet Solar HV iii!HV r.,lmproved U-value
The yellow area shows how much the
utilization of solar heat can decrease the
Figure 8 Decrease ofNeed - Annual Thermal Energy
need for bought energy and the dotted line
Requirements for Heating, Ventilation (HV)
show how much the need can be decreased
and Domestic Hot Water (DHW) in a typical
multi-dwellings block.
by improving the U value of the building.
Source: Dalenbäck, lEA Task 201996.
Good windows are essentiai for the total
energy saving since the lower U values for
windows the betteT U value for the whole
building envelope13.

-

I

5.3
The Building and the Operator
The behavior of the tigersof the building is important for the energy usage. A study carried out
by Skanska Project Development & Real Estate showed thai the tigers and their appliances
stood for approximately 50% of the total energy usage in an office building (Gräslund Jonas,
2000-09-14). The knowledge of the function and performance of the systems in a building, and
of their operation and maintenance, therefore plays a major role in the conservation potential

(comparethe criteriaof BPT regardingeducationand management- section3.2). To involve
the tigers in the energy conservation is therefore crucial, no matter if it is a block of dwellings
or offices. However, involvement and actions taken by the tigersand/or operators require some
kind of response. Measurement of the energy usage could be such a response that will show the
tigersthe results of their choices and behavior.

5.4
Importance of Measurement
A building has a long lifetime and the original function is likely to change over time. The
normal wearing out and the effect due to the climate, further changes the conditions for the
energy system of a building. The system needs to be updated to the new conditions and to go
11
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A govemmental delegation studying procurement procedures.
Department under the MinistIy of Jndustry, Employment and Conununications, with the task to try to
introduce new technology that is less environmentally hazardous on the market. The objective with their
reports is to provide a base for decision making in the govemment and for guiding actors in the building
sector.
The building requirements from SBHP do not express any specific rule on U values for windows but for
the overall building envelope.

through an ongoing measuring procedure, which will ease such an adaptation. The fUleof BPT
requires same kind of proof from the actors in a building project that a technique is the best
possible. With respect to heating systems, it can be presented as the yearly energy
consumption. The estimation of the energy consumption may be enough as proof for the fUle
of BPT, but to evaluate the whole system as such, a maTe detailed measurement is needed.
Two kinds of detailed measurement should be carried out. Firstly, in order to maintain the
function of a building with a good indoor climate, a continuous documentation of the changes
of the total inflow is essential. Secondly, the individual consumption is important for
measuring the system' s degree of efficiency. Measurement is further important to establish the
instructions for the management14 and maintenance15 of the building. A well-prepared
instruction could alone save several TWh in a year (Miljöstiftelsen for Byggsektorn, 1998).
When the building is taken inta use, the installations must be adjusted to fulfil the stated
functional requirements. A comparison between the actual energy consumption and the
requirement of the same will tell whether the best possible technology was installed or not.
However, the experience from low-energy projects show that it is very difficult to Teachthe
estimated values and the adjustments have to continue even arter the building is taken in use,
claims Bo Adamson (2000-11-07).
5.4.1 Individual Measurement
According to the EV directive, SAVE 93176/EEG,all member states are required to implement
programs for individual measurement in dwellings, as a measure to decrease the energy
consumption and the CO2 emissions. However, the directive does not imply national legal
legisiation. The motivation for implementing individual measurement due to the directive is
weak in Sweden argues Lennart Berndtsson (1999), since the COzemissions only will decrease
with 1%; fossil fuels are already a diminishing resource for space heating. Berndtsson further
claims that the "carrot" in an implementation of individual measurement, is the engagement of
the tenants in the energy savings and not the directive itself.
There are mainly two systems available for individual measurement of heat consumption in
multi-apartment blocks, either through measurement of the heat inflow to each apartment, or
measurement of the room temperatures in each apartment. There are pros and cons with both
systems and nalle of the two is completely fair in measuring the actual individual energy
consumption (Boverket, 1999b). Olle argument/or individual measurement is that an increased
self-control is believed to lead to a decrease in the energy usage. However, Lennart Berndtsson
(1999) argues that the opposite may occur. The experienced temperature is very individual and
culture, age as well as health aspects may influence the tenants to raise the temperature when
they have the control. Therefore, Berndtsson argues, should the focus be on the consumers
behavior and the motivation for energy conservation and not on the technology for individual
measurement.
The main issues of the chapter: By looking at the building as a part of a wider system, the preconditions for
achieving a robust and flexible heating system are established. However, before deciding on technical systems
for heating and an externaI energy intlow shouJd carefuJJy be estimated and limit,

a
.}- Nextchapteroutlinesthe alternativesforheatingsystemsin buiJdings.
14
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The management instruction describes a building with its systems and components, and the placement of
installations, their functions and safety requirements.
The maintenance instruction describes the routines for when and how to conduct maintenance procedure.

6 Heating Systems and Environmentallmpacts
Even a weIl-performed thermal climatization of the building envelope may not be enough to
maintain a good indoor climate, especiaIly in the harsh Swedish winters. Extra heat need to be
supplied to the building. However, cooling may also be required in buildings where the heat
gain from people, appliances and solar transmission are high, as in office buildings. It is
essentiai that heating and cooling exclude each other. The ventilation system is in office
buildings used for transportation of heated or cooled air. However, according to the objective
of this study, a limitation is taken to focus on the heating problem and exclude ventilation and
cooling (see 2.2.2).
6.1
Supply Systems for Heating
There are various supply systems to consider for multi-storage buildings and commercial
properties located in a city center or in the outskirts of a city. Both externaIly produced heat
(district heating) and locaIly produced heat (nearby site) can be relevant.
6.1.1 District Heating
District heating is mainly developed in urban areas where it can serve large areas and many
buildings, and thereby be economically feasible. The system of district heating can lise several
energy sources in order to produce heat for buildings.
6.1.1:1 Biofuels
Bioenergy can be extracted from material through combustion usuaIly at large heating plants.
The material has to be of biological origin, such as wood products, energy forest, and byproducts from the mass-industry and waste. The various biofuels are usually transformed inta
wood bricks or pellets; such products give a higher energy output because of their compactness
and low moisture content (Energimyndigheten, 1999). Biofuels can be used both locaIly as
weIl as in district heating systems. However, local burning of fuels in dense areas result in
transportation to and from sites as well as environmental problems, therefore it is assumed not
to be an alternative in this study.
Biofuels in a district heating system is a comparatively expensive due to the transformation
process of the bricks/peIlets and for the transportation to the combustion plants. Only 3% (in
1999) of the heat load for the district heating in Göteborg originated from biofuels (Göteborg
Energi, 2000).
The consumption of biofuels does not contribute to a decline of non-renewable resources hut
when burning biofuels, carbon dioxide, sulfur dioxide, NOx,volatile matter and heavy metals
are released inta the atmosphere. It is not more than the growing vegetation can absorb, hut the
emission can have health effects on humans. However, the effects can be limited if used in a
district heating system, because a large system can have better cleaning equipment than i.e. a
private villa owner may have access to (Energimyndigheten, 1999). Considering the emissions
and the huge quantities of fuels required for district heating, it is arguable whether this is a
sustainable way of heating buildings. However, in comparison to the lise of fossil fuels, it is an
alternative and feasible to lise by-products as an additional resource. It may also be reliable
since the resource is likely to be available also in the future.

6.1.1:2 Waste and Rejected Heat
Domestic waste is incinerated to produce heat for the district heating system. Waste
contributes to the district heating in Göteborg with 24% (Göteborg Energi, 2000
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figures) of its required heat load. To rely on waste for heat production would not be
sustainable, since the amount of waste is likely to reduce remarkably within the following
years. The consumers are learning how to assort the household waste, landfill regulations are
becoming stricter, and recycling schemes are likely to make the amount smaller and the
consistenee different. Rejected heat is another resource that can be utilized for district heating
(see section 6.2.2). In Göteborg it is mainly the rejected heat from the oil refineries north of the
city that are used in the district heating system (33% of the heat load in 1999). To reuse the
heat increases its efficiency and decrease the overall energy consumption.
6.1.1:3 Combined Heat and Power
Combined Heat and Power (CHP) refers to the simultaneous production and exploitation of
high quaiity energy and low-grade energy from the same energy source, i.e. biofuels. In a
steam turbine, a generator produces both electricity and cooling water that are used for heating
the water in the district heating system. The process can be described as backpressure power.
The primary target with CHP is to produce electricity and the heat is rather a spin-off product
that the power plant can gell as a source for district heating. There is a great potential for CHP
argues SNEA and claims that the main obstacle is the cheap prize on electricity and the easy
access through nuclear power. The environmental impacts of CHP depend on what resource is
used as fuel for the steam turbine and on what measures are taken to prevent emissions
(Energimyndigheten, 1999).
6.1.1:4 Natural Gas
Another possible resource for producing heat for the district heating is natural gas although it is
a fossil fuel and extracted in a similar war as crude oi!. The gas is distributed through pipelines
to CHP plants that produce heat for district heating. This system is weIl developed in the
Göteborg region since there is in fact a pipeline going through the region. Eighteen percentages
of the required heat load for district heating is produced by natural gas (Göteborg Energi,
2000). The burning of natural gas releases carbon dioxide but only half of the amount that is
released when buming coal and oi!. Another advantage with the burning of gas is that natural
gas does not contain any sulfur at all. It is also easy to distribute and the equipment for
cleaning the outlets are simpler than for buming oil or coal (Energimyndigheten, 1999).
6.1.2 Electric Heating - Wind, Sun and Waterpower
Wind energy is not directly used for space heating but the electricity produced by windmills
can be used for electric heating. From an environmental point of view the main arguments
against windmills are the esthetical and that the noise from the milIs may disturb people living
in the surrounding neighborhood as well as the wildlife (ibid.). Solar, PhotoVoltaic (PV), cells
are used in the production of electricity, orten for distribution nearby the production site. PV
cells have a number of advantages; they hardly need any maintenance since there are no
moving parts in the construction, no fuel costs and the productian does not generate any
environmental pollution. The disadvantages are; firstly, the problem of accumulation until the
energy is needed and secondly, that it is very dependent on the climate (Andersson &
Setterwall, 1996). Waterpower may have the same function, which is to generate electric
heating. The environmental impact is partlya change in the visible and physical surroundings
and it can cause erosion, but the main impact is on the habitat in the water. A change of the
water stream may effect the conditions for the fish in the stream (Energimyndigheten, 1999).

A change towards renewable energy resources for electricity production is possible to some
extent, especially if considering local and small-scale production. Still, the Swedish
government has decided that the electric heating should be reduced in favor of district heating
(Näringsdepartementet, 2000). Olle could argue that such a decision limits the alternatives for
locally based energy productions, for both urban areas as weIl as non-urbanized areas. To
transfer electricity to heat is relatively easy and the installations are cheap, but the cost can still
be high due to a small distribution district with few consumers.
6.1.3 Local Heat production - Solar Heating
Solar collectors are used for so called active solar heating. There are many possible solutions
on walls or on the ground but the most common systems have roof mounted absorbents on
buildings. Solar collectors can supply the building on which they are mounted or they can
supply a whole block if distributed from an accumulation tank. A large field of solar collectors
can also be connected to a district heating system.
The absorbent may be a black painted plate with a transparent cover, where the plate is heated
by the gunradiation. The absorbed heat passes trough a medium, either water or air, in a closed
system inside the building envelop. The water pipes are normally connected to well-insulated
accumulation tanks that distribute the heat when needed for either space heating or domestic
hot water (DHW). The figures 9a-b show the results from a study initiated by the International
Energy Agency (IEA), with the alm to create a discussion about the benefits with solar
collectors in the climate of Northern US or Europe. Figure 9a shows the reference case of a
typical multi-dwellings block situated in any of the countries in those regions and where the
annual heat supply is assumed to 140kWh/m2(40kWh for DHW and 100 kWh for HY per
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heated floor area). By installing solar coIlectors, very positive results with the heat fOf DHW
can be achieved as shown in figure 9b. The annual energy savings amount to 15-20kWh/m2
due to the solar collectors. If the ventilation air is preheated in a solar air collector, i.e. glazed
parts of the fa9ade or glazed balconies, the energy requirement can be reduced even further.
The advantages with solar energy are of COllegethe low environmental impact and that the solar
heat is a renewable energy resource. Other positive features are its accessibility directly where
the energy is converted, no transportation is needed, and the fact that the energy resource in
itself is free of char~e. However, there are also some drawbacks. The system has a highly
seasonai dependency. If full capacity were to be achieved in wintertime, very large collectors
would be needed, which in summer time would produce an over capacityand is therefore a

matter of design and suitability for each building or block of houses. If the collectors are roofmounted, they have to withstand all kinds of c1imate and if the system is water-based and it
additionally needs to be leek-proof. The systems could easily corrode and has to stand large
temperature range in the c1imate.It is difficult to manufacture systems that are endurable under
these conditions (Boyle, 1996). Another limitation with the solar collectors is that they have to
face south or at least south-east or south-west, in other words the technical preconditions have
to be suitable in order to make the system productive (Energimyndigheten, 1999). Further, the
absorbent is usually made of copper and aluminum, which are both energy demanding to
manufacture. Aluminum further causes emissions of fluorides that even at low concentrations
can damage the vegetation. The top layer of the solar collector is orten painted in black to
absorb more sun energy, which can reflect the Still light in an unpleasant way for people
(Boyle, 1996).
However, if considering the whole cyc1eof impacts from the "cradle to the grave", the system
has a low environmental impact in comparison with systems using other renewable energy
sources. Although the cost of solar collectors is usually not more than two percentages of the
total costs for the production, they are considered as too costly. A better information and an
extended acceptance of longer payback times, will make more projects to lise solar collectors
argues Jan-Olof Dalenbäck (2000-08-30). The volume of the manufacturing would increase
and the costs would decrease argues Dalenbäck.
6.2
Heat Conversion Systems
Although, efficient technologies are installed there is still heat loss through all "outflow
systems" (see section 5.2) Le. the ventilation system in a building. To lise technology that can
reuse the heat from the air outflow and wastewater will therefore increase the efficiency even
more.

6.2.1 Boilers
Boilers are conventionally used for heat conversion out of oil and coal. However, boilers can
be converted to lise resources such as natural gas and biofuels. Advantages with gas in addition
to low cost are simplified system designs, improved efficiency since the gas has such high
energy density and reduced environmental impact. With catalytic burners, the emission can be
reduced. Fuel-fired boilers usually incorporate domestic hot water storage as an integral part of
the boiler, which make the systems energy efficient (Andersson & Setterwall, 1996).
6.2.2 Heat Recovery Systems - Heat Pump and Heat Exchanger
A heat pump uses "free-energy" available in different elements such as the ground,
groundwater, ventilation air or the outdoor air. Even heat with such low temperatures that it
cannot be used directly for heating can be converted in a heat pump to a higher level suitable
for space heating or for DHW. Depending on the heat source for the heat pump, e.g. lkWh
electricity to the compressor will result in 3-5 kWh heat from the heat pump (ibid.).
There are however environmental considerations with heat pumps. The cooling agent has
conventionally been chlorine based, CFC or HCFC, hut with the risk of leakage such agents
are damaging for the ozone layer and contribute to the c1imatechanges. Nonetheless, there are
nowadays alternatives such as ammonia and hydrocarbons that are replacing the old agents.
Advantages with the heat pump are that it saves primary energy and at the same time
contributes to increasing the efficiency of the heating system. Disadvantages are the extensive

maintenance and its relatively short lifetime. Factors that should be considered in the costbenefit analysis. The energy for rullning the pump is usually electricity hut there are also
combustion engines available using oil and natural gas as fuel. Heat exchangers make lise of
the exhaust ventilation air to heat the fresh supply air. Systems that can work with small
differences in the ventilation air-temperatures provide higher heat factorsl6. Good heat
exchangers have an efficiency of 0.8. The disadvantage is that a supply and exhaust system is
required, which is more expensive than an exhaust air system. Heat exchangers in new
buildings are more common today than new installations of heat pumps. In buildings that
require both heating and cooling, an installation of a pump with a capacity of both
requirements is beneficiai considering energy savings (Energimyndigheten 1999).
6.3
Heating Systems
When the energy is converted to heat, it is distributed in the building to moms requiring space
heating. Water, air or electricity are used as agents for transportation of heat to the heating
systems in the moms.
Pipeline circuits in a building distributes hot water to heaters in the moms. The heaters are
either radiators or convectors. The former heats the air and radiates heat into the room, while
convectors mainly heat the bypassing air. These kinds of heaters are easy to regulate and
controi (Adamson & Hidemark, 1986). The energy efficiency for the heaters is nearly the same
hut convectors are preferable at places where the space is limited although they are more costly
than radiators.
Hot water can also be used in circuits in floors or roofs. An important advantage with
floor/rooj heating is that the whole surface gets heated which does not require very high
temperatures, below 40°C, to be efficient (ibid.). The experience and the comfort of
floor/ceiling heating are the advantages of the system and in case of moisture in i.e. entrances
it will dry up quickly. However, if the circuits are in casting floars the heat transmission is hard
to regulate due to the heat inertia of the material.
Warm air can via the ventilation's air supply system be distributed into the different moms.
With normal heat requirements and hygienic ventilation, the temperatures must be very high,
which can be uncomfortable and create health risks. Therefore, is the ventilation sometimes
increased by a re-circulation of the ventilation air, which also has its disadvantages. However,
with the low heat requirement of extremely energy efficient buildings (below 20 kWhlm2 for
heating), a distribution system of warm air is possible solution. The disadvantage with the
system is the problems of regulation in individual moms. Electricity on the other hand is easy
both to distribute and to regulate individually for each room (ibid.).
Tbe mainissues of the~hapte.,:1'here. is no such thing as Ollebest possiblerheatiqgsystem .suitable for an
biiildings. not even for(jne building. Several alternatives are availablc:.,also such systems tb.iltare l?ased on
reat Roten~i~lfor

)'- Next chaRter looks at whåfkind ofbeatiqgsysteni$ are u&~din !WOrealproject5and how the theory so
farij aRRlicableintbe realiw.
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7 Empirical Study - Heating Systems in Buildings
The two main projects in this empirical part are, jirstly, Gärdsten a project with an explicit
energy approach, and with the aim to demonstrate alternative methods for heating; and for
reducing the environmental impact. Secondly, Gothia, which is ahotel complex with no
explicit approach towards energy savings.
7.1

Gårdsten - Dwellings

7.1.1 Background
Gårdsten, is a residentiai area 13
kilometers north of Göteborg, built in the
early 1970's and is a typical area from the
era of the million housing program. The
area has had a bad reputation and several
vacant apartments for years. To change
the negative label, a new municipal
housing company was formed in 1997,
Gårdstensbostäder AB. In order to
increase the artractiveness of the area
Gårdstensbostäder decided that an FiglOGårdsten arter the renovation. Source: CNA Homepage
extensive renovation should take place.
Investigations regarding suitable renovation measures and financing were carried out. At the

same time, the European Union's fourth ttame program had a project caIled Thermie that
focused on solar energy in renovation projects. The program decided to support the project in
Gårdsten with the aim to demonstrate a comprehensive integrated renovation concept,
comprising energy conservation and usage of solar energy. Thermie partly financed the extra
costs (compared to the rost of a "normal" renovation) with the stated requirement of a fortypercentage reduction of the existing energy consumption.
Before the renovation, heat was supplied to the area by district heating and distributed in the
buildings by a "one-pipe water radiator system". The energy loss from the buildings was large
due to heat transmissions through the ventilation system and to badly insulated and maintained
building envelopes. The yearly heat load before the renovation was around 270kWh/m2
"heated floor area". With the implementation of the new measures, based on the Thermie
requirement, the future heat load will be around 160kWh/m2"heated floor area".

7.1.2 Applied Systems17
Principally thefigures 8 and 9a-b in section 5.2.1:4 and 6.1.3 apply to Gårdsten regarding the
conducted measures. Of the 2250 apartments in the area, 255 have so far undergone an
extensive renovation. There are three different types of buildings in the renovated block and
those have different components forming their heating systems. The energy conversion is
direct (preheated air inflow) as weIl as distributed ttom a central accumulation tank in the
"balcony access block" to the other buildings. Figure 11 describes the installed measures arter
the renovation.
17

Based on inteIViews with Elving P-O, 2000-08-17, Nordström Crister, 2000-08-22, Dalenbäck J-O,
2000-08-30.

Installation of a heat exchanger thai recycIes the
heat flum the extracted air.

Glazed balconies give preheated air inflow
(solar hearing), a firn spreads the heated air

through ducts in the building. Glazed
balconies have an additional fimction since
they bring part of the heat loss flum the
building back inta the system again.

Solar air collectors integrated in a new
inclined mof in the wall facing south and a
new otiter wall facing east, west and north
with a air slot (5Omm) in between. The
solar heated air circulates in the slot and
thereby form a cIosed system for heating
this building.

Installationof a heat exchanger and
impmvements of the old ventilation
system.
District heating and
apartments.

radiators in

gablewalls.

Change of inner-glass in windows to a
low-emissivityglas.
Roof-integrated solar collectors (3m2 per
flat) thai contributeto preheating ofheating
oftap water (DHW system). The system is
connected to a buffer stornge tank in the
basement This building is the service unit
of domestic water for all the other
buildings in the block.

District heating and radiators in

Additional insuIation in the attic which
impmve the thennal insulation of the existing
air supply ducts as these are situated cIoseto the
mof cover.

Additional insulation in the attic

Change of inner-glass in windows to a lowemissivity glas except flum windows in the
living moms that were changed completely to
3-gIasswindows

Change of inner-glass in windows to a
low-emissivityglas.

apartments.

Additional insuIation in the attic, foundation and

Figure 11

District heating and radiators in apartments.
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Heating Systems in the different types ofbuildings

- Gårdsten.

If grading the measures after their importance for the energy savings according to Dalenbäck,
the installation of heat exchangers is the most energy efficient measure taken in the project.
That is followed by the solar collectors and then the new glasses in the windows, additional
insulation etc. Before the renovation, the windows had an U value of around 3W/m2K, and
after the change, around 2W/m2K (Dalenbäck J-O, 2000-08-30). However, this is still not
enough to fulfil the EKU delegation' s definition of energy efficient windows, see section
5.2.1:4.
The fUle of BPT was not really known by the respondents hut when asked whether the best
possible technologies for heating the block were installed, all of them answered yes. The
Skanska project leader based his answer on his intuition and common sense, as well as on long
working experience. The architect, Christer Nordström based his statement on a lifetime
engagement for solar heatinglenergy. Jan-Olof Dalenbäck on the other hand, argued that the
best possible technologies according to their knowledge at the time for planning had been
installed. However, Dalenbäck continues, the project has further extended their knowledge and
that is how it should be, an ongoing process, where the knowledge of the state of art must be
updated continuously. Another very important aspect in a renovation project is to conduct an
extensive inventory before starting the planning, in order to adjust the new technologies to the
specific context and thereby achieve the best possible technologies, states Dalenbäck.
7.1.3 Oecision Making Process
Gårdsten is a realization of the experiences from the IEA projects (see section 5.2.1:4 and
6.1.3) as well as from the experiences by the designers and initiators. The decision to lise solar
energy was taken by Thermie, as well as the technical measures such as roof mounted
integrated solar collectors and glazed balconies. The project initiators adopted the design of
these measures after the existing conditions in Gårdsten. The planned measures suited

Gårdstensbostäder weIl and were in line with their own plans for the renovation, according to
the housing company' s project leader (Lind Rune, 2000-08-29). The economic support by
Thermie has of course been an incentive to adopt non-conventional techniques for the energy
system. Gårdstensbostäder has had Ollemain requirement that they have pushed forward, no
matter the costs, which was an implementation of a system enabling individual measurement
of grace heating in each flat. The main argument was that with such a system, the tenants
would be able to ray their own individual bills. The cost would thereby be based on the indoor
climate they prefer in their own homes. Controlover the private economy is an important
component for getting a positive view of the living environment argues Rune Lind (op.cit.).
The "design and build" contract was given to Skanska arter the tendering process because they
had the most transparent and organized presentation of their environmental management
system, claims Rune Lind (op.cit.). This was an important criterion for Gårdstensbostäder as
the client. The functional requirements stated by Gårstensbostäder and Thermie were mainly
on the system as such hut also on specific technology. The requirements were expressed in the
project program on which the contractors made their tenders. By the time Skanska got
involved, the client and the designers had already tumed the functions into technology and
Skanska could not influence the choice of technical installations. Still, there has been an
ongoing communication between all actors in the project about the environmental impacts,
products and distributors, choice of materials etc. (Elving, op.cit).
A weIl working communication between all parties on site is a precondition for a successful
implementation of the best possible technologies argues Christer Nordström (op.cit.), since no
actor has the complete version of what is the best possible solution. He continues by saying "to be able to discuss an implementation of the fUle of BPT, the totality must be visualized. It is
not possible to discuss details without putting them into a wider perspective and also to
understand the experience of thern". What has eased the communication between the
contractor and the architect is the extended responsibility insurance. Normally, the architect's
responsibility time of ten years starts arter finishing the design and before the main contractor
takes over the organization of the project planning. In this project, Skanska decided to contract
the architect for the whole project time and thereby are both actors' responsibility-time
beginning at the same time. The architect can take part in all discussions, explain his ideas and
leam from the practical installations of his designs, which is useful for both parts.

Because of the specified program for the project, the role of Skanska as the main contractor
was limited in the procurement process. The Skanska purchaser conducted the procurement
and presented the tenders for the project group, which then chose products. All technical
installations and materials were available from Swedish distributors. The fact that most
materials and technologies were prescribed ahead of the production process, did not face any
problems, in spite of the project being a "design and build" contract. Normally Skanska, as the
main contractor in "design and build "projects, has the possibility of choosing materials as long
as they meet the stated requirements. However, since Skanska lacks experience from similar
projects with this kind of technology (roof mounted solar collectors) and had no agreements
with distributors that they had to follow, the prescribed products were never questioned
(Elving, op.cit.).
In the project group, consisting of all involved main actors in the production phase, there has
been an ongoing discussion on what measures are cost-effective and when does the costs have
a higher priority than the environmental impact. This balance process continues throughout the

project. A more comprehensive energy saving in the block could have been possible, if a heatrecovery system had been installed in the "ba1cony access building" as well. However, that
would have required a complete change of the existing ventilation system, which was not
considered as a cost-effective measure. The solar collectors on the roof of the "ba1cony access
building" could have been less expensive if the solar collectors had been built-in in pitched
roof elements instead of in a mono-pitched roof. The architect wanted the latter because of
esthetical reasons as well as the essentialness of a correct angle on the roof in order to get
maximum sun absorption. It is however questionable if that would be considered important in
relation to the costs in the next project, argues Jan-Olof Dalenbäck (op.cit).
7.1.4 Applying the Whole Building Strategy
In this project, the whole building was taken in consideration and measures in all three-aspect
categories (see fig. 2 in section 2.2) contribute to the energy savings. The limiting factor was
the existing conditions of the buildings. A decrease in the need for externai energy inflow
could probably have been more extensive if the windows had been changed completely or if
more insulation had been added, hut such improvements were not considered as cost effective.
The design utilizes solar energy with the new glazed ba1conies and the double building
envelope on "house 69". Energy efficient materials have been used, such as additional
insulation in the attics and low-energy glasses in windows, massive material in the "double
building envelope". The new technologies are also contributing to the energy efficiency, the
solar collectors and the heat exchangers. The previously used main source for heating, the
district heating, is still being used to meet the required heat load the year around; it would have
been inefficient not to utilize the existing pipes.
The EV governance under Thermie was in this case fruitful since their requirement of 40%
reduction forced several measures to be taken. To install solar heating only for DHW would
not have met the functional requirement, the "whole building" perspective was needed.
Further, Thermie contributed with economic incentives to enable a rush for alternative
technologies and because of Thermie it was possible to discuss the alternatives with other
scholars and to spread the knowledge about the technologies in Europe.
7.1.5 Measurement and Individual Meters
An extensive measurement of the energy consumption is carried out in the project and will
continue until May in 2001, half a year arter the dwellings are taken in lise again. The aim with
the measurement is to evaluate the applied systems and to prove for Thermie that the
requirement of an energy reduction is fulfilled. The preliminary results show a slight difference
from the estimated values, which is believed to be due to the weather conditions with few sunhours in the summer 2000 as well as to badly adjusted radiator systems. Still, the required heat
load for DHW between April and October has been supplied to an extent of 50 percentages by
the solar collectors. Thereby has the total required heat load decreased dramatically in
comparison with before the renovation (Dalenbäck, 2000).
Individual meters for space heating, DHW and cold water, as well as household electricity are
installed in all apartments. The installation will not ray off economically, the value lies in the
self-control ofthe costs for living, argues Gårdstensbostäder. Gårdstensbostäder decided to lise
a system that measures the room temperature and not the inflow of heat to each apartment An
advantage with this system is that the heat flows between apartments do not have any major
impact for the individual, since it is the actual temperature rather than the energy consumption
that matters. On the other hand, extra heat from electrical appliances and people, make the

temperature rise and thereby the energy bills. To avoid this disadvantage, temperatures in the
in living rooms and bedrooms are measured, not in bathrooms or kitchens since that would be
misleading. In bathrooms, it should be warm to prevent moisture damages and in the kitchen, it
is warm duc to cooking. In these two rooms there are fixed thermostats (Dalenbäc~ J-O, 200008-30). The tenants are able to regulate the temperature in the rooms themselves and signals
from each room go to Gårdstensbostäder. Be1ow 21°C the bill is lowered by a few SEK and
vice versa. The temperature cannot be lower than 18°Cor higher than 23°C, since that is not
believed to be good for the building. This system save time for the property caretakers since
they do not have to go to the apartments for changing the temperature as soon as someone is
unsatisfied. Every tenant is now able to take care of the indoor c1imateand to regulate it after
his or her individual choice.
7.2

Gothia Twin Towers - HotellOffices

7.2.1 Background

Figure 12

Twin Towers Hotel Gothia
Source: Svenska Mässan, 2000

In the central part of Göteborg, the
Swedish Exhibition & Congress Center
(SECC) is building a new hotel complex
next to their existing hotel and the
exhibition halls (new complex to the left in
figure 12). The 23-storey hotel will have
420 rooms and is supposed to be ready in
March 200l. SECC is certified according
to ISO 1400l standards since November
1998. Their environmental policy states
that they will reduce their energy
consumption and consider environmental
aspects in all procurements (Svenska
Mässan, 2000). The construction work is
carried out as a "design and build" contract
and Skanska is the main contractor.

7.2.2 Applied Systems
The heat distribution system to the building is district heating supplied by Göteborg Energi (for
environmental impacts and production of heat - see section 6.1.1). The distribution in the
building is water based, a pump circulates the hot water to the circuits and radiators are
installed in all hotel rooms. The rooms in the top level that are situated in the comers and have
two otiter walls, will be equipped with radiators with alarger capacity to balance the exposure
to cold winds. In rooms with limited space or large glazed partitions, convector heaters are
installed instead of radiators. In the entrance, floor heating distributes the heat and dries up the
moisture from outdoors (Cottman Peter, 2000-09-21). The transformation of the energy mainly
takes place inside the building.
With all the people that are on the move in this complex and all the electrical equipment, there
is a need for cooling and ventilation. The source for cold is distance cooling, also delivered by
Göteborg Energi AB. The cold is distributed through a duct system with cooling beams in
rooms requiring cold. The ventilation system is connected to a heat exchanger to recover the
heat from the exhausted air.

The required heat load for space
heating (H Need) and hot water
(HW) is 1291929kWh/year or
55.9kW/m2 "heated floor area"
:~~~~~
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people in the building (process)
as weIl as the regain of heat
through the heat exchangers (FTX). The bought heat load (H bought) is however larger than
the needed load, since there is some energy loss in the distribution system, in the building, and
district heating is used for rullning the cooling generator.
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The required heat load may seem very low (in comparison to Gårdsten). However, if adding
the energy required for the processes that give off heat, the figure of the total heat load looks.
quite different, 55,9 + 46.2= IO2.lkWlm2 "heatedfloor area". Still, the heat load is below the
BBR requirement of 110kW/m2for new buildings (dwellings) - see section 3.3. The need for
hot tap water (HW) is more or less constant the rear around. The heat regain by the heat
exchangers (FTX) is rather constant except from in summer time. The ventilation system is
dimensioned arter the need in different weekdays, depending on the expected activities in the
building. Installed windows have a U valne of lAW/m2K, the roof-structure 0.229W/m2K
(240mm insulation) and the fa~de walls 0.321W/m2K. The valnes are approximately double
the recommendatioll-by the Miljöteknikdelegationell-- see sectioD 5.2.1:3. Still the average U
valne for the building is 0.309W/m2K, which is below the BBR requirement of OA09W/m2K
(Energibalansberäkning, 1999).
7.2.3 Decision Making Process
The client (SECC) did in the pre-design phase together with consultants, produce quite an
extensive prograrnl9for the continuation of the construction work. The architect together with
SECC chose the windows with frarnes. The windows with aluminum profiles are manufactured
specifically for the project. To use windows with lower U valnes and to decrease the need for
radiators was never discussed, although it could have been possible according to the architect
Heikki Särg (2000-10-03). The profiles decided the dimension of the insulation in the walls.
The dient had no requirements for the U valnes or insulation dimensions.
The insulation in foundation and roof structure are dimensioned by Skanska after the energy
balance calculation also conducted by Skanska. Since the calculated average U valne for the
building was far below the BBR (in Boverket, 1999a) requirement, there was no discussion
about increasing the insulation, rather the opposite. However, a dimension after the BBR
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This data have been produced with a computer pro~
" E-nonn 1000" based on the technicai input
data from the projected building and not from real data measured in an erected.building..
The teodering process is based 00 this project program.

requirement would have given a too low load bearing capacity in the construction according to
Skanska Teknik AB. The HVAC consultant in the pre-design phase wrote the "building service
systems" program. The HVAC consultant selected, according to his knowledge, the best
possible installations regarding energy consumption and performance. The prescribed products
and technical requirements were decided after consultation with the dient The HYAC
consultant experienced the dient as very strict on their environmental as weIl as financial
criteria (Dahl Leif, 2000-09-27). Whilst, SECC daims that there are no such stated and listed
environmental criteria.
SECC have had their own environmental coordinator taking part in the whole design phase.
However, the environmental coordinator daims that she has only taken part in Ollemeeting and
no technical details were ever discussed (Lövås Petra, 2000-09-27). Still, consultants feel
technically governed by the environmental and other criteria stated by the dient The building
systems coordinator from Skanska, daims that the company could hardly make any decisions
since everything was specified and detailed in the project program. On the other hand, the
HVAC consultant in the "design and build" contract (not the same as the pre-designer) daims
that they could not suggest alternatives to the prescribed technologies in the program, since
they were completely governed by Skanska (Cottman Peter, op.cit). It is difficult to state how
representative the decision making process in this project is but the condusion of these
findings is; no actors would like to see themselves responsible for the applied system.
Other heat sources (or cooling) than district heating were not considered since SECC already
had an advantageous contract for the existing building with Göteborg Energi AB. This has in
other words worked as an economic incentive influencing the choice of heat supply system.
Esthetical and noise criteria for cooling beams determined the choice of products, even if other
products were lower in prize (Leif Dahl, op.cit). When asked whether the best possible
technologies are used in the project, all respondents said yes but were not aware of the
existence of the fUle.The technical installations have the best possible energy efficiency argues
Leif Dahl, which he further argues is the most important criterion for the best possible
technology.
7.2.4 Applying the Whole Building Strategy
The architectural design of the twin tower, to look exactly as the existing tower, determined the
fayade material and the aluminum profiles. To lise the architectural design as a measure for
energy savings was never considered by the architect or the dient The building materials do
not seem to have been particularly in focus when considering the energy consumption,
although passive solar heating was considered in the building' s energy balance (see section
7.2.2). Measures for energy savings have mainly been focusing on the technical installations,
such as the heat exchangers and the heat pump.
In this project, the "whole building strategy" has not been in focus, even if all three aspects in
the strategy (see section 2.2) partly have been considered. It has been a "split approach" of the
different aspects, most likely because the installations were decided already in the pre-design
phase. The construction design is developed according to the pre-conditions and the energy
balance was carried out with the prescribed installations in mind. A lower BBR requirement of
the average U value for the building envelope, could have made a difference considering the
insulation and thereby on the possible energy saving.

7.2.5 Measuring Energy Consumption
There will be no sensors in the building that are able to detect the need for heat, cold or
ventilation, since that was considered as too costly. Neither will any individual measurement of
the energy consumption take place. The SECC has no interest in charging their customers
individually, even if that could be possible since there will be several restaurants and bars in
the hotel building with separate owners. The total energy consumption is the only interest for
SECC (Peter Cottman, op.cit). What they will miss out on is the essentiaI information on the
changes in the operation and the different parts of the system, which is crucial for the
maintenance. Further, the energy efficiency of the applied systems in the building will not be
known and most important, neither will it be known if the best possible technologies were
applied.
7.3
In Comparison with Other Objects
From studying the two very different projects, Gårdsten and Gothia Twin Towers, same crucial
aspects can be detected, aspects that influence the energy efficiency and the application of the
"whole building strategy". What Gårdsten and Gothia Twin Towers have in common is; both
are carried out as "design and build" contracts where Skanska is the main contractor and where
they, despite of this, haJ little influence on applied energy systems. The decisions in what
energy systems to lise were taken early in the planning processes before Skanska appeared in
the projects.
Therefore, governance is a crucial aspect in the projects. While Gårdsten very much was
governed by Thermie and the initiators, Gothia Twin Towers was governed by the client,
SECC. The former haJ functional and technical requirements whilst the latter had technical
requirements and specified products in the project program, which blocked any discussions on
alternatives. In neither of the projects has the Göteborg Municipality been involved in the
project planning concerning energy systems. Neither has the fUle of BPT explicitly been a
fUling principal in the procurement nor in the decision taking process. Not many actors seemed
to be aware of the existence of the fUle. What make the governance different from each other,
are not only the product specifications in stead of functional requirements, but also the
governors themselves.

While Thermie has their own research park and a well-developed network of professionals in
the field, SECC haJ to rely on their employees and the contracted consultants. Skilled actors in
energy conservation is therefore another crucial aspect for implementation of the best possible
energy systems. The platform for governing towards an unconventional energy system can be
assumed to have been maTeextensive in the case of Gårdsten. The major energy supplier in the
region, Göteborg Energi AB, was an externaI actor in the decision making process, setting the
frame for the alternatives. In Gårdsten, they did not have any major influence on the choice of
system, even if they would have liked to see alarger consumption of district heating. In the
case of Gothia, Göteborg Energi AB influenced the choice of system through an economically
advantageous contract
Communication between the involved actors along the whole process of the project, is an
aspect that has contributed to the success of Gårdsten. Many of the actors were involved early
on in the project and have continued to be involved throughout the production and
misunderstandings could thereby be avoided.

7.3.1 Silverdal
Silverdal in Sollentuna Municipality, is a project where commercial premises will be built with
the purpose to attract companies with environmental and IT profiles, and in addition to the
commercial properties, 100.000m2will be built for dwellings. The intention is to create an area
with an energy profile that uses new efficient technology, which will be a combination of the
best possible and experiments. Skanska is Olleof two main developers (Dahlgren Martin, 200009-15).
The governance in this project is different since the Sollentuna Municipality largely is involved
in the early project planning. The municipality has set the functional requirement of the energy
consumption, to 65% of what BBR requires (65% of 110=71.5kWh/m2).They have further
used the detailed development plan for the area, to set requirements for the energy supply. The
plan does not specify the energy source, only that the distribution should be water-based in
order to enable a connection with renewable energy sources and to be able to have the sarne
circuit for heat in the whole area. The plan further states that the buildings should have low
energy consumption and an optimization of passive solar utilization should be carried out.
Nevertheless, nothing about values or guidelines for such requirements is stated in the plan.
Additionally, the municipality requires the project's basic data to be easily evaluated and
followed up for measuring the efficiency and effects of the energy system (Sollentuna
Kommun, 1998).
However, the future energy distributors are directed by the municipality, which thereby has an
extensive influence on the choice of energy systems even if not expressed on the detailed
development plan. Three energy distributors are taking part in the initial discussions of the
development and each Olleof them will have their share in the future distribution of electricity
produced by wind power mills, district heating and cooling. The wind power construction will
achieve govemmental subsidies, which therefore can be assumed to be the economic incentive
for the choice of electricity provider. The frarne for the choice of energy systems is thereby
taken and the alternatives become limited. However, the advantage with the cooperation is that
it creates financially favorable agreements that make the choice of energy systems
economically sustainable (Dahlgren Martin, op.cit).
Silverdal is still in the development phase and the communication between the actors seems to
be going on but no designers are yet involved. Still, there is Olle project group looking at
energy systems and are trying to find the technically and environmentally most advantageous
alternatives, within the frame given by the municipality. The criteria for their evaluation of the
techniques are; feasibility, robustly (meaning safe operation, flexible and simple) and resource
usage with a minimum of CD2emissions. The detailed development plan for the area expresses
a certain level of the "whole building approach". However, without any designers involved,
trying to visualize what the functional requirements mean in practice, a concentration on
technology in the initial planning process, may leave out the "whole building approach". How
to limit the need for an energy inflow, through the design of the buildings and the material
constitution, has to be considered in the design of the technical installations in order to arrive at
an optimized system for the whole building.
The functional requirements (with certain limitations) opens up for many more discussions
between the actors in the planning process in order to find the best systems. Therefore, the best
possible technologies for the energy systems may very weIl be implemented in Silverdal.

7.3.2 Hammarby Sjöstad
Hammarby Sjöstad is the largest environmentally adopted construction project in Stockholm
City, where the energy issues are of great concern. The area will when finished contain 8.000
apartments for about 15.000 people and should show cutting-edge technology in an
environmentally sustainable built environment, promoting a sustainable way of living. The
idea came about when Stockholm applied for the Olympic games in 2004. An ecologically
sustainable area in the inner city would be a good symbolic promotion for Stockholm. The
project is completely a product of civil servants and political decisions. The overall
requirement was to build an area that would have half of the environmental impacts than
normally in similarly projects. In order to enable such a requirement, three energy distributors
in the region worked out a concept resulting in a program for the project with the best suitable
technology. As in the project Silverdal, the frame for the alternatives was set by the energy
distributors and there were no clients or contractors in the initial planning team (Blix Kerstin,
2000-09-13).
The Environmental Code was not yet in practice when the project planning started and
therefore the fUle of BPT was never directly targeted. However, all technical installations and
systems are based on environmental sustainability, economical feasibility, technical possibility
and their user friendliness. The latter criterion was seen as crucial and as a precondition to
make all systems reliable and sustainable. A factor that contributed to get the best technology
in practice is the Govemment's financial support (ibid.).
The overall functional requirement for applied energy systems was a total energy consumption
of 60kW/m2and 100% of the energy supply should be based on renewable energy sources
(Hammarby Sjöstad, 2000). The clients (are sometimes the building contractors as well) have
expressed their concerns about the requirement on the total energy consumption. They have
argued that it is an impossible goal to achieve within reasonable financial frames. (H is
interesting that the requirement is exactly what SBHP sees as the future target for the energy
consumption of a building. A requirement that they believe is possible to meet even today with
the technologies that are available on the market).
The functional requirement cannot be changed in the program for Hammarby Sjöstad.
Nevertheless, the requirement is now meant to be 60kW/m2 for bought energy (i.e. district
heating), the internally produced (i.e. solar heating for DHW or from the PV cells) is excluded.
Kerstin Blix (op.cit.) argues that an environmental program for a project can never assure that
goals and requirements are followed, since there are no juridical measures taken if they are not
fulfilled. The program deals more with the overall infrastructure and an overall achievement of
the functional requirement is most important, a step aside from the original plan due to
financial reasons is not a major problem claims Blix. Based on the functional requirements,
clients and contractors take the decisions on the levet of technical installations.
Nevertheless, in order to try to controi the practical implementation of the functional
requirements, common procurement procedures are performed. Before the procurement
procedure, certain techniques with low environmental impact were picked, in a second stage,
technologies with the best energy efficiency were chosen, and functional requirements
composed. The procurement was conducted based on the selection process. This working
procedure stimulates the contractors to find alternatives and compete for offering the best
possible technique and lor solution that meets the technical requirements. Such a procedure
further presses the prices down. In the end, the feasibility makes the final decision regarding a

product. Architects and designers that were involved in the initial planning phase are no longer
involved in the production, which is conventionai in the Swedish construction customs. In
order to have same communication throughout the project the inspector who conducted the
original plan for the area is part of the project leader team. The team continuously visits the
site and deals with the practical implications arising on site.
7.3.3 Important Aspects - Governance, SkilIs and Communication
As in the two main projects, the reference projects further visualize the importance of
governance towards certain alternative energy systems in order to decrease the need for energy
inflow. Gothia Twin Towers was the most governed project regarding products. The other
projects have haJ a more oren approach opening up for alternatives within the system, as long
as the functional requirements were fulfilled.
Functional requirements demand communication between all actors, both in the establishment
of weIl working requirements and during the practical implementation of technologies/systems.
In product directed projects, such as Gothia Twin Towers, a communication for finding the
best possible technologies is not needed. However, a communication between the actors is still
essentiai in order to find the best possible solutions for installing the prescribed technologies in
the building system. Skilled actors in energy conservation are primarily needed in the
beginning of the planning process to establish the functional requirements and secondarily, to
in cooperation with other consultants, prescribe energy efficient technologies.
7.4
In Comparison with BAT/BPT and other Criteria - an Analysis of the Energy
Systems
Figure 14 on the following page, briefly campares the two main projects with the qualitative
criteria presented in the IPPC directive and with the criteria that can be understood from the
Swedish Environmental Code, as weIl as same brought up in interviews. Although the energy
systems and the kind of building projects differ quite extensively, they do not differ
remarkably in fulfilling those criteria.
As can be seen in the table, both projects lise technologies that are weIl tested and that give off
minimal quantities of discharge. However, in nalle of the two projects were other alternatives
than the applied never really discussed. Still, the applied systems do show technical progress in
the field of heating systems and they are technically possible. The applied systems in Gårdsten
are likely to become economically feasible due to the financial support from Thermie, and
Gothia will probably be feasible after same time as weIl. Both systems have a small
environmental impact in the beginning of the production chain of heat as weIl as a minimized
risk for accidents to occur that could have an environmental impact.
According to this comparison, both projects could most likely claim that the best possible
technologies are installed, and especially if considering the values in the building regulation
(BBR) as the minimum level for the fUle of BPT. The major difference between the heating
systems is the grade of environmental impact in the beginning of the production chain.
Gårdsten uses solar energy more extensively than Gothia Twin Towers and uses a "whole
building strategy", which efficiently reduces the need for an energy inflow to the block. The
installations used in Gårdsten will most likely last longer since heat pumps, which is used in
the hotel project, generally do not last longer than approximately twenty years. The cost for the
maintenance will therefore be less in Gårdsten considering the heating systems.
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Expressed by the interviewed respondents or from literature in the energy field.

8 Practical Rule for Sustainable Systems?
8.1
Preconditions for Successfullmplementation of BPT
The fUleof BPT is a framework legislation and do not provide practical guidelines for how to
apply to it and the lack of known praxis further complicates an interpretation. Hence, the fUle
of BPT can never be viewed or understood separatelyfrom the project, the technologies must
be placed inta a broader perspective and the interpretation is exc1usive for each context. The
research shows that the fUle is not very weil known amongst the actors in the building sector.
Even respondents at authorities locally as weIl as nationally did not know about its content or
same not even about its existence. Still, a process of implementation involves many actors with
different positions and to be successful no actors can be left behind.
8.1.1 InProject
In nalle of the two studied projects did the actors initially express that the best possible
technologies were to be used. Still, the best possible technologies can be considered as applied
in both projects in comparison with the basic criteria that are possible to conc1ude from the
Environmental Code and the IPPC directive. The driving force may then be the market, the
demand for specific systems, and not the legisiation. A second force may be the professionai
pride. There are no actors that want to make a badjob and as a result ofthat they work for the
best possible result in order to satisfy the customers and to be compatible on the market.
Legislation can never push for professionai pride, such is maintained and developed by a
skilled company management. The project level may therefore be the most practical levet to
handle the final decisions regarding what should be considered as the best possible technology.
However, a successful implementation of the fUlerequires skilled and responsible actors in all
project phases, communicating with each other. Well-developed functional requirements
expressed by the c1ientwith help from pre-designers constitute the hage for the communication
between the actors in the production phase. The requirements further constitute a start for a
systems approach of the building and its installations for heating. The competence of the c1ient
and the designers in expressing requirements is visualized on site and in the results. In the two
studied projects, this is shown through the differences in the ability of communication as weIl
as in having an integrated view of the heating systems in the buildings. Without skilled actors
in the design phase, there is not much the contractors can accomplish in order to implement the
best possible technologies, more than installing and adjusting the systems according to the
stated requirements. This study shows that in spite of Skanska being the main contractor in the
"design and build" projects, they have not haJ much influence in the choice of components of
the heating systems. Depending on the contract, the building contractor completes decisions
taken by the other actors or they are the decision-makers to same extent.
If the installed system for heating in a project were the best possible or not, will not be known
before a measurement of the energy consumption is carried out and compared with the stated
functional requirements. The measurement has to continue for same years before a relevant
conc1usion can be taken. However, it is important to remember that there is not Olle single
solution that is the best possible rather several, the state of the best possible is not static, and
systems therefore require on going adjustments and maintenance.
8.1.2 Locally
The example of Silverdal in Sollentuna Municipality shows that local authorities may have an
important role to play for a successful implementation of the fUle of BPT and not onlyas the

controlling authority. Sollentuna Municipality used available toois, the development plans, to
state that the best possible technology in their opinion goes beyond the requirement in BBR.
By using the detailed development plan, a systems perspective is taken and the energy supply
is considered for the whole area, not only for Olleparticular building. A possible successful as
weIl as practical implementation of the fUle of BPT may therefore involve the municipality as
weIl as energy distributors early on in the planning process. A municipality may be a support
for the client in establishing relevant and effective functional requirements. Still, this is not
equal to a smooth implementation, as the example of Hammarby Sjöstad indicates. Where lack
of communication in the planning process with the actors who were to tum the requirements
inta practice, lead to unnecessary disagreements and interruptions in the project.
8.1.3 Nationally
An implementation of the fUle of BPT on the national scale does not (yet) seem to be very
successful, from a legislating point of view. The "trickle down" from the legislation to the
local municipalities, via authorities, has not worked as intended. Authorities related to the
building sector should be directing and converting the fUle inta practical and measurable
criteria.
However, if the authorities were to be writing criteria that always expressed values of the
cutting-edge technologies, it would be a forever ongoing job and not very practical. Even if the
target 60kWh "bought energy/m2 for heating, DHW and household electricity" was to be a
BBR requirement relatively soon, that would not necessarily imply that the best possible
technologies would be implemented. However, the levet of the requirement does imply that the
inflow of energy must decrease and passive-heating systems therefore would become relevant
as weIl as reuse of heat. It further implies that the building as a system must be improved. Still,
the level does not target the energy resources. A requirement expressed in gram CO2
emissions/m2, targets the resource and not only the consumption. It could therefore be a
forceful complement to a stricter functional requirement of the energy consumption. The fale
of the authorities might be to continue to provide local supervisory authorities as weIl as the
clients with guidelines for how to establish effective functional requirements. Another
important role is to push the "tail" of actors that are not "drivers" towards an implementation
process with new and energy efficient technology.
8.2
Sustainable Energy Systems
The fUleof BPT, as it is in the Environmental Code, does not constitute a guarantee for a longterm sustainability. The fUlein itself is not enough for a successful implementation, but it does
create a force for continuos improvements, which hopefully will lead to environmental
sustainability in the end. Applied on heating systems, it mayovertime lead to a change towards
more energy efficient systems and a usage of renewable energy sources. Still, it depends on
technical development and the availability of the alternative technologies on the market. Where
economically feasible systems as weIl as increased knowledge of all actors govern the demand
for the alternatives and thereby the availability on the market.
Economic sustainability is considered by the fUle,through the statement that the technologies
must be economically reasonable and thereby not cause financial unsustainability for the
developer. This may increase the motivation of the developers for using so called alternative
technologies for space heating. However, without a demand by the users neither the developers
nor the contractors will invest in alternative technologies. To sustain a demand for the

alternative heating systems, most of the Swedish population must share the values behind the
housekeeping of energy. An environmental movement supporting the political decision gives it
legitimacy and makes it more "alive" to the people, which may further engage them. As with
all social engagement, it requires some kind of response to sustain an interest for the issue.
Therefore, follow-ups on the fUleof BPT on the national, local and project level are important.
The actors in the phase of production may need to be skilled, aware and economically
motivated, hut when taken in lise the tigers and maintainers have to keep the measures going
and maybe improve them. This requires measurement, control and evaluation. Hence, a
sustainable society has to include directives as i.e. the fUle of BPT, knowledge, economical
motivation and environmental movements.
If looking beyond the boundaries of Sweden, the fUle may lead to a decrease in the total
Swedish consumption hut still, it does not imply that countries that need to increase their
consumption necessarily can gain from the reduction. Therefore, a long-term sustainability
globally is difficult to consider.
8.3

Recommendations to Skanska

It is as the project developer that Skanska can influence the most on the choice of technologies
and systems. Of importance in order to be successful, is to value the professional pride of all
the actors in a project, since it obviously is a tool for applying to the fUle of BPT. Skanska
should therefore continue to continuously train their employees and update theirs knowledge
and competence in the issue, in order to ensure a successful implementation of the fUle.
Further, constructing energy efficient buildings requires a whole building strategy and a well
working communication between all actors in a project. As project developer, Skanska needs to
assure that the communication contains and enables a systems approach. In which the
alternatives for achieving the best possible building system for heating are discussed, in stead
of specifying products too early in the project planning. In other words, that all aspects in the
"whole building strategy" (see page 3) are considered. Looking at the building as a system
with many components influencing the lise of energy could thereby save money. If the
architectural design of the building is adapted to the passive house strategies, the energy
inflow can be minimized and the dimensions of the technical installations may be smaller. This
knowledge should be reflected in the functional requirements in projects where Skanska is the
developer. Even when Skanska is not the developer, they should always advice the client to
have this strategy from the beginning in the project planning. In "design and build" contracts,
Skanska has the possibility to contract designers with this knowledge and therefore will work
in the project development according to the strategy. It is in the design phase and in the initial
planning of a project that, the preconditions for limiting the energy lise are set.
A common hage for a discussion could be an administrative system that categorizes the
buildings arter their estimated energy consumption. In the different categories, functional
requirements should be expressed, such as the maximum need of "bought energy/m2" and/or
"gram emissions1m2".The fales of the actors should be stated as well as the person who will
manage the communication. Checklists based on the aspects in the "whole building approach"
could be useful in the initial planning process, as well as a common database accessible for
project teams and projects developers. The database could contain evaluations of previous
projects and references to people in the organization that are specialized in different fields of
technologies, i.e. heating systems, and to other sources of information.

9 Final Remarks
9.1

Discussion

The topic of this study is of importance for the building sector since it is not really known how
to interpret the fUleof BPT and how to relate to it. This study shows that the responsibility for
applying the fUle of BPT in a project is not only the responsibility of Olle single actor.
Although the strongest force for using the best possible technology may be the professionaI
pride and not the legislation itself, the fUleof BPT is a good tool for managing the whole sector
into the same direction. The fUlethereby becomes a precondition for continuous improvements
in the field oftechnology.
The Swedish fUle ofBPT as well as the European Union' s BAT, and other similar fUlesin the
world may therefore very well be Olleway of reaching the target of the Kyoto protocol - a
reduction of the COz emissions. Still it requires skilled and practical implementers as well as
continuing research and development. New technologies with smaller environmental impacts
need to be placed quickly on the global market if the fUle should have any effect. The global
warming is indeed a global problem and therefore, global actions are required. A successful
implementation of the fUle in Sweden may guide other countries in how to be successful as
well. However, to become successful willlikely require a few more years of"errors and trials",
before the legislation is in balance with the process of implementation. The findings in this
study regarding the interpretation of the fUle of BPT do not only apply to the building sector
hut to all businesses that do not require permits for their operations.
9.2

Conclusions

There is no absolute definition of the fUleof "best possible technology" and there are no direct
documents available providing practical criteria. The Swedish fUleof BPT has its background
in the European IPPC directive, which in its tum originates from the global agreements on a
common combating of air pollution. The understanding of fUle of BPT has to be related to a
specific context since the preconditions set the frames. The fUle BPT applies to the building
sector although the IPPC directive does not directly target the sector. However, the fUleofBPT
expresses target of an implementation and not the road for getting there. Each project team
may therefore judge what is the best possible technology for a project, as long as they can
argue for the judgement and the grounds for taking it. The major responsibility falls on the
client and the project team to develop requirements that enables the best possible solutions for
a specific project. The role of the contractor varies with the form of contract hut it is as project
developer that the main contractor can influence the most on the choice of technologies.
The best possible technologies are implemented in the two studied projects, if considering the
possible and the available criteria. However, the implementations are not due to the fUle of
BPT hut to the requirements of specific technologies and most likely the professionaI pride of
the actors. The frames limiting the alternatives have been the existing conditions in the built
environment, the economy and/or the clients' specifications oftechnologies and products in the
projects. The project of Gårdsten has further fulfilled the criteria of a systems approach in the
renovation, which Gothia Twin Towers has not. It is a major conclusion of the study, that a
system approach (see section 2.2) is required in order to successfully implement the fUle of
BPT and to additionally, make lise of the best possible knowledge of the involved actors in a
project.

The local authorities may have an important role to play as providers of guidelines and for
enabling the best possible heating systems. The involvement of the local authorities may lead
to a broader view of the energy systems that looks beyond the building envelope. Still, a
successful implementation requires skilled and communicative actors willing to cooperate on a
project level. The knowledge of the c1ient or the project developer is crucial for formulating
practical requirements for the project; and such requirements are the preconditions for a
successful implementation of the fUleofBPT.
9.3

FurtherStudies

This study shows the difficulties in reaching the local levels with the implementation of the
fUle of BPT. What are then the obstac1esfor reaching out with framework legislation like the
fUle of BPT and especially to the municipalIeveI? Afuture study could have its approach out
from the "midleveI", from the perspective of the authorities, and then look at the problem and
not as in this study, from the bottom up. Another aspect that has not been widely discussed in
this study but that is of importance, is the role of economic incentives for a continuing
development. Are the existing subsidies leading to an implementation of the best possible
technologies? How can Skanska as a contractor and project developer strengthen their position
in the implementation process of the fUleof BPT in a project? How can the forms of contracts
be changed to become a successful platform for an implementation of the best possible
technology? Finally, the role of the tigers in reducing the need for energy needs to be further
explored.
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