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1 Introduction

The building sector is responsible for a substantial proportie@nefgy

use in Europe. Buildings consume more than 40% of the energy and
produce over 40% of the G@missions, and these figures are rising
(European Commission 2007). Hence, buildings have an important role in
some of the most important issues of today: global warmingeaadyy
supply security. Unless measures are taken, the building selitkeep

on contributing to these crises.

However, there exists a wide range of measures that can réoeice
energy requirements of buildings and replace fossil fuelsehgwable
energy. Best-practice examples show that it is even pogsilglenstruct
new buildings that are net exporters of energy in the course @hra—y
not that this undermines the need for new innovations for improving
energy- and cost-efficiency. The main challenge in the short is not

the lack of sufficient technological solutions, but lack of wsdale
diffusion of existing technologies that can improve the energy
performance of buildings.

The diffusion of these technologies is influenced by varioumifaclike
policy instruments, existing energy systems and culture. Tleeserd
may differ significantly from one country to another, depending on
national contexts. This report inquires into the driving foras barriers

to improved energy performance of buildings, using the Swedisthirogyil
sector as a case. In a European context Swedish buildings haetirgy
structure which includes electrical as well as thermailtihg systems.
This special energy structure makes Sweden an interesisgy as it
permits exploration of the co-existence of these two systdshow
they affect the possibilities for improving the energy penénce of
Swedish buildings. Due to the range of heating systems and energy
carriers available, energy use in buildings constitutesnaptex techno-
logical system. Thus the case is not only empirically istarg, but may
also be theoretically fruitful, involving the exploration ofcamplex
technological system and the search for factors that infuéschno-
logical change. The main objective of this report is to dperblack box

of technological change to explore the various driving forces anels

to the diffusion of technologies that may improve the energy peafoce

of buildings.

Whereas oil was the main source of heating in 1970, the share of
renewables in Sweden has increased continuously since. In adtfigon,
energy used for heating has remained relatively constantdi until
today despite an increase in the building stock and living dresudy
done by the International Energy Agency (IEA) shows that when
adjusting for climate, Swedish space heating is 22% lower ahselec-

tion of IAE countries (IEA 2004:50). However, there is still Siigaint
energy-efficiency potential in Swedish buildings (MinistrySafstainable
Development 2005).

The IPCC have stressed the importance of reducing greenhouse gas
emissions to limit the extent of global warming. Sweden hasttkis
issue very seriously, as ambitious climate goals excedti@g<Kyoto
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commitments were adopted in 2001 (Ministry of the Environment
2001a). Moreover, these goals have already been fulfilled. Thisxton
makes the Swedish case highly topical and interesting to study.

1.1 Research Questions

The objective of this report is to uncover the factors thatmpte or
prevent improved energy performance of buildings in Sweden. The study
focuses on the period between 2000 and 2006, as this allows us to
contrast the effects of contemporary events with histoyicalunded
structures. By focusing on a period near in time, the study bdsesahe
exploration of driving forces and barriers that may still b@drtant.
Attention and concern for climate change has increased intrgears,

and is one of the factors that will be explored in this repo# possible
driving force for improved energy performance of buildings in Sweden.

What characterizes the development of energy performance of build-
ings in Sweden from 2000 to 20067

Which factors have promoted and which have prevented improved
energy performance of buildings in Sweden during this period?

The report is embedded in an evolutionary economic approach to
technological change. Evolutionary economic theory emphasizes the
importance of technological systems when exploring technological
change. A technological system includes not only the physical compo-
nents, but also institutions that have a major influence on taetisal of
technologies (Mulder et al. 1999). Due to the range of available te
nologies, the technological system of energy performance of buildings
very complex. The system approach to technological change alows
explore the interdependence of various technologies and institatnohs
how they affect the energy performance of buildings on an ovexal. |
However, to be able to explain the development of energy performance of
buildings, | will have to break the technological system down suoio-
systems and study the development of these technologies.

To answer the first research question | will use energlystts to map

out the development of energy performance of buildings in Sweden. A
threefold understanding of energy performance will be appliesssshg

the substitution of fossil fuels with renewable energy, the coiovers
from electrical heating to thermal energy, and the reductioanergy
demand. The characterization of the development of energy perf@manc
will also involve changes in diffusion of technologies that redper
promote or prevent improved energy performance — like oil, distric
heating, solar collectors and heat pumps. The spread of these ¢echnol
gies will be used to describe and measure technological chaoge of

the technologies are used on a large scale today while @herdess
widely diffused, and also this diversity can contribute to atféiu
analysis.

The second research question aims at exploring factors that have pr
moted or prevented the development of energy performance of buildings
in Sweden between 2000 and 2006. Three explanatory approaches have
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been derived from theories of institutions and technological chahge
techno-economic, the institutional and the regulative. These appsach
will structure the empirical mapping and the analysis of uigiviorces
and barriers. Due to the complexity of the technological systieenergy
performance of buildings it is impossible to identify all relet/factors.
Limiting the study to techno-economic, institutional and regulative
factors will permit both broad and in-depth analysis of the infleesfc
these factors on the development of energy performance of buildings.

Thetechno-economic approadfas a deterministic view of technological
change. The technological regime defines a path or a technological
trajectory along which technological changes occur (Muldet.€t999).
Increasing returns promote the use of technologies that alneagybeen
adopted, while preventing further technological change outside the
technological trajectory because of the benefits gained byetmmolo-

gies that have been adopted (Arthur 1989). However, techno-economic
factors can also create new trajectories by the introduaifomew
scientific developments or technological breakthroughs (Cowan and
Hulten 1996 in Unruh 2002).

The institutional approachstresses the importance of values, norms,
cognition and culture for structuring the behaviour of the actast{(S
2001). If new technologies conflict with the institutional framekyor
technological change may be slowed down or technologies locked out
(Jacobsson and Bergek 2004). Institutional change is a gradudband s
process which tends to lag behind technological change, but it celoeals
ahead of technological development and act to promote new innovations
and diffusion.

The regulative approactemphasizes the influence of formal rules and
laws on technological change. Policy goals and instruments influence
technological change depending on, e.g., type and strength. Economic
measures have traditionally been the dominant form of poli¢gsuimgnt

in Sweden, but there has also been a long tradition of buildingaregul
tions. Also the regulative factors may both promote and prdfienise

of technologies that affect the development of energy performance.

To be able to go in depth and do a fruitful analysis, | hawedoted
some limitations. The study will concentrate on heating of mgkli
(including hot water), and will not include energy used in, e.g.tredak
equipment. More than 60% of the energy is used for heating and hot
water (Swedish Energy Agency 2006b), so this is an imporigidt to
explore. Both new buildings and the existing building stock ateded
in this study. There exist various measures that can be usetkvior
buildings and the existing building stock. The technological system
energy performance of buildings is complex, with many sub-s\ste
This study focuses on the most important technologies for eattlesd
building types.

1.2 Ouitline of Contents

Chapter two presents the analytical framework of the refcstaits by
discussing and defining technology and technological change, followed
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by the operationalization of the concept of energy performarice o
buildings. Then the three explanatory approaches — techno-economical,
institutional and regulative — are presented and operationalized.

Chapter three debates the methodological issues. The resesigh, the
production of data and methodological challenges are discussed.

In chapter four the empirical material is mapped out. Heating systains a
technologies are presented first to give a better understanding fo¢ld.

The next section presents the development of energy performance of
buildings between 2000 and 2006. Also the development of technologies
20002006 is discussed. Other empirical findings are presented and
organized according to whether they can be characterizedclasote
economic, institutional or regulative factors.

The analysis is presented in chapter five. It starts wighcharacteriza-

tion of the development of energy performance 2000-2006, and discusses
this development in relation to changes at component versus system level.
The next part explores the explanatory power of the three appraathes
the development of energy performance of buildings. First the
explanatory approaches are discussed separately, before ¢ tinen ¢o-
existence and mutual influence of technological, institutional and
regulative factors in the last part.

And finally in chapter six, the conclusions of this report.



2  Analytical framework

Improving the energy performance of buildings requires technealbgic
change at several levels. Invention and innovation of more energy
efficient and cost-efficient technologies are importarittb®e same time
there are already available a great many technologiescénatimprove

the energy performance of buildings. Diffusion of these technadgie
crucial to achieving improved energy performance, both shorttosd
term. It is the latter that will be the main focus of this report.

The analytical framework is embedded in evolutionary economarythe

A central concept in this theory is the understanding of tdobiual
systems. Technologies are perceived as interlinked to otherolegies,
users, producers and a range of institutions: these factors togetistr
tute the technological system (Mulder et al. 1999). The syafgroach

to technological change will be central in this report, asrggne
performance of buildings relies on a range of technologies artiinst
tions. Incorporating institutional factors enables a broader aoe m
fruitful analysis of technological change. According to Rosenkaoyf
Tushman (1994), it is especially important to explore the rolestitu-
tions when studying complex technological systems. Another element i
evolutionary economic theory that may be fruitful when exploring the
energy performance of buildings is the contextualizing dfrtetogical
change. Emphasis is put on available technological capabiétyaadd
and cost conditions and understandings of what is technologjowadly
sible and economically worthwhile to do (Mulder et al. 1999:®nd¢,

the techno-economic attributes of technologies must be studiea@tiomel

to how these technologies are perceived.

However, previous work on evolutionary theory and technological
change has seldom made analytical distinctions between tloeis/&ac-

tors that affect technological change. By deriving three aspbay
approaches, my analytical framework aims at contributing tahbery
debate on technological change. The explanatory approaches will als
provide a clearer theory foundation for the analysis. Theori@éssofu-

tions and technological change have been used to develop these ap-
proaches. The techno-economic approach stresses the physical akpects
the technologies concerned (Nelson 2003), the institutional approach
emphasizes the role of institutional factors, and the regelapproach
focuses on formal rules and laws (Scott 2001).

The first part of the chapter will discuss technology and tdofiual
change and how technological change can be understood and measured.
In the next section | discuss the term ‘energy performance lofiroys’

and how it will be interpreted in this study. The next part foeusethe

three explanatory approaches that will be used to explainffasidn of
technologies and the development of energy performance of buiidings
Sweden: the techno-economic, institutional and regulative approach.
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2.1 Technology and Technological Change
2.1.1 Technology

According to MacKenzie and Wajcman (1985) technology can be
understood as consisting of three different layers of meaairggt of
physical objects, human activity, and knowledge. Such a three-layer
understanding of technology implies that physical objects like a compute
or a heat pump cannot be understood without understanding how they are
used, and again the use of the physical objects is linked to kn@amédg
how to use them, repair, design and make them. According to this
understanding of technology, the physical objects in this studybweill
both active techniques like heat pumps and solar collectoispassive
techniques like architectural solutions and building materiigious
actors — like architects, building engineers, developerspaogle that
buy, rent and own buildings — are the users of the technology. The final
layer of technology consists of these actors’ knowledge abiwait
technologies.

Technologies that are interconnected can be understood as a
technological system (Unruh 2000). This approach can give a hatler
broader understanding when analysing factors influencing techndlogica
change because the focus is not on one particular technology, but on
many different technologies related to energy use in buildidgsuh
(2000:819) define a technological system as: ‘...inter-related commne
connected in a network or infrastructure that includes physical sox
informational elements.’

In Figure 2.1 the technological system is mapped out as it will be
operationalized in this report. Institutions have been divided into the
formal institutions; the regulative elements, and the inforat@ments;
values, norms etc., as in the explanatory approaches. The tagibabl
system has been broken down into three elements: physical cantgone
institutions, and regulative elements.
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Figure 2.1: The technological system of energy performance of
buildings
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According to Unruh (2000) the concept of technological systemsea
understood and analysed at several levels. A technologicahsysin-

sists of many sub-systems, which in turn can be further broken tow
new sub-systems. The number of sub-systems, the level of irdediep
ence between these sub-systems and the boundaries of the protuct wil
define the complexity of the system (Rosenkopf and Tushman 1994).
Hence, the study of a technological system on a higher leved tlead
increased complexity. The technological system for energynmeahce

of buildings can be described as a complex system due to theafnge
technologies and sub-systems, the interdependence between heating
system and technologies, and the unclear boundaries. The study of a
complex technological system allows us to explore the range of
interdependent factors that influence the diffusion of technologies.

2.1.2 Technological Change

Technological change can occur at various levels. Jaffd. €2@02)
distinguish three different stages of technological change: iovent
innovation and diffusion. Invention is the result of research and isrghe fi
development of a new product or process. The innovation occurs when
the product or process is put into regular operation, often thrqamied
research and demonstration projects. When the product or pioggss
become standardized and available for mass production and weiddsp
dissemination, the diffusion of technology takes place. Itdddtter that

will be the main focus in this report. However, inventions and innova
tions, or the lack of these, will be incorporated in thehho-economic
approach as these may be perceived as techno-economic factors that
influence the diffusion of technologies.
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It is common to distinguish between incremental and radicahtéogi-

cal change, and this distinction may also be fruitful in desugiléch-
nological change in this study. Incremental changes are réyatiiaor
changes of processes or products, and often involve the upgrading of
existing products and processes. These changes occur more avriess
tinuously as a result of experience and suggestions from asers
engineers. Such changes are of great importance for achievirgg mor
effective production etc., but one single incremental innovatitimot

have dramatic effects (Mulder et al. 1999). While increntecttanges

can be characterized as continuity, radical innovations reyresene-
thing completely new, a discontinuity. In the long term they cad lea
structural changes, but their impact on society will depend onhehet
this is a change on the component or the system level (Muldal e
1999). It is more difficult to achieve radical changes than inengéah
changes, but they are necessary for solving some of the envirtatme
problems of today. Existing technology has certain limits, and ujpgrad
will not solve all problems. Hence, radical changes caer ofther
solutions that would not be possible otherwise.

Unruh’s (2002) classification of policy approaches can be fruftul
discussing these issues further, as he classifies them jmyt @und level

of change: end-of-pipe, continuity and discontinuity. The end-of-pipe
approach requires no change in the system, but treats théoasigshis

has been the most common approach: it permits the overshsysd
infrastructure to remain unchanged, and the focus is instead ootthe
side of the system (Unruh 2002). These solutions can be effdotive
minimizing emissions to a specific point. However, despiteddmrease

in the emissions, this reduction may not compensate for the fgriawt
production and consumption. This report emphasizes substitution of
technologies rather than treating the emissions from fossil fuels. Tieus, t
end-of pipe approach is not relevant in the analysis of thimédagical
system.

The continuity approach also maintains the system, but selectqub€om
nents or processes are modified. This approach is charagdtbyidzacre-
mental innovation or change and tries to maintain as muclasgiyias
possible between the existing system and the new one. A&st teelemit
the apparent differences and create conceptual and physicaluitgnt
between the systems, potential users are expected to bepeoré¢o the
changes (Unruh 2002).

By contrast, the discontinuity approach replaces the systémlg, and
represents a radical change. Such solutions require the complete abandon-
ment and replacement of the existing system (Unruh 2002). This ap-
proach is most difficult to implement, because it is compleddfgrent

from the existing situation and such solutions will often be opposed and
criticized.

Continuity and discontinuity can be difficult to separate. Retance, it
is possible to have discontinuity at the component level and cogtaruit
the system level (Unruh 2002). One example of this can be chahging
energy carrier of district heating systems from oil to-&mergy. At the
system level, this change can be characterized as continuitg, avhihe
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component level it may be perceived as a radical change andtiiscon
uity. Changes at the system level will often be perceivadas funda-
mental and radical than changes at the component level. Technologies
that generate fundamental and radical system-level changeteathyo
technological regime shifts (Kemp 1994) or a new technologica- par
digm (Dosi 1982). Such changes can both affect existing branches in
society and give rise to new sectors, requiring changes iminag@n

and in management (Mulder et al. 1999). Technological change at the
system level therefore involves physical, social and orgaoizti
changes.

Kemp (2002) divides technological options available for achgewa
more sustainable development into two separate catega@maiogy

that makes the existing technological regime more sustajnabie
technology that represents the development of a new technological
regime. While the former involves changes at the componerit llkge
end-of-pipe technologies and can be characterized as continuitytt¢he la
demands fundamental changes in the rules and guiding principtes of
technological system and represents discontinuity. Figure 2.2 shows
technological change at different levels and their efferofronmental
improvement.

Figure 2.2: Technological change and environmental improvement

Source: Weterings et al. 1997 in Mulder et al. 999

In 2007 the IPCC issued their latest report on climate changehwhi
emphasized the increased seriousness of the climate chemge It
stated, with high agreement and backed up by much evidence, that the
rise in temperature is due to greenhouse gas emissions hinamn
activity. It is not possible to retrieve the increase inperature, but a
reduction in emissions could stabilize mean temperatures, degeo

the peak and decline of the reductions. To ensure that mean tamgera
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do not increase by more than 2 degrees, the growth ine@ssions

must be turned into reduction before 2015, and be reduced by between
50% to 85% by 2050 (IPCC 2007:15). Such radical reduction in CO
emissions will require not only incremental changes to opéintie
current system, but regime shifts as well. Incremental charagekead to
system optimizing and environmental improvements. But these are
limited by the current system and cannot exceed its limits. To inctease t
environmental improvements further, changes at system leViebavi
necessary. However, these changes occur in a long time-perspective.

2.2 Energy Performance of Buildings

The EU directive on energy performance of buildings define iieegy
performance of a building as the amount of energy that is actuall
consumed or estimated to meet the various needs of standardizefdaus
building. The calculation of the energy performance of a building is
include factors like heating and air conditioning installatiorise t
application of renewable energy resources and the design of tHmdpui
(Directive 2002/91/EC 2002).

Energy efficiency can be understood as the energy used (imiiutield
greater amounts of useful work (output) or that less energgeded to
perform the same function (National Board of Housing, Building and
Planning 2005). Reduction in energy demand is the most important
measure that can be taken to improve the energy performaadaudtl-

ing, as the most sustainable type of energy is simply erbagyis not

used (Naess 1997). The demand for energy can be reduced by energy-
efficiency measures or by the exploitation of passive solarggne
Energy-efficiency measures in a building can reduce heat lobgttsr
insulation, energy-efficient windows, materials and constocthat
reduce thermal bridges (Energiradgivningen 2006, Energirddgiverna
2007a, Energirddgiverna 2007b, Swedish Construction Federation 2007,
Boligministeriet 1998). Heat loss can also be reduced by amalpti
choice of building type, localization (local climate) and ¢neuping of
buildings. The two latter are also important in exploiting passiolar
energy (Naess 1997). Passive solar energy can in addition be ekplpite
optimal placing of windows and rooms that may reduce the need for
heating and cooling (Boligministeriet 1998). | will concentrate on
building techniques; choices regarding localization and grouping of
buildings are beyond the scope of this report.

The term exergy efficiency focuses on the correlation betweaengy
forms and the purpose. Electricity is high-quality energy and casdxt

for both heating and machinery, while thermal energy from fornusta
bio-energy can serve one purpose only: heating. Exergy efficearche
reached when the energy quality of the source is in correlaitbnthe
demand. This implies that high-quality energy like electristiould be
used for high-quality purposes and low-quality energy like thermal
energy should be used for low-quality purposes (Naess 1997). Even if the
energy comes from a renewable energy resource like hydropavigr, i
not ‘efficient’ if it is used for heating. Reducing the use et#icity for
low-quality purposes may lead to less need for electriciiynffossil
fuels.
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The substitution from fossil fuels to renewable energy is imaportor
reducing greenhouse gas emissions from the building sector. A wide
range of renewable energy technologies are available toa@ngathem
solar collectors, bio-energy and heat pumps.

Conversion from electrical heating to thermal energy is notiored in
the definition of energy performance of buildings in the Elédive.
However, | will include this element in my understanding of energ
performance as it is important for increased exergy effigie Hence,
energy performance of buildings covers three different éspéenergy
use in buildings: substitution from fossil fuels to renewabiergy,
switching from electrical heating to thermal energy, and resludh
energy demand. These three elements are all of great imporfanc
reducing climate gas emissions from the building sector anthdozas-
ing energy-supply security. Table 2.1 presents the technologidssin t
study and how they may contribute to improved energy performance of
buildings. They are categorized by feasibility for improving ¢nergy
performance in existing buildings and new buildings.

Table 2.1: Technologies that may improve the energy performae

of buildings
Substitution of fossil Conversion from Reduction in energy
fuels with renewable electrical heating to demand
energy thermal energy
New solar collectors bio-energy energy-efficient
buildings bio-energy heat pumps windows
heat pumps solar collectors increase insulation
district heating con;truchon/_de&gn for|
exploiting passive solar
energy and reduce
thermal bridges
Existing solar cells bio-energy energy-efficient
buildings bio-energy heat pumps windows
heat pumps solar collectors increase insulation
district heating

Energy performance will be understood as a result of inhereiftugets

of the building, like the current heating system, energhirtelogies and
building techniques. Two buildings with the same energy performance
may have differences in energy use due to the behaviour of the people
living there. As the focus in this report is on technologit¢enge, and

the technological system is complex in itself, people’s behawilnot

be included as a factor in this report. Energy statistiogighe data on the
energy delivered to buildings: this means the amount of ethengyht by

the consumers. This makes it impossible to measure the developiment
the energy demand on an aggregate level. Instead, | will usgicsafor
delivered energy as a measure, even though this is not cdmplete
accurate.
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2.3 Three Explanatory Approaches

This section presents the explanatory approaches that evillsbd to
explore the second research question: the factors that have pr@ndted
prevented the improvement of energy performance of Swedish buildings
from 2000 to 2006. The three approaches are derived from the dfims
theories of institutions and technological change. Severdieoténtral
terms in these theories, like technological trajectorietfy gapendency,
selection environment and increasing returns, include all ttterfa—
techno-economic, institutional and regulative. However, these pt:ce
are cultivated and linked to one of the approaches to giveagecldis-
tinction between them. Thus, the approaches do not exclude bet rath
supplement each other, providing a broad basis for the analysis. While the
techno-economic approach focuses on how qualities of the technologies
spur technological change, the institutional approach emphasizes how
institutional factors like norms and culture affect the spreatdainol-
ogies, and the regulative approach stresses how policy instsutitent
regulations and economic measures affect technological change.

2.3.1 The Techno-economic Approach

The power to affect change is imputed to the physical techwalogi
components themselves. This is one of the claims of technolalgit=t
minism (Marx and Smith 1994). Hence, technology develops as the sole
result of an internal dynamic and society adapts to the ebkang
Technological determinism is the most influential theory of the
relationship between technology and society, according to MaoKenzi
and Wajcman (1985). It is often held that technologists followldbi

of scientific discoveries and introduce new techniques and giodhto
society. However, scientific development is seen as beingaatedf by
society, with the technologists simply ‘applying science’ (Mate and
Wajcman 1985). Another dimension of technological determinism is that
technological change causes social change. The introductiorevef n
technologies offers new opportunities which lead us to change ousr idea
and lifestyles.

The importance of scientific knowledge for technological chaag#s-
cussed further by the ‘technology-push’ hypothesis, where technological
change is understood as the result of human ingenuity or nemtifscie
knowledge (Christiansen 2001). The speed and direction of technological
knowledge may create important conditions for the development or
improvement of products (Ende and Dolfsma 2002). ‘Technology push’
is most often used to explain inventions and innovations. But as
improvements in existing technologies, whether making them mote cos
efficient or more user-friendly, may be of great importafhae the
diffusion of these technologies, this hypothesis may also offer an
explanation for the development of energy performance of buildings.

The concept of technological trajectories explores the slaifrtechno-
logical determinism further as it provides explanation for ititernal
dynamics of the technologies. According to Mulder et al. (199&)rto-
logical trajectories can be perceived as expressions ofhadtegical
regime which defines a certain path. Technological change wdliroc
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along this path under the influence of the current regime.tifgis
components, theories and methods will influence the further development
of the technology (Kemp 2002). This implies that both instituti@mal
techno-economic factors are integrated in the concept of techrallogic
trajectories. However, | will concentrate the understandingdirolo-

gical trajectories on techno-economic factors, while thdititisnal
factors will be integrated in path dependency, to be discassadart of

the institutional approach. Techno-economic factors will be understood as
attributes inherent in the technology or the technological syshemn
affect the possibilities for diffusion.

According to Kemp (1994) a major reason why technological change
occurs along a technological trajectory is that already diffuseh-
nologies and designs have benefited from evolutionary improverments
terms of costs reduction and better performance. He strabses
importance of theselection environmerfor explaining the mechanisms
behind the selection of a technology, and emphasis is put on thechisto
context. The increased attractiveness of adopted technologies is by Arthur
(1988) referred to @mcreasing returns to adoptiona term we shall use

in this report. He identifies several sources that mayecthese benefits,

two of which may be relevant for exploring the influence ohtec
economic factors on the development of energy performance of
buildings.Learning by usings a result of the learning affects that come
from a technology, once it has been adopted. The more a technology is
used, the more is learned about it, and it may be improved and developed
further. Falling costs per unit as production increases leaddoomies

of scale in productiorand cheaper components. Increasing returns to
adoption affects the selection environment and gives benefiisetady
adopted technologies in the form of beneficial capital outlays ansi-phy
cal infrastructure. According to Freeman (1991) it is thenemic
elements of the selection environment that are the mgstriemt for the
spread of technologies. The selection environment also createwmie
logical lock-in, which makes any technological change outside the
technological trajectory difficult.

Overcoming technological lock-in may be crucial for the diffusdn
technologies that are hampered by existing technologicalctgjes.
However, overcoming lock-in has been little explored: lock-in has gimpl
been seen as an exogenous force driven by extraordinary evensesr cr
Cowan and Hulten (1996, in Unruh 2002) have explored this issue further
and have identified six extraordinary events that may overcorkérioc
Four of these are related to technology: crises in the tedynevolved,
technological breakthrough, niche markets, and new scienéfialts.

The exogenous forces must be stronger than the increasing returns t
adoption discussed above for the lock-in to be overcome. And most
likely, they must be followed by changes in institutions and regulations.

To evaluate the techno-economic approach | will examine relevant
techno-economic factors and discifsandhow they have influenced the
diffusion of technologies and the development of energy performance of
buildings. For the techno-economic approach to have explanatory power,
the techno-economic factors must be shown to have affected the develop
ment of energy performance. The existing physical infrastreignftu-
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ences diffusion in various ways depending on the attributes of the specific
technologies: what is an advantage for one technology may dis- a
advantage for another. If there has been technological chiwage
indicates regime shifts, have exogenous technological factonrs bee
important for overcoming lock-in? The presence of one or more of the
events identified by Cowan and Hulten (1996 in Unruh 2002) may
indicate the development of a new technological trajectory. In the
following, | examine three techno-economic factors: physical imtrest
ture, attributes of the technologies, and prices and costs. Ihwaya
have these affected the diffusion of technologies, and how has this
affected the energy performance of buildings? To answet ti$ rely

on interviews, previous studies and characteristics of the technologies.

2.3.2 The Institutional Approach

Technological determinism has been criticized by advocates dl soc
construction of technology for ignoring the influence of institutions on
the development of science and technology. Scientists and techrlogist
are members of society and their activities cannot be segddram their
lives within society. Studies have revealed that instiigtiaffect science
and technology in several ways. Also the second aspect of tegruabl
determinism — that technological change causes social charagebedén
criticized. It is not the new technologies that cause kohenge, but the
way we choose to implement and adopt them. Simply inventing or
introducing new technologies is not sufficient for them to be used:
institutions have a major part in deciding which technologiesadopted
and which are not. The social construction of technology strelees t
importance of institutions and how technological change and intisit
change are interlinked. This implies that similar technologas have
different effects in different situations (MacKenzie and Wajcman 1985)

As the ‘technology-push’ hypothesis can be related to technological
determinism, the ‘demand-pull’ hypothesis may be connected to the
social construction of technology. This hypothesis assumes that techno
logical change is triggered by social needs (Christiansen 200&)rise

of a market for specific technologies may lead to the inimvaand
diffusion of these technologies.

The claims of social construction of technology are followed bers¢v
scholars who stress that the diffusion of technologies depends on-techno
logical factors only to a minor extent (Rohracher 2002, Unruh 2002). The
lack of sufficient institutional change represents agi@ater limitation

for technological change. Over time, technological system®nhec
integrated with society through the adaptation of specifefepences,
expectations and routines (Unruh 2002). Jacobsson and Bergek (2004)
emphasize the importance of the institutional framework for new
technologies to gain ground. If the new technologies and theutistal
framework are conflicting, several functions may be blocked. €3stal
technological change is therefore strongly related to institat change.

For understanding institutions, the definition offered by SA@9%) may

be useful:
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Institutions consist of cognitive, normative, anegulative
structures and activities that provide stabilitydameaning to
social behaviour. Institutions are transported hgious carriers —
cultures, structures and routines — and they opeaitmultiple
levels of jurisdiction (Scott 1995:33)

Institutions may be formal or informal (Foxon 2002). Informal institu-
tions involve the normative and cognitive elements, while regalat
structures can be characterized as formal institutionfstinguish be-
tween formal and informal institutions in the analysis, anddtierl will

be discussed later as a part of the regulative approacheifhéinstitu-
tions’ will from now on be understood to referibbormal institutions.

The normative system includes both values and norms. Whilesvalue
represent the preferred and desirable, norms specify how things leoul
done, and indicate what are seen as legitimate ways of reakhiggdils.
The cognitive stresses the importance of external cultumadeiworks for
shaping subjective beliefs: ‘...the shared conceptions thatitcbmghe
nature of social reality and the frames through which meanintpde’
(Scott 2001:57). Thus, the cognitive encompasses what we noraialy t
for granted, like roles and routines (Scott 2001).

Unruh (2000) stresses the importance of path-dependent increasing
returns to scale. Path dependency can be understood aserdgetting
sequence of events. Out of at least two possibilities, otmakay is
chosen, and this event triggers a move towards a particutarRsitive
feedback mechanisms then reinforce the movement along thigicspec
path (Deeg 2001). According to Liebowitz and Margolis (1995), a path
dependency emerges when alternative technologies are awadadl
would be more efficient in the long term than the technology chdaet

once a technology is chosen, it becomes locked into this path 1 .ths al
relevant actors adjust their strategies to accommodateprihailing
pattern.’” (Thelen 1999:385) Hence, path dependency and technological
trajectories are interlinked and may reinforce each other.eMenyit is

the institutional factors that drive path dependency, not techno-economic
factors in the understanding of technological trajectories usethis
report.

The influence of increasing return to adoption and selectioncamagnt

can also be applied to the relationship between institutional $aatuat
diffusion of technologies. Institutional factors like norms, suppbrsis
linkages and people’s preferences and beliefs also constieugelection
environment. These factors affect the perception of technolagitshe
mechanisms influencing the selection of the technologiésrmational
increasing returnsare one of the sources of increasing returns to adoption
identified by Arthur (1988). Once a technology has been adopted, it
becomes more known and better understood. The use of widespread
technologies is perceived as more safe, so they become newen
attractive.

The selection of technologies has been discussed at length irs sbfidie
competing technologies which reveal that choices among and lbetwee
possible technologies are not obvious. Rosenkopf and Tushman (1994)
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found that the dominant technological outcomes were not determined by
the technical aspect of the technology in question, but werallgoci
constructed and determined by organizational coalitions. Rosenkopf and
Tushman (1994) distinguish between simple and complex technologies.
For simple technologies, the choices between competing designs are
based on measures like price and performance, and the influence of
socioeconomic factors will be minimal. For more complex technetogi
there exist several alternative ways of measuring thenmeahce of the
technology concerned. Social, political and organizational faet@rf
importance since more organizations are involved in the evolution of
complex technologies. According to Rosenkopf and Tushman (1994)
technological change is influenced by both technological detemminis
and social construction of technology. However, the social constnucti

of technology occurs before the emergence of a dominant technology
while technological determinism after the dominant technology hexs be
established.

However, institutional changes are characterized by inentlawill often

not follow the invention and innovation of technology. Continuity is
integrated in institutions: discontinuity and change mean devi&tom

the established, and require new routines and a new agendar(gensth
Mydske 2005). Changing an institution is a gradual and slow process tha
occurs when ‘... a sufficient number of influential members ofespc
recognize or become convinced that continued expansion of a tech-
nological system is no longer tolerable’ (Unruh 2002:322). Changes in
taste are one of the extraordinary events identified by ConarHalten
(1996 in Unruh 2002) that may overcome lock-in. Although this may not
be sufficient for change to happen, it can be a necessary condition
according to Unruh (2002).

In order to assess the institutional approach | will examisstutional
factors and discus§ and how they have affected the diffusion of
technologies and the development of energy performance of buildings.
For the institutional approach to have explanatory power, theuitistial
factors must be shown to have influenced the diffusion of techmeslogi
The institutional factors will be explored through the influenéehe
cultural contexts that shape subjective meaning and intatipretof
objects (Scott 2001). Three institutional factors will belevqa: the
Swedish cultural context, the perception of technologies, and supplie
demander linkages. | will rely on previous studies, policy docunzerds
interviews with relevant actors.

2.3.3 The Regulative Approach

The regulative approach also stresses the influence of ysooret
technological change, and can therefore be seen as a part sufctak
construction of society tradition. However, it is the formal raed laws
which constitute this approach. The regulative approach inclutteggse
the rules: monitoring conformity to them and sanctioning actsvite
manipulate future behaviour through rewards and punishment (Scott
2001). By using a set of techniques and policy instruments, the govern
ment aims at effecting social change. Vedung (1998) arguesifay ais
threefold typology of policy instruments: regulations, economic oreas
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and information, which represent the stick, the carrot and theseHe
claims that all policy instruments can be reduced to these. thrdkis
study, | limit the regulative approach to only the first two: regulations and
economic measures.

The purpose of regulations is to mandate specific behavioural ehang
technological choices. This approach is commonly classifiedither
technology-based or performance-based. An example of the former is
technology standards that require the use of specific productespesc

or procedures, such as standards like ‘best available teckin{Bagr).

The latter involves specifying a certain quantitative pautiimit, but
does not necessitate using any specific technology. The ratitorale
using such policy instruments is the belief that regulation anat@us
standards can lead to the adoption of new technologies, as svell a
increased private investment in research that can lead tonmentions
(Christiansen 2001).

Critics claim that using regulations and setting standartisiati lead to

cost efficiency because it is difficult to set standards W prove
optimal for all. Moreover, if standards are set, there lvélino incentives

to develop technology that moves beyond the current standards.
Christiansen (2001) claims that in such cases standards bwill
‘technology freezing’ rather than ‘technology forcing’. This pesblcan

be eased through additional policy instruments like financial support
research. However, how strict the regulations are will be itapbiffor
technological change. Standards can also create technologicah,lock
making it difficult to upgrade the standards through technological change.

Kemp (2000) claims that for there to be radical technologicadgehdt is
necessary to have stringent regulations like product bans. Regsla
have not as much to offer innovation as the diffusion of technology. For
widespread diffusion, regulation will be necessary according eémpK
(2000), whereas for promoting innovations, a better approach can be the
threat of regulations than actual regulations. Jaffe e28D2) on the
other hand refer to several studies that conclude that econonrig- inst
ments provide greater incentives for adopting new technologies tha
regulations. However, this disagreement implies that the teffethe
policy instruments is likely to change according to the contexttlaad
level at which they are set.

The current trend in Europe is for policy instruments to maoween f
regulations towards economic incentives. Instead of having stprad-
ards, the focus of policy is on economic measures (Christiansen. 2001)
While regulations are mandatory and command a specific behaviour,
economic measures like tradable permits, taxes and subsidiate c
economical incentives for such behaviour. This approach is based on
market economics with confidence in the market mechanism as a
regulatory force. But externalities make it necessamteErvene in the
market and regulate prices to avoid these externalitiesesTand
subsidies are intended to correct the market price to a level that witl res
in an optimal level of externalities, as well as ensuring effstiency.
Firms and individuals will adapt to the new price by reconsigetheir
choices and opting for new, cost-efficient technologies.
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Economic measures provide incentives for firms and indivicioatake
actions that will reduce pollution because it is in their oweradt. At the
same time these actions collectively meet policy goalan@uic
measures may offer incentives to technological change betteuaetors

will try to develop new technologies in order to avoid taxes. In cdritras
regulations, such policy instruments also provide incentivesnfaning
beyond the current environmental standards (Christiansen 2001). Taxes
can be used both to punish undesirable behaviour (like emission taxes)
and to reward desired behaviour (like tax relief). Subsid&sbe both

for investment and for research and development (R&D) (Wang 2004).
By altering prices in favour of certain products or techne®gihese
policy instruments aim to promote environmentally-friendly solutions
(Christiansen 2001).

Policy instruments can lead to lock-in, as they may favour decte
nologies and exclude others. At the same time policy instrsnaémted

at promoting technological change today may become obstacleshto t
nological change in the future. Change in policy instruments may
therefore be a necessary condition for overcoming lock-in, aodeiof

the exogenous forces discussed by Cowan and Hulten (1996 in Unruh
2002).

To assess the regulative approach | will identify relevagulative
factors and discus$ andhow they have affected the diffusion of tech-
nologies and the development of energy performance of buildings. Three
regulative factors will be explored: policy goals, regolasi, and econ-
omic measures. To determine the explanatory power of the regulativ
approach, | will have to show a connection between the regrilfatttors
and diffusion of technologies. For this, | will rely on statiston the
development of the technologies. However, this may not be sufficient
strengthening the regulative approach. Interviews will be irapgrias

the actors involved in the various technologies may offer infoomand
explanations not apparent in statistics.

2.4 Summary of the Analytical Framework

Figure 2.3 maps out the explanatory model for the developmenieody
performance of buildings. However, before applying the explanato
approaches, we must determine how the technologies affect gregrgy
formance. The diffusion of technologies will be analysed andjocased
according to how it affects the energy performance of buildenys
whether it requires changes at the component or the systein Tdis
also allows us to explore the possibilities for improving enegrgr-
formance by system optimization and by regime shifts.

The rest of the analysis will be structured around the eafan
approaches. The techno-economic, institutional and regulative factors
exist and have a mutual influence on the development of energy
performance of buildings. By separating and cultivating the factbe
analysis will provide a clearer, more structured exploratiath@fdriving
forces and barriers to improved energy performance. Howevegothe
existence and mutual influence of the techno-economic, institutomil
regulative factors will also be discussed.
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Figure 2.3: Explanatory model of the development of energy

performance of buildings
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3 Methodology

3.1 Case Study Research

Yin (2003) stresses the importance of the research questions iposed
deciding what methodology to use. When the research questiohsvare
andwhyand the focus is on contemporary events, case studies may be the
preferred methodology. The research questions of this reportreegui
methodology that can allow me to go in depth and study energy use in
buildings in relation to several factors. The objective isnalysehow

the energy performance of buildings has developed between 2000 and
2006 andwhy it has developed in this way. A quantitative methodology
can be used to reveal technological change and how the development of
energy performance has been in the years under study. Howeseroit

the best methodology when the aim is to explore the factorshévat
promoted or prevented improved energy performance of Swedish build-
ings. This requires a methodology that allows us to study and undkrsta
complex phenomena.

One central element in the case-study research desigmaigridagula-

tion. Employing multiple sources of evidence, documents, intervémas
observations, and a mix of quantitative and qualitative datajneiltase
the validity and reliability of the study. This is important fiois report as
I need both to use statistics, interviews, previous studies aiog gocu-

ments in order to answer the research questions.

According to Yin (2003) a case study is especially approprdten
studying contextual conditions ‘..where the boundaries between
phenomenon and context are not clearly evident...” (Yin 2003:13). This is
also the case in the field of energy use in buildings in Swetl&nbt
possible to understand and explain the development of energy
performance here without including this context as an importardrfact
Therefore, the case-study approach would appear to be an appropriate
methodology for this study.

3.2 Research Design

The objective of this report is both to study how the energypaénce

of Swedish buildings developed from 2000 to 2006 and to explore the
driving forces and barriers to improved energy performance.u$beof
statistics on energy use and sale of components is necessarnctode

how energy performance has developed. However, these statetics ¢
help to answer how the energy performance of buildings has degtelope
but not why. To answer the second research question, | havaaniedv

a range of actors involved in the technologies in focus, or in energy use in
buildings in general. These interviews in combination with document
studies are used to analyse how techno-economic, institutional and
regulative factors promote and prevent improved energy perforntdince
buildings.

By studying techno-economic, institutional and regulative faciorghe
three elements of energy performance of buildings, this study at
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exploring a range of complex issues. This involves some methodallogi
challenges in doing a fruitful and in-depth analysis. By choosing only one
of the sub-systems, for instance building techniques or bio-enérgy
could go into greater depth and study the system more thoroughly.
However, in limiting the study to one of the sub-systems, | would lose the
possibility to study the relationship between the various subrsgsded

how they influence the development of energy performance. Such a
limitation would also make it impossible to study the relatigns
between the several elements of energy performance of buijldikgs
substitution from fossil fuels to renewable energy, the cororerfsom
electrical heating to thermal energy and the reduction ofgrdemand.
Focusing on the overall system of technologies enables medy thie
relationship between the technologies and the various elementergf/e
performance. However, the objective of this report is not towerc
causal relationship, but explore driving forces and barriers.

For each of these energy carriers | have gathered infamaliout insti-
tutional, technological and regulative factors that promote and prevent the
use of these technologies. Although studying the technologicahsysste
have to break it down into sub-systems and analyse the development
sub-system level first. Then | can discuss the developmertteosub-
system level in relation to the other sub-systems, the lbgysiem and
improved energy performance of buildings. However, as sevdialafit
sub-systems are included in this analysis, | need to placelsoitagions

on how to study these technologies, to prevent the study from becoming
too large and cumbersome. Since the objective is to explairetietog-

ment of energy performance of buildings, the aim must be to get an
overview of these sub-systems and factors relevant foetimaological
system. In the course of data collection, | several timestbblack and
re-considered the research questions and analytical framewdré,sure

of not losing focus. As noted by Yin (2003), one of the pitfalls of thi
kind of case study is that the researcher may end up focusgeiy eal

the sub-units, failing return to the larger unit of analysis.

3.3 Production of Data
3.3.1 Interviews

| interviewed various actors involved in the field of eryenge in build-
ings, like interest groups promoting the technology, actors working i
governmental authorities and actors involved in R&D and congtruot
buildings. (See Appendix 1 for a complete list of informants.) Byst

ing relevant reports, studies and internet pages | got anieweof the

field and relevant institutions and organizations. The informameie
identified by searching the Internet pages of the relevant aagénis. In
total, 9 interviews were conducted, in Norwegian and in Swedismguri
the period from 23 October to 17 November 2007. Having read through a
large selection of documents in Swedish, | knew the most important
terms which differed in the two languages, and could use theiSwed
term when necessary.

I have chosen to provide anonymity by not referring to the inforntants
name in the text, although they are listed in Appendix 1. The reason f
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anonymity is twofold. Letting the informants know that they viié
anonymous can contribute their speaking more openly during the
interviews. In addition they are not expressing themselves on hafhalf
their organizations, but can reflect more freely on the isdisEsissed
during the interview. As one of the objectives of this repotbireveal
informal institutional factors like values and norms, this aspect
important. However, there are also some implications for the retyabili

the report, and this is discussed in greater detail later.

3.3.2 Statistics

Swedish energy statistics have been an important souticéoahation
for mapping the development of energy performance of buildings from
2000 to 2006. When using statistics it is important to clarify wvimea-
surements have been used. For measuring the substitution bfdekssi
by renewable energy, | have calculated the share of renevaiesf
fossil fuels in district heating and electricity production, andreanzed
this with the other renewable and fossil energy carr{&ese Appendix 3
for calculations.) The conversion from electrical heating tantaé
energy has been measured in terms of changes in the sharetrdatle
heating out of total energy use. As noted earlier, is it nesipke to
measure energy demand on an aggregate level, so | have ohagan t
statistics on energy delivered instead. (See Appendices 4 and 5.)

The main focus is not changes in absolute figures, but as sifaal
energy used for heating. Thus, there may be a decrease in lig-ene
aggregate level, but when seen as a share of total energy usedtifuy,he
there can have been a small increase. This is due to theasgedn total
energy used for heating. As the focus of this report is osuhstitution
conversiorandreductionof energy, this will give a better understanding.

3.3.3 Document Studies

I have studied relevant reports and previous studies. Such docunrentatio
has been important for providing an overall view of the field rwhe
defining the research questions, and later as an important sdutaéa

for outlining the development of the energy performance of mg#li

The use of documents and of interviews in this study have complemented
each other, and have been used for data triangulation to ensure validity.

3.4 Reliability, Validity and Generalization

One of the main challenges when conducting a case study concerns
reliability. If another researcher is doing a similar stadg following the
same procedures, she or he should ideally also arrive at thdisdimgs

and conclusions. According to Yin (2003), one way of ensuring reliability
is to detail how the study has been conducted and document all
procedures. By explaining the report research design and the production
of data, | have tried to ensure the reliability of the repooweler, by
protecting personal integrity and not making the transcribed iatesv
available to other researchers or revealing the nameéstesiiewees,
reliability is weakened. But | consider the confidentialiof my
informants and the possibility for thereby obtaining better datanore
important.
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Validity concerns whether the researcher really measunes lve or she
intends to measure. The operationalizations of the researctiogsesre
important for collecting the data and for ensuring that the data are the best
for measuring the types of changes that are studied. This has bee
integrated in my analytical framework. Another important isssie
whether the data themselves are reliable. This can be iegpiny using
multiple sources of evidence and by double-checking information (Yin
2003). One weakness of the validity of this study is that themois
accurate measure of energy demand on the aggregate levedvétow
instead of changing the operationalization of energy performarmael
chosen to use the most appropriate data available: statstienergy
delivered.

One criticism against case studies is that it is notilpless generalize
from a single case, so case studies cannot contribute to ifecient
development (Flyvbjerg 2004). However, there are various different
forms of generalization which can be used under different citaunoess.
Generalization is often thought of agtistical generalization, known
from natural sciences and quantitative methods. By using a random
sample of units, the conclusions of a study can be generalizedtdo un
that were not a part of the original study. With case studresshould
bear in mind that they are not generalizable to populationgo ttheory.

By using previously developed theory as a template and compiaring
with the empirical results of the case study, the reseanchgmundertake
an analytical generalization (Yin 2003). According to Kvale (1997),
analytical generalization is a contemplated evaluation ofddgree to
which the findings of a study may be used as guidelines for vdrat
happen in a similar situation. The claims of generalizatiomased on a
specification of the evidence, and the arguments must be exphet
purpose of analytical generalization is to test existing thandyassess
whether the theory can explain the empirical findings. If tinelifigs
confirm the theory, then it will be strengthened. If, however, itigirfgs
deviate from the theory, then the researcher can offer propositions
further theory development (Yin 2003).
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4  Empirical Mapping

This chapter maps out the empirical material which wél used as a
basis for the analyses of the next chapters. First | digtessarious
heating systems and the energy technologies explored in ubis gthe

next section presents the development of energy performance of buildings
in Sweden 2000-2006, using the threefold understanding of energy per-
formance presented in chapter two. The next three parts exglere
empirical findings and relate them to techno-economic, institatiand
regulative factors.

4.1 Heating Systems

Two different heating systems are used in existing buildingsnieden:
the waterborne heating system and direct electrical hedtmegyformer
type is clearly the most common heating system in Sweden.today
waterborne heating system, hot water is distributed arountuitging
through radiators, or water pipes in the floor. A range of gner
technologies may be used for heating the water: electricalrfolieat
pumps, solar collectors and oil boilers. The advantage of this\peats-
tem is its flexibility, due to the possibilities for substitutinghteologies.

In a direct electrical heating system, electricity @erted into heat
using panel heaters or electrical floor heating. The use ofattex is
growing rapidly (20-30% per year). However, most of the etadtfioor
heating is installed for reasons of comfort, and is applied iniaddi
other heating technologies (National Board of Housing, Building and
Planning 2003b:36). Air-to-air heat pumps are also classifiedrest d
electrical heating in Swedish energy statistics. Suctoair heat pumps
cannot cover the entire heating demand of a building, and additional
energy is needed. At the same time the heat energy is nabudisdr
through a waterborne heating system, but directly into the roond{Swe
Energy Agency and SCB 2007b: 34). The use of direct electricahfea

is very low in multi-family structures (2%), higher in nmsidential
buildings (15%) and most in one- and two-family houses (19%) (National
Board of Housing, Building and Planning 2003b:10).

During the 1990s the passive house concept was introduced by the
Passivhaus Institut in Germany. Due to the employment of special
building techniques, passive houses will not need either of thendpea
systems discussed above. Such houses are constructed according to
specific principles for reducing the demand for energy, throughuresas

like special windows, thicker insulation, extracting passiver sa@rgy

and minimizing thermal bridges. These measures reduce the need for
delivered energy to a minimum. The requirement for clasdifin as a
‘passive house’ is that the energy demand for heating shadixoeed 15
kWh/nf/year. Because of the air-tightness, a ventilation system i
required. Heat from the exhausted air is recovered using &maiirheat
exchanger, which will be sufficient to heat the building (Pastus
Institut 2006).
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4.2 Energy Technologies

Various renewable energy resources can be used for heabingdifigs:

solar energy, water, biomass and surrounding energy. The emengy f
some of these resources must be transformed into other dbremergy

in order to be useful. Energy carriers such as electripiilets or hot
water may be used to transport the energy to the end-user.eSelay

can be converted to energy carriers like electricity &ednial energy,

and biomass to, e.g., pellets (Energifakta 2008). This sectibrionils

on energy technologies that transform energy into thermal energy that can
be used in waterborne heating systems.

4.2.1 Solar Collectors

Solar collectors transform solar radiation into thermal gnarngl transfer
the heat to a medium, often water. Solar collectors are codntxrta
storage tank and a distribution system, and may provide heat donergy
hot water and heating (Boligministeriet 1998). Compared to solks, cel
solar collectors have the advantage of making use of diffus#dition,
not just direct radiation as in the case of solar céley are effective
also on cloudy days and have higher energy-conversion efficiency than
solar cells. However, solar collectors produce most energy dtiimg
summer, when the need for heating is lowest. In Sweden, solar adlect
have to be supplemented with other energy carriers during ititerw
(Energy Markets Inspectorate 2007).

4.2.2 Bio-energy

Bio-energy is energy extracted from biomass. There are aleseb-
groups of bio-energy and for heating of buildings: wood fuels are the
most common, but also oil or gas produced from biomass may be used.
Bio-energy for heating can be separated between central heatthg
point heating. Central heating systems require a pellets baiidr
waterborne heating systems, while point heating may invohrelsilone
stoves that provide space heating for a room (Nobio 2008). Pedle¢s
several advantages compared to firewood: they deliver moreyeperg
volume unit, can be easily transported and stored, and can alsedo@ us
automatic boilers (Skagestad 2005). Statistics do not distinguish among
the various forms of bio-energy or point and central heating,| $begle

will be included in the figures for use of bio-energy. In addition; bio
energy is used in district heating systems.

4.2.3 Heat Pumps

Heat pumps extract the heat from the surroundings (air, watgound),

and transfer it via a fluid to the building. However, electricity is ndéde
transport the heat and drive the heat pump. For 1 kW input, approxi-
mately 3 kW of heat output is gained, depending on local conditiods

the type of heat pump (Nowacki 2006). Various kinds of heat pumps are
available on the market: air-to-air, air-to-water, exhasto-water and
ground/water/rock- to-water. Except for the air-to-air haainps, these
require a waterborne heating system. Most heat pumps canrestthev
entire heating demand of a building and additional energy is debde
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the degree of energy supply differs from one type to another. tintlac
most expensive rock-heat pumps can cover the entire heating demand of a
building (interview PR).

4.2.4 District Heating Systems

In district heating systems, energy production is moved from titetirigu

to a central plant where thermal energy is produced by thbusgiion of

e.g. biomass or waste materials. Hot water is transpoxted tfiis plant

to buildings through a system of well-insulated pipes, and then distributed
around the building by a waterborne heating system (SwedislicDist
Heating Association 2008). Buildings connected to district heating
systems may get their entire heating demand covered byngrigye Due

to the high costs of the district heating net, it is most-efficient to
connect buildings located close to the central plant or theirexiset.
Having many buildings connected at the same time and in the s@a

is also important for reducing costs (Persson and Sernhed 2004).

The energy input in district heating systems has changed ovgedhs,

with the fossil share decreasing and the renewable shareasimg.
Between 2000 and 2006, the fossil share was reduced from 18 to 16%,
while the renewable share increased from 74 to 79% of energy input
(Swedish Energy Agency 2007b: 24-25).

4.2.5 Waterborne Electrical Heating

Electricity can be used for heating in two different walisect electrical
heating as discussed above, and waterborne electrical heatinkgti€he
uses electrical boilers to heat water that is distributtea waterborne
heating system. Air/exhaust air-to-water heat pumps areifddsss
waterborne electrical heating in energy statistics, as ehergy is
distributed in a waterborne heating system. Such a system aaveot

the heating demand of a building alone. (Swedish Energy Agency and
SCB 2007b:34)

4.3 Development of Energy Performance of Buildings, 2000—
2006

4.3.1 Substitution from Fossil Fuels to Renewable Energy

There has been a significant substitution of fossil fuath renewable
energy between 2000 and 2006: fossil share of total energy used fo
heating decreased from 32% in 2000 to 19% in 2006, while the renewable
share increased from 56% to 67% (Swedish Energy Agency and SCB
2003a:2, 2007a:2).|n terms of absolute figures, the decrease in fossil
fuels has been significantly higher than the increase in usmefvable
energy. This implies that although some of the decrease in fodsihfae

been taken by renewable energy, some is due to reduced demand for
heating, and some to an increase of nuclear power.

! See the calculations in Appendix 2
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The reduced use of fossil fuels is due mainly to the signifieghiction

in the use of oil for heatingln 2000 oil accounted for 22% of the energy
used to heat buildings, whereas by 2006 this share had fallen {(&866.
Figure 4.1 The decrease is least for multi-family structures andt mos
for one- and two-family houses. However, it is one- and twolfami
houses that are the major users of oil, and despite the decreageetiub t
building consumed more oil in 2006 than the two other building types
together (Swedish Energy Agency and SCB 2003a:2, 2007a:2). No build-
ings constructed after 2000 use oil as a heating source, however. Oil
boilers have been replaced by other technologies; according to one
interviewee, heat pumps and pellets are most employed instead of oil.

The use of bio-energy in absolute figures has shown a smalbdecimut
when seen in relation to the total energy use it has irentdts share by

1% (Swedish Energy Agency and SCB 2003a:2 and 2006a:2). Almost all
the use of bio-energy is in one- and two-family houses (93%00%)2
However, bio-energy is also used indirectly in multi-family structures and
non-residential buildings, through district heating

The sale of heat pumps has increased greatly — almost 400%ebetwe
2000 and 2006 The most significant increase has been for air-to-air hea
pumps. In 2000 the sale of air-to-air heat pumps represented only 8% of
total sales of heat pumps; by 2006 this share had risen to 41%dliexcee

the sales of rock/ground/water heat pumps, which had predominated in
2000 (Swedish Heat Pump Association 2007). One- and two-family
houses are the major users of heat pumps: by 2006, 97% of the heat
pumps were in this type of building (Swedish Energy Agency and SCB
2007a:10). However, also heat pumps are used indirectly through district
heating (Swedish Energy Agency 2007a:25).

District heating increased its share of total energy usebefating from

43% to 53% during the period under study (Swedish Energy Agency and
SCB 2002:2, 2007a:2). One- and two-family houses are responsible for
most of this increase, as district heating has almost doubletiate of

total energy used for heating for this type of building. Desitis
increase, almost 90% of the district heating in the buildintpséx still

used by multi-family structures and non-residential buildings. Themrr
trend is for existing buildings to be connected to distrezting system,

and very few new one- and two-family houses (interview MG).

2 The use of natural gas has remained relativelgtamh during the period, and
represents only 1% of the energy used to heat ibgddin Sweden (Swedish
Energy Agency and SCB 2003a:2 and 2007a:2)

% The use of oil in district heating and electriciyoduction is not included in
these figures

* The figures may even be larger, as not all sadeblean reported to the Swedish
Heat Pump Association
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Figure 4.1: Energy use in Swedish buildings, by energy carrier and
type of building, 2000-2006

One- and two - Multi -family Non-residen tial
family houses houses buildings Total
100 %
80 % -
60 %
40 %
20 %
0%
2000 2006 2000 2006 2000 2006 2000 2006
o District heating m Bio energy m Oil m Natural gas m Electrical heating

Sales of solar collectors increased by 82% between 2000 and 2006
(Ministry of Enterprise, Energy and Communications 2007). However,
solar collectors are still not diffused on a wide scaleapdnly a minor
contributor to covering the total energy demand for heating. maie
market for solar collectors is one- and two-family houses (intervigv L

CGO, emissions can serve as an indicator of the substitution fossil f
fuels to renewable energy sources in the building sector. From 2000 t
2005, CQ emissions from the building and service sector fell by 38%
(Swedish Energy Agency 2007a:6—7; figures are available only until
2005).

4.3.2 Conversion from Electrical Heating to Thermal Energy

The use of electricity for heating has risen from 23 to 26%® total
energy used for heatirigAlso for electrical heating we find significant
differences between the building types. Both in 2000 and in 2006, one-
and two-family houses used considerably more electrical heatindhtba

two other types. The increase in use of electricity for hedias)also
been largest for this type of building — from 37% in 2000 to 47%hef
total energy used for heating in 2006 (Swedish Energy Agenc$@id

® The use of electricity in district heating prodaatis not included in these
figures
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2003a:7, 2007a:7). For non-residential buildings, electrical heating has
had only a small increase while there has been a slight dedozasulti-
family structures. (See Figure 4.1.)

The use of electricity for heating can be separated into datectrical
heating and waterborne electrical heating. In one- and two-fédnoilges,
direct electrical heating is most common when electrigtythie sole
source of heating, but not when electricity is used in combinatitm wi
other sources (Swedish Energy Agency and SCB 2007b:3, 2003b:5).
While the number of one- and two-family houses relying solely on
electrical heating has decreased during the period, the number eShous
using electricity in combination with other energy carriersiheseased.
This is due to the rise in the number of houses using bioyeiem-
bination with electricity (both direct electrical heatingdawaterborne
electrical heating).

88% of new one- and two-family houses have electrical heating3%nd

of this is direct electrical heating. Between 1% and 3% ofidt®in new
multi-family structures have direct electrical heatiagd 3-5% have
waterborne electrical heating (National Board of Housing, Bugldind
Planning 2003b:10). About 7% of the heated floor area in non-residential
buildings built after 2000 is heated by electrical heating (i&stheEnergy
Agency and SCB 2007d:18).

4.3.3 Reduction in Energy Demdnd

The energy used to heat buildings has been reduced by 12% (Swedish
Energy Agency and SCB 2003a:7, 2007a:7). Also here there are differ-
ences as to the types of building, with the decrease in energyasgest

for one- and two-family houses (19%) and non-residential buildings
(11%), whereas the energy used for heating multi-family strestbas

been reduced by only 3%.

However, energy use must be studied in relation to the areadhdat
2000, average energy use for heating and hot water per heatetaarea
153 kWh/nf/year, while in 2006 the corresponding figure was 137
kwh/mélyear (Swedish Energy Agency and SCB 2007a:16-18, 2006:17,
2005:17, 2002:17). This decrease is due mainly to the reduction in energy
use in one- and two-/ family houses — a 20% decrease in KihAN
during the period. Non-residential buildings have shown only a minor
decrease, and energy use in multi-family structures haamethconstant
throughout the period.

For residential buildings it can also be relevant to inga# energy use
per dwelling. Here the picture changes dramatically: one-vaodamily
houses used 33% more energy than multi-family structures in 2006,
because the heated area in the former type almost was the tiatbié

the heated area in the latter tfp®n the other hand, examining the

® The statistics for non-residential buildings aot detailed enough to categorize
between direct electrical heating and waterboraetgtal heating.

! Energy demand is calculated by using data fovdedd energy

8 As household size in one- and two-family housdariger than in multi-family
structures, energy use per person is lower in ané-two-family houses
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development from 2000 to 2006, we find that one- and two-family houses
have shown the greatest improvement.

The differences between building types is less for new Ingjddibut also
for new buildings one- and two-family houses use least energy aitid m
family structures the most.

It is difficult to measure the diffusion of technologies thay reduce
energy demand, like insulation, the use of energy-efficient windaw

the exploitation of passive solar energy. | will insteadifoon ‘passive
houses’. In 2001 the first passive houses were built in Sweden, and by
2006 the number was 64 (Forum for energieffektiva byggnader 2007).

4.3.4 Summary of the Development of Energy Performance, 2000— 2006

Table 4.1 summarizes the development of energy performancey dioei
period under study. We see there has been a substitution frahidelss

to renewable energy for all building types, and both existing and new
ones. This is due mainly to the significant reduction in the use édroil
heating, and the increase in renewable energy technologiediditkit
heating, heat pumps and bio-energy. For the conversion from electrical
heating to thermal energy, the opposite applies: figures tpeggte use

of electrical heating show an increase during the period. Wien
examine the figures for the different building types, the piajets more
complex. There has been some conversion for existing multi-family
structures, while existing one- and two-family houses and nodersl
buildings have experienced an increase in electrical heatiisg. Wdw

one- and two-family houses use more electrical heating. AseBgiar
energy demand are not available, statistics for energy useatd area
have been used instead. They show a reduction in energy use per heated
area for all buildings, except for existing multi-family stuwrets, where
energy use has remained constant.

New buildings may be an indication of the current trends and how
technologies are perceived. Unfortunately, the statisticsdarbuildings

are limited, but some general conclusions may be drawn by studyi
differences between buildings built after 2000 and the existing
buildings!® Almost all heating systems are waterborne, even though there
still is some use of direct electrical heating, especiallgne- and two-
family houses. As explained, waterborne heating systems allow flexibility
and the use of all the various energy carriers. Oil has beepletely
phased out as an energy carrier in new buildih@n the other hand, a
very high proportion of the new one- and two-family houses have
electrical heating. Energy use per kwhiear is quite similar for the
three types of buildings, and lower than for the existing buildifibs
indicates the use of more energy-efficient building techniquesciedipe

° See figures in Appendix 6

1 The energy use of existing buildings is definedttzs energy use for all
buildings in 2006

1 Almost no new buildings have had oil-based heasggtems since 1970
(Swedish Energy Agency and SCB 2007a)
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for multi-family structures and non-residential houses, energyisise
substantially lower for new buildings than for existing ones.

Table 4.1: Development of energy performance of buildings, 2000—

2006°

Substitution of fossil fuels
with renewable energy

Conversion from
electrical heating to
thermal energy

Reduction in
energy demand

buildings

electricity

One-and two-family Yes No, increased use of Yes
houses electricity
(%]
(@]
=
S | Multi-family Yes Yes Yes
3 | structures
=
[
Z . .
Non-residential Yes Yes Yes
buildings
One-and two-family Yes No, increased use of Yes
" houses electricity
(@]
=
i)
'g Multi-family Yes Yes Constant
o | structures
£
7
x . . .
W | Non-residential Yes No, increased use of Yes

4.4 Techno-economic Factors

4.4.1 The Technological Context

Choices that affect the energy performance of buildings &es tauring

the design and construction of a building. Due to the long lifetime of
buildings in Sweden, many of these choices were been taken long before
the period of this study. The technological context is thus theriakga-

tion of previous technological choices that affect the poggksilfor
improving the energy performance of buildings today. Due to low con-
struction rates, replacing the building stock is a véow $rocess. More

than 90% of the buildings that will exist in 50 years haveaaly been

built (Ministry of Sustainable Development 2005:39).

In 1970, oil was the major energy carrier in the residentialsandce
sector, representing 72% of the energy'dSince then, the use of oil for
heating has decreased significantly and almost been phased @aw in n

2 The energy performance of new buildings is defiasd'improved’ if they
have achieved better results than the figureslfinugdings in 2006.
13 The figures in this section are based on totat@neise in the sectors, as
statistics do not make further distinctions (al$eckicity for household and

common purposes)
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buildings (Energy Market Inspectorate 2006), replaced mainly byatlistr
heating, bio-energy and electrical heating. In 2006 the use obwil f
heating had been reduced to 10% of total energy use (SwedishyEnerg
Agency 2007a:12— 13). Table 4.2 gives an overview of the development
in energy use.

Especially the expansion of district heating systems has bergnina-
portant for replacing oil (Ministry of Sustainable Development 2005:18
Sweden’s district heating program started in 1948, and has expanded
continuously since. However, in 1970 oil accounted for 98% of the
energy input in district heating systems. The substitution ofggrear-

riers in district heating has therefore been very importantefducing the

use of fossil fuels. In 2006 the fossil share in district hegihogluction

was only 16% of total energy inptitHowever, to make district heating
systems more effective, the construction of combined heat andrpow
plants has attracted considerable attention today.

Also the use of electrical heating has increased signtficaince 1970.

This has been possible because of Sweden’s nuclear powearprtigat
started in the early 1970s. From 1970 until 1986, electricity production
doubled (Swedish Energy Agency 2007a:20— 21). This led to greater use
of electricity for heating, and during the 1970s and 80s the tendency was
for new buildings to have had electrical heating (interview .KDIject
electrical heating dominated during the 1970s, while exhaust air heat
pumps (classified as waterborne electrical heating) have loeeman in

new one- and two-family houses since the 1980s (Swedish Energy
Agency and SCB 2007b:9). While only 7% of residential buildings in
Sweden had electrical heating as a main heating source in t#¥3,
proportion had risen to 26% by 1998 (Unander et al. 2004:1397). Most of
this was direct electrical heating (interview). Today hydrogoand
nuclear power are the major producers of electricity in Sweden, but 5% of
the energy input in electricity production came from fossilsiiel2006.

The share of renewables decreased from 59% to 52% between 2000 and
2006.

Total energy use has decreased from 1970 until today, despite a 30%
increase in total heated floor area (Johansson et al. 2006)isTdhg to
energy-efficiency measures that have compensated for laryey drea,

and an increase in the building stock. However, efficiency impnems
stagnated during the 1980s (N&ssen and Holmberg 2005).

Because of the changeover from oil heating to renewable energrea
there has also been a decrease in climate gas emissiondhérdamilding

and service sector. Between 1990 and 2005 the decrease was 54%
(Swedish Energy Agency 2007a:6). While 20% of the total, CO
emissions came from this sector in 1990, this share had beearedeitu

10% by 2005 (Swedish Energy Agency 2007a:6— 7).

14 See Appendix 2 for calculations
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Table 4.2: Final energy use within residential and service sectetc

1970- 2005

1970| 1980| 1990| 2000| 2006
Qil products 118.6| 87.3 41.1 30.0 14.9
Electricity 21.9 43.0 65.0 69.0 72.2
District heating 121 247 30.7| 37.3| 420
Bio-fuels, peat etc. 12.1 9.8 11.2 10.3| 13.9
Other fuels - - 1.8 1.9 2.4
Total TWh 164.8| 164.8| 149.8| 148.5| 145.3
Total TWh, temperature regulated 157.8] 161.2| 162.4| 160.9] 150.5

Source: Swedish Energy Agency 2007a:12— 13)
4.4.2 Prices on Energy Carriers and Technologies

Prices on energy carriers and technologies may have a cignifi
influence on the choice of energy carrier for heating buildihgshe
price is very very important’ (interview). There are grdidferences in
prices among the various energy carrférgr 2000 electricity was the
most expensive, followed by oil, while the cheapest alternatiss
pellets. Prices for all heating carriers increased 2200 to 2006, but
with some significant differences. The prices of fossil Sublave
increased most, due to the rise in prices of crude oil andahg@as and
increased CQ taxes (Energy Markets Inspectorate 2007*19AIso
electricity prices have increased significantly, while distheating has
experienced the lowest increase. However, local prices fimictiseating
differ significantly. A price increase may be explained by tise mn
prices of electricity and oil, which have made higher pricesiples
without losing competitive power. Also in 2006 electricity was st
expensive and pellets the cheapest alternative (Energy ddnispector-
ate 2007). However, this may change:

The prices of bio-energy will increase. Usually thmre you

produce, the cheaper it gets. But it is not likis flor bio-energy.

First you take the leftover products and when la#i bark and
chips are gone you take the next assortment andekeassort-
ment. And the more you increase, the more diffithét assortment
gets, and the prices go up. (interview)

15 prices in this section are calculated for a typarze- and two-family house,
except for district heating which is for a smallaulti-family house (Energy
Markets Inspectorate 2007:19)

8 From 1997 until 2007 the price of crude oil in@ed by 113% and Gdaxes
by 135%.
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When substituting from one technology to another, the investmerst cost
may be of great significance. Investment costs for th@ws technolo-
gies have been calculated by the Energy Markets Inspéetfor one-
and two-family houses and multi-family structures. Electrimzlers are

the cheapest, followed by district heating, while rock-heating gusnge

the most expensive (Energy Markets Inspectorate 2007:72).

When energy prices, investment, operation and maintenance costs are
added up, bio-energy (pellets) emerges as the cheapest heatingtiaie

for multi-family structures, followed by the rock-heat pump andridts
heating as third. Electrical and oil boilers are the magbensive
alternatives. However, prices differ from one municipalitganother, and
district heating may be the cheapest alternative some pleEtedigures
also differ for one- and two-family houses, but on average thapeke
alternative is pellets, closely followed by district heatangd then the
rock-heat pump. Also in one- and two-family houses, electrical and oll
boilers are the most expensive alternatives (Energy Malhkspectorate
2007). However, for buildings that do not have waterborne heating
systems, installation costs will come in addition to the co$tshe
technology"’

4.5 |Institutional Factors
4.5.1 The Swedish Cultural Context

The motivations for energy efficiency and reducing the use efl foels
have changed over the years:

Sweden has had different political directions awer years. In the
70s we got nuclear power and this led to a surpledectricity so
the government goal was that many should instadictlielectrical
heating. But then they wanted to slowly shut doWwa tuclear
power plants and then the electricity prices rosed then the
government wanted to do something else. It varlesha time.

(interview)

The oil crises of 1973/74 led to important changes in Swedishyenerg
policy. Because of the country’s high dependency on oil at tive, ti
main goals were to improve energy efficiency, change fromoailther
energy carriers and increase domestic energy production. ‘lmeas
that we wanted to get rid of the dependence on the oil prame ttre
dependence on oil', as one interviewee put it.

By 1970 Sweden had exploited most of its hydropower potential, and
nuclear power was seen as the solution for increasing domestigye
production (Unander et al. 2004). Sweden had a rapid expansion of
nuclear power during the 1970s, but after the Three Mile Island atcide

in 1979 in the USA, this policy was modified. In 1980 a referendave

the result that nuclear power should be shut down by the year 2010 and
no additional plants were allowed to be built in Sweden (Lofeadt).

Y The Swedish Energy Agency has calculated the tmesst to be 40,000 SEK
(Ministry of Sustainable Development 2005b:5)
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With nuclear power no longer a solution to the energy crisis, tihes

of energy production had to be strengthened. The energy produced by
nuclear plants would have to be replaced by other energy saraied

this led to a greater focus on renewable energy. This decistbriha
uncertainties surrounding alternative energy resources edstol more
emphasis on energy efficiency (Unander et al. 2004).

However, during the 1990s Sweden’s nuclear power policy was modified.
The 2010 target was abandoned in 1997, mainly because of rising
electricity prices and pressure from the industry (Wang 2004). & dat
two nuclear power reactors have been shut down: Barsebdck 999

and Barseback 2 in 2005 (Vattenfall 2007). The nuclear debait anst
important political issue in Sweden, and has not yet beendsésie
Dagens Neeringsli23 October 2007). Helby (1998) claims that without
the decommissioning of nuclear power there will be no need farge-
scale substitution to renewable energy resources. Therefoegvable
energy policies will depend heavily on the situation regardingear
power.

While the oil crises and later the phase-out of nuclear powekechdhe

start of the emphasis on energy efficiency and renewaklggrclimate
policy has become increasingly important in recent years. @uhaeout
climate warming have attracted considerable attention, botbngm
building companies and consumers (interviews). Sweden is atpdtig
Kyoto agreement, and, according to EU burden-sharing, Sweden is
allowed to increase its greenhouse emissions by 4%. In fact, however
national target is a 4%eductionin greenhouse gases, and this target has
already been fulfiled — even exceeded. By 2006, greenhouse gas
emissions had been reduced by nearly 9% compared to 1990 (Swedish
Environmental Protection Agency 2007).

The concern for global warming has led to greater attention to renewables
and to energy-efficient technologies. However, technologieshsti to

be cost-effective if they are to be used, and economic considerafioas
primacy. ‘You can talk about climate and environment and high supply
security, but what matters is the price’, as one intengemated. Others
gave greater credit to the concern for global warming: ti#dl discussion
about global warming and how energy use affects the global elinzest

the most influence.’

4.5.2 Values and Preferences among Building Companies and
Consumers

The previous section discussed how values and motivations foryenerg
policy have changed over the years. However, it is also impatidant
explore preferences and perceptions among the building compadies an
the consumers. Building companies have traditionally shown véley lit
concern about the energy performance of buildings. The Swedish
Construction Federation held a survey some years ago, askinghdmi

bers to identify the most important environmental issue: v@ny dhose
energy. In 2004 they tried to get attention among their members for
energy issues, ‘...but there was no interest at all’, reportedintee
viewee. However, this changed during 2006 due to the increased attention
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directed at climate change. It is mostly the big building congzathat
have started to focus on energy and climate, while the snoalésr are

still mainly occupied with price considerations. According toesal
interviewees, the demand for new buildings is high and this leddsso
attention to energy performance from the building companies -the
buildings will be sold anyway.

Some technologies have gained less support than others among building
companies. ‘There is scepticism towards passive housedy.tdibky

don't believe in it, but think that people get sick.” (intewje However,
several elements in passive houses, like thicker insulatioreeidyy-
efficient windows, are perceived as positive. And at least loousing
company has decided that all renovations are to be done with the
objective of achieving passive house standard in their mulilyfam
structures (interview).

There are housing companies that are going to ega@wverything
to passive house standard; they obviously haveggras a very
important focus. It is their duty and obligationdontribute in this
way. Others say that if it gets cheaper they caiit,dout take no
initiative on their own. (interview)

The time perspective is important for carrying out measuras will
improve the energy performance of buildings, as investments mayahav
long payback time. This is a problem, since building companies operate
with a very short time-perspective (interview). Howewre building
companies want a common standard and method for calculating the
lifetime costs of a building. Today everybody does their own cationis

and it is difficult to compare, for example, during a round of bidding
tenders.

The time-perspective is also important for tenants and the posstititie
implementing measures to improve energy performance in remel
lings. About half of Sweden’s residential buildings are rentedlishgs
(interview). A long time-perspective is necessary for unéentg
measures to improve energy performance, but it is a challengm/¢o

the costs without raising the rent too much. And, as one interviewee
pointed out, how shall the tenants take long-term responsilidity
improving the energy performance of buildings while they hdweet
months’ notice?

The demanders, like the municipalities and private companies,tbave
require buildings with better energy performance (interviéjs is not

the case today. Especially for non-residential buildings, energptis
considered important at all. Energy has been too cheap, and other issue
have been seen as more important, according to several of the
interviewees. An important challenge is thus to increase tmauak® for
buildings with good energy performance. Today this is not an imyorta
issue when buying and renting buildings, it was stressed.
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4.5.3 Marginal power production

The evaluation of the environmental effects of electripityduction may
affect perceptions of when and how to use electricity and othegyener
carriers. The understanding and definitiom@drginal power production
has dominated the Swedish debate (interviews). ‘Marginal power
production’ is the electricity production that may disappear asuat ref

a reduction in energy use, or the opposite: the amount of elsctricit
production that can occur as a result of an increase in enegyy us
(Swedish Energy Agency 2002).

The discussion about marginal power production in Sweden concerns
how such power is produced. Some claim that it is imported eigctric
from coal-fired power plants, others that it is domesticaligdpced
electricity from nuclear plants or hydropower. This leads tothemo
important issue: perceptions of nuclear power. Nuclear power ddes no
lead to climate gas emissions and is therefore by some ecedidn
acceptable way of producing electricity. On the other handyotiad

that nuclear power is not an environmentally-friendly way ofdpcing
electricity and should be phased out (interviews).

One issue in the discussion about marginal power productioheis t
setting of system borders. The Swedish Energy Agency has ddfireed
possible system borders: Sweden, the Nordic countries and EU. Sweden
as a system border may be a fruitful choice if the objeds to study the
impacts of a measure on the Swedish emission statistivge\t¢r, there

is no short-term marginal electricity production for this sysberder, as
marginal power production currently takes place in Denmaffkirdand.
Because of the deregulation of the power market there sased cross-
border trade of electricity between the Nordic countries. Thay
indicate that the Nordic countries border is more suitableeifaim is to
study how the electrical system works in practice. Connections
Germany, Poland and Russia are not included in this delimitation, which
might make the EU system border a better choice. For both draicN
countries and the EU system border, short-term marginal power
production is coal-based condensation (Swedish Energy Agency 2006c).

Another important discussion is whether marginal power production
should be used as a measure for evaluating the environment#s effec
increased electricity use. A report from the Swedish Energgnéyg
(2006¢c) recommended that evaluating the environmental effects of
electricity should be calculated by marginal power production. This led to
many protests, from among others the Swedish heat-pump associat
(Energi & miljé 2007), and in 2007 the Swedish Energy Agency removed
this recommendation from their webpage. They are currentlyimgpdn

a report that will “...have a more clear application areagingl a more
nuanced picture’ (Swedish Energy Agency 2007).

Marginal power production is also linked to the weighting of gnerg
carriers. This factor is to be individual for the various ensmyces, and
should mirror the actual environmental effects and conversionslosse
from production to final energy use (Ministry of Sustainable dbmw
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ment 2005a). This permits summarizing the various energy arrier
(Kjellsson 2006) and will be used for evaluating the degree of goal
attainment. This work is not finished yet, but is expected to bansid-
erable effect. If electricity gets a high weighting facttiren reduced
electrical heating will be emphasized, while a low factor @anéan that
electrical heating will not be the main focus (interviews).

4.6 Regulative factors
4.6.1 ‘A good built environment’

Energy efficiency and reduced use of fossil fuels in thedimgl sector
have been important policy goals over the years. However, these
objectives have been revised several times, also duringetie of this
study. A ‘good built environment’ was one of 15 environmental objec-
tives adopted by the Swedish parliament in 1998. The interim target
‘energy use in buildings’ was revised in 2001:

The environmental impact of energy use in resié¢r@nd com-
mercial buildings will decrease and be lower in @@an in 1995.
This will be achieved, inter alia, by improving teéficiency of
and eventually reducing energy use. (Ministry @& Environment
2001b:59)

This goal was later reformulated and strengthened in a new proposi
from 2006 where the objective from 2001 was put in terms of accurate
measures. By 2020, total energy use per heated area shalubeddy
20% from 1995 until 2020, and by 50% by the year 2050. By 2020 the
dependency on fossil fuels in the building sector is to be brokeie wh
the share of renewables is to keep increasing (Ministr$gusdtainable
Development 2006:20).

An evaluation of the goals in 2007 stated that the development
was leading towards attainment of the previous goals sedGh, dut it
was less certain whether the tendency was strong enough tothmeeet
new, more demanding goals (National Board of Housing, Building and
Planning 2007).

Conversion from electrical heating to thermal energy is not
included in the policy goals or discussed in the reportuatia these
goals and goal achievement (National Board of Housing, Building and
Planning 2003a, 2007). However, according to several interviethiées,
has remained an important objective over the years.

4.6.2 Building regulations

Building regulations may be an effective policy instrumentrémtucing
energy demand. Sweden’s building regulations were first introduced i
1942, but have been revised several times since, most recently6inr200
that latest revision, the focus changed from primarily regt8pecific
building requirements like non-leakage and insulation, to setting
requirements for maximum energy use, defined as energy deliver
(interviews; National Board of Housing, Building and Planning 2006).
The building regulations set a limit for maximum use of epelmt
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emplace no requirements as to the choice of heating systemergy
carrier. However, for one- and two-family houses that havectdire
electrical heating as their main heating source, theremamum
requirements for energy use.

Among several interviewees there was a shared undersgandi
that these building regulations apply only to the construction of ne
buildings. However, an act from 1995 on technical requirements for
building constructions states that the requirementsritet alia, energy
efficiency are valid for botluilding andaltering building constructions
(SFS 1994).

4.6.3 Taxes and support arrangements

Economic measures have traditionally been the most important polic
instrument in Sweden. While building regulations are mainly for new
buildings, taxes and support arrangements are directed espamiadlyls

the existing building stock. Economic measures that are impdrtant
connection with the energy performance of buildings include supgort f
specific technologies, and taxes on energy angdédissions. Such taxes
affect the prices of energy carriers and aim at providiegconsumer
with incentives for reducing the use of fossil fuels and electrizatiifg.

The energy tax is applied on several energy carriers, \iele
carbon (CQ) tax is limited to fossil fuels. Bio-energy is exempted from
the energy tax, but it is applied on electricity, oil and nhiyaa, among
others. The energy tax on electricity used for heating has setea
significantly from 2000 to 2006 — by 61%. However, as the price of
electricity also has risen during the same period, the tar sifighe total
price has shown a slight decrease (Skatteverket 2008). Botanergy
and the carbon tax are applied on oil. While the energy taxdwasated
during the period, the carbon tax has increased. But, although the carbon
tax has risen significantly, total taxes on oil have stiehimcreased by a
full 83% during the period. Seen in relation to the total price,tabe
share has had only a small increase (Swedish Petroleunutenst@07,
Skatteverket 2008).

There have been several support arrangements for improving tigg ene
performance of buildings during the period. Most of these havefoeen
measures to be employed in existing buildings, except for the $uppor
bio-energy appliances and energy-efficient windows in new one- and
two-family houses. Other important arrangements include support for
substituting from oil heating, for converting from direct electrical heati

for energy-efficiency measures and for installing solar caliec Some

of these arrangements have existed for some time, while otlezes
introduced toward the end of the period under study. Table 4.3 presents
an overview of important policy instruments in Sweden from 2000 to
2006.
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Substitution of
fossil fuels with renewable

Conversion from electrical
heating to thermal energy

Reduction in
energy demand

energy
New Economic measures Regulations Regulations
buildings Support for bio-energy Requirements for Building regulations
appliances in new one- and | maximum use of direct ECONnomic measures
two-family houses electric heating (when it is
(2006 2008) the main heating source) in Support for installation of
Carbon tax on all fuels one- and two-family houses ﬁg\?\;%)r/]-:j‘f;cr:zrgvvg?g%\ﬂ/; in
except bio-fuels and peat Economic measures houses (2004 2008)
(1991 ) .
Energy tax on electricity
used for heating (1951)
Existing Economic measures Economic measures Economic measures
buildings

Support for installation of
solar collectors in one- and
two-family houses, multi-
family structures and non-
residential buildings
(2000 )

Support for converting
from oil heating to district
heating, heat pumps (rock/
ground/water) or bio-energy
in one- and two-family
houses (2006 2008)

Carbon tax on all fuels
except bio-fuels and peat
(1991 )

Support for converting
from electrical heating
(1998 2010)

Energy tax on electricity
used for heating (1951)

Support for energy
efficiency and conversion to
renewable energy in public
non-residential buildind8
(2005 2008)

Support for installation of
energy-efficient windows in
one- and two-family houses
(2006 2008)

Source: National Board of Housing, Building andriPiag 2007, National Board
of Housing, Building and Planning 2006, SwedishrggeAgency 2006a, SFS

1997

4.7 Summary of the empirical mapping

This study focuses on three different heating systems: ditectrical
heating, waterborne heating and passive house concepts. Whit¢ dir
electrical heating can use only one energy carrier — aliggtr all the
energy carriers and technologies can be employed by a waterborne
heating system. On the other hand, the passive house concept makes both
of these heating systems superfluous by reducing energy demmand
minimum. During the period under study, waterborne heating systems
have been dominant in Sweden, although a significant number of one-
and two-family houses have direct electrical heating. The Eassiuse
concept was introduced during the period under study, but the number is

still low.

18 100 million SEK (out of 2 milliards) is for solaells
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The empirical mapping shows that there has been a significant
substitution of fossil fuels with renewable energy for all baidtypes,
and for both new buildings and existing structures during the period
under study. The conversion electrical heating to thermal erieg not
been equally successful: we find an increase in electricéihgeduring
the period, but with some differences among the building types.fédso
reduction in energy use there is variation, but on the aggrieyatiethere
has been a reduction, both for existing buildings and new ones.

This chapter has also explored various factors that inaas

affected the development of energy performance of buildirggs £000

to 2006. The technological context is an important foundation which
creates certain framework conditions for improving the energy
performance of buildings. Earlier technological developmentse hav
shaped the physical infrastructure in use today, such as the&ngxi
heating systems. Also prices on energy carriers and componartiave

an effect on the diffusion of technologies.

The cultural framework has developed and changed, shaping
norms and values. The oil crises, nuclear programs and clinaateing
have provided important motivations and objectives for policies the
years. These issues are also relevant for understanding ltles \zand
preferences among building companies and consumers, and how the
various technologies are perceived.

The policy goals have shown ambitious intentions for improving
the energy performance of buildings, but no specific targets for
conversion from electrical heating to thermal energy. Building
regulations are a very important instrument for regulating ethergy
demand of buildings. Despite the widespread belief that bgildi
regulations apply to new buildings only, the empirical mapping has
revealed that there is a law stating that there alst esdsirements for
alterations in buildings. Taxes have been an important instrument
modifying the prices of energy carriers, giving incentit@ghe use of
renewable energy sources. We have also noted that Swedendmge a
of support arrangements available for improving the energy peafaren
of buildings.
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5 Analysis

This chapter explores the empirical findings in relation toathalytical
framework. The first part characterizes the technological systeneesld |

of change from 2000 to 2006, relating these changes to the threefold
understanding of energy performance of buildings. In the next jarts t
three explanatory approaches — the techno-economic, the institatiwhal

the regulative — are discussed in relation to the empiiiredihgs. First |
explore the explanatory approaches separately, before turnthg tm-
existence and mutual influence of the approaches in the last part.

5.1 Technological change and energy performance of
buildings

Table 5.1 categorizes technologies that affect the enerfgrimance of
buildings according to level of diffusion from 2000 to 2006, distinguish
ing between technological change at the component and the sysém le
Some changes can be seen on the aggregate level for dihgsiilwhile
others are valid for only one type of building.

Most of the diffusion of technologies between 2000 and 2006 has been on
the component level. Such changes are characterized by contonljty:

the components are substituted, while the system remains e sa
Hence, even though some technologies (like heat pumps and solar
collectors) have experienced significant increases during thedpéhis

is not a discontinuity but a continuation of the existing technabgic
system. Substituting from oil heating or waterborne eletdthieating to
renewable and thermal energy requires only changes at thgonent

level, from e.g. oil boiler/electrical boiler to pellets baoileas the
buildings already have a waterborne heating system. Accordidgrtth
(2002), technologies that retain the existing system will lza@ntages

for diffusion, as potential users will perceive them as riadcal for with
technologies that require changes at the system level.

Changes at the system level require the substitution or replacee
sub-systems. The sub-systems are in this case understood astthg h
system: direct electrical heating, waterborne heatingesys and the
passive house concept. The conversion from direct electricahdnea
thermal energy produced by, e.g., solar collectors, districinigeat heat
pumps (except air-to-air heat pumps) requires emplacing ertveahe
heating system. Even though changes at the system level may be
perceived as more fundamental than changes at the componeralsvel,
these changes can be interpreted as both continuity and discontinuity
According to Unruh (2002), technologies that require the total
replacement of sub-systems and represent a radical changethfieom
existing will lead to discontinuity. The introduction of thesgime house
concept in Sweden may be perceived as such a change, whereas
substituting from direct electrical heating to a waterbornéirigeaystem

can be said to represent continuity as both these systemsdate used

in Sweden today. Reduction in energy demand can also be achieved by
changes at the component level, like installing energy-effici@mtiows

and thicker insulation. However, full application of the passivese
concept makes the traditional heating system superfluous.
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Table 5.1: Diffusion of technologies, by effect on energy derm-
ance of buildings, 2000—- 2006

Substitution of fossil fuels | Conversion from electrical | Reduction in energy

with renewable energy heating to thermal energy | demand
Component Reduced use of oil Increased use of electricdl Reduction in energy use
level . floor heating (one- and two-
Increased use of bio-

family houses)
energy

Increased use of air-to-ai
heat pumps (one- and two-
family houses

Increased use of district
heating

Increased use of solar
collectors (one- and two-
family houses)

Increased use of heat
pumps (one- and two-family
houses)

System level Increased use of bio- Introduction of passive
energy houses in Sweden

Increased use of district
heating

Increased use of solar
collectors (one- and two-
family houses)

Increased use of heat
pumps (one- and two-family
houses)

Kemp (2002) distinguishes between technologies that make istingx
technological system more sustainable, and technologies thaseapia
new technological regime. This distinction is important as thezdimits

to the environmental improvements possible within any given techno-
logical system (Mulder et al. 1999). There exist two diffedesating
systems within the current technological regime: directtetal heating

and waterborne heating systems. Seen in relation to the cohesrgy
performance of buildings, the benefits from system optimiaadiiffer
considerably between these two systems.

It is possible for waterborne heating systems to use onlyvede and
thermal energy, and this will lead to a complete substitution of famdd f
with renewable energy and converting from electrical heatingdrmal
energy. While the waterborne heating systems allow the wseafergy
carriers, direct electrical heating locks energy usedotretity. Air-to-air
heat pumps are the sole alternative and will lessen the need for electricit
However, as the air-to-air heat pumps use electricity for tpgrand in
addition need supplementary energy (since they cannot cover tree ent

91t has not been possible to get an overview ofube or sale of components.
The figures on energy use show reduced energywlsieh indicates that more
energy-efficient components have been used.
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heating demand), the use of electricity for heating will cagi To some
degree electrical heating may be replaced by thermal enbugynot
completely, as the total use of electricity for heating wouldebdeced by
only around 15 to 30% (Johansson et al. 2005:1390). The possibilities for
substituting fossil fuels with renewable energy using eledttieating
depend on the share of renewables and fossil fuels in elgctrici
production and the marginal power production. These issues will be
discussed in greater detail below. Neither the waterbornengeststem

nor direct electrical heating will lead to a reduction in energy demand, but
the use of solar collectors or heat pumps will reduce the need for
delivered energy. As delivered energy is what is used tuled¢ energy
use, the use of these technologies may be perceived as darednct
energy demand. However, if the energy carriers are weighteafléot

the actual environmental effects, this may change.

According to Kemp (1994) the technological regime defines ioerta
boundaries for technological progress. As noted above, therenitiett
improving the energy performance within the existing technological
regime. Hence, changes at the system level may be impfmtamprov-

ing energy performance. The introduction of passive houses in Sweden
(from 2001) represents a new technological regime, as ita@mgpletely
different way of designing and constructing buildings. The passiuse
concept makes it possible to maintain a comfortable indoor @imat
without active heating or cooling systems (Passiv Haus utst2006)°

The various elements in passive houses are found in othempgasilds

well, like insulation, energy-efficient windows and heat recpvévhat
makes the passive house a regime shift is that these compareuist
together and optimized according to specific requirements whéticee

the energy demand to an absolute minimum, rendering the traditional
heating system superfluous. Improvements in energy performance by
passive houses far exceed the improvements gained by optimizing
waterborne or direct electrical heating systems. As mhtimaal heating
system is required, due to the low energy demand, all the tlereerds

of energy performance will be improved significantly. Howevertheere

are still very few passive houses in Sweden, the paksiuse concept

has led to only minor improvement in the aggregate energy pexficen
during the period under study.

Even though the existing technological regime emplaces cértdig on
improving energy performance, there is still great paaénéspecially
within the waterborne heating system but also in directradatheating,

both for substituting fossil fuels with renewable energy and ctinger
from electrical heating to thermal energy. It is also posgiblimprove

and replace components like windows and insulation, to reduce the
demand for energy. Most improvement in energy performance between
2000 and 2006 has taken place within the existing technological regime
except for the small number of passive houses built. 1t S dind fore-
most changes at the component level that have led to theegireat
improvements in energy performance during the period. Oil has been
generally replaced by district heating, but also electricaltirigea

20 A heat exchanger is needed to recover the hemttlie exhaust air
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(particularly for one- and two-family houses) and bio-enétgshere is

still a potential for improvement within the current technologiegime,

especially for the replacement of fossil fuels by renewabérgy and the
switch from electrical heating to thermal energy. Also enelsgymay be
reduced, but a regime shift will offer significantly higher poténtia

The explanatory approaches will be used to explore the development of
energy performance of buildings further. As shown by the empirica
mapping, there has been a substitution of fossil fuels with refewab
energy and a reduction in energy use, but not a change fromcalect
heating to thermal energy. The spread of technologies #vat &ffected

this development was outlined in Table 5.1. The remainder of this chapter
looks into the development of the three different elements afggne
performance of buildings and the diffusion of technologies thae hav
affected this development.

5.2 The techno-economic approach

The techno-economic approach emphasizes that the power to effect
change is imputed to the technology itself (Marx and Smith 1994). Both
the existing technological system and the technologies haveeithe
attributes which give them advantages as well as disadvanfage
diffusion. Also the prices of energy carriers and technologidsemte

the possibilities for improving the energy performance of buijsli
Three techno-economic factors will be explored: the physical
infrastructure, attributes of the technologies, and prices asi$.cThis
section will discuss whether these techno-economic factore hav
promoted or prevented improved energy performance of buildings in
Sweden from 2000 to 2006 and may offer explanatory power to the
empirical findings outlined in the previous chapter.

5.2.1 Physical infrastructure

One of the elements that influence the possibilities for diffusf tech-
nologies is the physical infrastructure (Kemp 1994). This infrastreigs

the result of previous technological change and influences the
possibilities for improving the energy performance of buildings bingi
advantages to some technologies and disadvantages to others. &hus th
technological context is essential for explaining the physidedstruc-

ture and how it has affected the possibilities for improvimg énergy
performance of buildings. Today's existing buildings may also be
perceived as central elements of the physical infrastructure. The @hpiri
mapping revealed great differences between the various typasldf

ings. May the explanation for this variation be found in platsattri-
butes of these types? Both the technological context and butlgeg
may be perceived as technological trajectories which influghee
possibilities for diffusion of energy technologies. They magate lock-

in, as changes outside the trajectory are difficult.

21 Based on changes in the energy carriers shagadfenergy used for heating
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Technological context

The technological context is important for understanding thetirxis
technological system. Previous technological change has shhped t
physical infrastructure and creates certain framework conditi@tsnay
favour or disfavour various technologies. It is not possible tagishe
technological context in the short term, since it is thelred years of
previous technological developments. However, technological change
today will influence the technological context in the longer term.

As noted above, the heating system is essential for the pitissitfor
improving the energy performance of buildings. The heating system i
decided when a building is being designed and constructed; due to the
long lifetimes of buildings in Sweden, the technological conteay m
provide an explanation for the main heating systems in use todegt d
electrical heating and waterborne heating systems. Itaswfe possible

to replace heating systems, but this is an expensive andsietero-
cedure.

In 1970 oil was the main heating source in Swedish buildings hvétiso
resulted in a high share of waterborne heating systemshahiseduced

the costs of replacing oil boilers with other technologies tisrict
heating and heat pumps, as the infrastructure was already & glac
explained above, a waterborne heating system allows the usetbé all
energy carriers. In addition, because the use of oil in new bgddias
decreased significantly after 1970, most oil boilers todayolteand in
need of replacement (Energy Market Inspectorate 2006). The dosts o
switching from oil boilers to renewable energy technologiesotme
significantly lower if these boilers would have to be replaced anyway.

The nuclear programs and significant growth in domestic eteggtpro-
duction led to increased use of both direct electrical igatnd water-
borne electrical heating in one- and two-family houses during the 1970s
and 80s. It is important to distinguish between direct etedthieating

and waterborne electrical heating, as these two systems pdiffetent
opportunities for changing energy carriers. In buildings with ctlire
electrical heating it is possible to install a waterbdreating system, and
thus covert to thermal energy. As this is very expensivechieapest
alternative in the short term is air-to-air heat pumps. Agrthm use of
direct electrical heating is in one- and two-family houses, this may help to
explain the why almost all air-to-air heat pumps (97%) are ereglay

this type of building. This creates lock-in, as electricitthes only energy
carrier that may be used. But it does not explain why one- and twity-fam
houses also are the major users of other heat-pump typds nehigre a
waterborne electrical heating system. On the other hand, even though
electricity is still needed (as input for the heat pump andugple-
mentary energy), total electricity use will be reduced. Thisflicts with

the findings of this study: an overall increase in electricised for
heating. Other factors must have compensated for and counteifasted t
reduction.

Energy use in existing buildings, especially multi-famityustures, is
significantly higher than for buildings constructed after 2000e B the
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long lifetime of buildings, many of today’s existing buildings were
constructed before the attention to energy security and epéiggncy
escalated in the 1970s. The ‘million programme’ houses — referring to the
large-scale construction of houses (about 110 000) in Sweden from 1965
to 1974 (Lago 2004) — use approximately twice as much energy as new
multi-family structures. These buildings were construcégudty without

much concern for quality. In addition, measures to reduce the energy
demand in existing buildings are both more limited and more expensive
than for new buildings (see Table 2.1).

Our discussion about the impact of the technological context on the
development of energy performance of buildings has concluded that
previous technological developments have affected the development of
energy performance by determining the heating systems foundstimgx
buildings. This context promotes the substitution of fossil fuelh wi
renewable energy, but not the conversion from electrical heating
thermal energy. The possibilities for reducing energy demand ach m
more limited for the existing building stock than new buildings. Bue
long lifetime of the existing building stock, this works aganmesiuctions

in energy demand.

Building type

The differences in energy performance between the building typgs
indicate that the possibilities for improving the energy penforce are
related to building type. In this section | will discuss whethervarious
types of buildings have special attributes which make ieeasiharder
to improve energy performance.

First, a recap of the empirical findings on differences beatwmélding
types related to the replacement of fossil fuels witheveable energy.
One- and two-family houses had the largest substitution from 2000 to
2006. This involved the largest increase in energy technoldgefédat
pumps, solar collectors, district heating and electricalifgand the
most significant decrease in the use of oil for heating. Honwave000

this type of building had the highest share of fossil fuetslawest share

of renewable energy, and thus also the greatest potential foova:
ment. The significant improvement of one- and two-family houses
brought this type of building ahead of multi-family structures in 2806
regards the lowest share of fossil fuels. Non-residentiatlibgg have a
similar energy structure as multi-family structures, &glightly higher
share of fossil fuels and a somewhat smaller share efvadyle energy.
Here | will concentrate on one- and two-family houses and rauttity
structures, as the differences between these two buildipes tyare
greatest.

Regarding energy technologies, the major difference between aoml
two-family houses and multi-family structures concerns diskrgzting.

The infrastructure is expensive and demands large investmdmts
require a certain number of connections to be profitable. The more
buildings that connect to the district heating system at time sime and

in the same area, the more it becomes economically profi@blsson

and Sernhed 2004). This favours multi-family structures, as, bgi-def
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tion, this type of building has higher density. However, distriettihg

for one- and two-family houses has increased during the period and
almost doubled its share of the total energy used for heatinthifor
building type. As also 10% of new one- and two-family houses btslt af
2000 have district heating, building type cannot provide the whole
explanation for the differences found. According to one interviewee,
district heating may be used in all urban areas. (An ‘urbaa’ ae
defined as having more than 200 inhabitants and no more than 200 meters
between the buildings (SCB 2006)). The type of building is therefore
decisive, as one-and two-family houses also can be located in urban
areas. ‘...Only in an area with only one-family houses it doepaobDff

to build out district heating...” (interview). District heating not yet
common in Sweden’s smallest urban areas, but about 80% of the urban
areas with 3000+ inhabitants have a district heating net tdlapheat

& Power 2007).

Multi-family structures have been the main market for distnieating,

due to the lower costs of connection. Other renewable enechydlo-

gies have competed for shares in the market for one- and mtwily-fa
houses, and this may explain the increase in diffusion of technoldgies |
heat pumps and solar collectors. These technologies may alsodbi& use
multi-family structures, but have been locked out due to the predomi
ance of district heating. The energy use of buildings built #fie year
2000 may be useful for exploring the potential for substitutingjiftigels

with renewable energy. Oil has been completely phased out ironew
and two-family houses and multi-family structures, while eéhisrsome

use of natural gas. The conclusion from our discussion on type of
building and the substitution of fossil fuels with renewablegnées that
building type does affect the possibilities of the variosdrtelogies, but

not the possibility for completely replacing fossil fuelgharenewable
energy. Some technologies are better suited for multi-fastilyctures

and non-residential buildings than for one- and two-family houses, and
vice versa.

We also find great differences between one- and two-family soarse
multi-family structures when it comes to electricaltiven one- and two-
family houses use significantly more than do multi-family cttices.

This tendency has become stronger from 2000 to 2006. As noted above,
all thermal energy technologies may be used in both building typds, a
the differences in use of electrical heating cannot be explained by
attributes inherent in the building types.

Also for reduction in energy use the two building types differ. g0,
energy use per kWhfyear is not very unlike, but by 2006 energy use
had been reduced significantly for one- and two-family houses while
remaining constant for multi-family structures. However, tttedinces
between the building types are very small for buildings cootgd after
2000. This implies that it is not attributes inherent in the mgldypes
that may explain the differences, as one- and two-family housgs a
multi-family structures may be constructed with similar eperge. This

is also confirmed by the fact that it is possible to build both one- and two
family houses and multi-family structures to passive house standard.
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However, when discussing the importance of building type, kivixar
may not be the best measure for energy use, as buildings watigea |
heated area are likely to have lower energy use per squetersm
Instead, energy use per dwelling unit may be a more appropriate measure.
The empirical mapping concluded that the energy use per dwellingg unit
significantly lower for multi-family structures than for enand two-
family ones. On the other hand, it is certainly possible to consine
and two-family houses with heated area the size of that in-faoiily
structure, and vice versa. Hence, the type of building is noside in
this case either, although multi-family structures ardylike have lower
energy use per dwelling unit than one- and two-family houses.

Thus we see that the type of building has not affected thebjiities for
substituting fossil fuels by renewable energy or converting fleotrecal
heating to thermal energy, but, due to the higher living aremén and
two-family houses, the type of building does affect the possisiliior
reducing energy demand.

5.2.2 Attributes of the technologies

Inherent attributes of the technologies will influence their ipdgees for
diffusion and the degree to which they will improve energy perdoaa.
One important attribute that affects the latter is #heewable and fossil
share of the energy input involved in the technology. Feasimslised
as a common characteristic of attributes related to usalsilitiability or
complementarity. These factors may be connected to what AiBa8B)
refers to as increasing returns to adoption which promote thefuse
already widespread technologies.

Energy input

As discussed in the previous section, it is possible to effedmplete
substitution of fossil fuels with renewable energy for all batdtypes.
However, there are some differences among energy technologiastwhe
comes to the possibilities of fulfilling this potential, deethe share of
renewable and fossil energy input. District heating andredatheating
are the two most important energy technologies, representingt&30%s

of the energy used for heating buildings in Sweden. Changes ligyene
input may therefore have great impact on the substitution of fasts
with renewable energy.

Energy inputs in district heating and electricity productionbaté fossil
fuels and renewable energy (as well as nuclear power). Subsgtittdm
fossil fuels to renewable energy in buildings using districtihgaand
electrical heating will therefore depend on the energy input.eThas
been some substitution of fossil fuels with renewable energiersain
district heating production from 2000 to 2006, but 16% fossil fuels
remain. However, it may be expensive to substitute thedasiining oil
use, as these boilers are used only to cover peak demand ondist col
winter days. ‘It would have to be a cheap rebuilding as theyittle...’
(interview). There is an ongoing discussion about the possbiliif
switching to bio-oil in these boilers (interview). The fossilare in
district heating prevents the substitution to renewable erdgugyto the
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widespread use of district heating in buildings. This alsoahesnsider-

able impact on the aggregate level due to the high number of buildings
connected to district heating. The share of renewables uirieity
production has decreased from 2000 to 2006, while the fossil share has
remained constant. This is due to a reduction in hydropower and an
increase in nuclear power in 2006 compared to 2000. It is important to
also bear in mind that theses figures show only domesticrieigct
production. If imported electricity is included, fossil fuels mayeege

with a larger share. While the changes in energy input ftiiadibeating

lead to a substitution of fossil fuels with renewable energy, the changes in
input for electricity production have counteracted this substitution.

Unlike district heating and electrical heating (including hmanhps), the
switchover to bio-energy and solar collectors will give a cotaple
substitution of fossil fuels with renewable energy. Howeverpitieshe
significant increase in sales of solar collectors, thieyséll only a minor
contributor to covering energy demand in Swedish buildings. Bigo
energy has had a slight increase during the period and is rdspdosia
small part of the substitution.

The need for of electricity to run the heat pumps brings thistdogy
into conflict with conversion from electrical heating to thatranergy.
This is particularly true of the heat-pump types that carerconly a
small portion of the energy demand, like air-to-air heat pumpsclsng
from electrical heating to heat pump will reduce the usdeatricity for
heating, but if the previous energy carrier was oil, the fisdeatricity
will be increased. There are other renewable heating techeslimt do
not use electricity, like solar collectors, bio-energy andridisheating.
These can improve the energy performance of a building morethkan
use of heat pumps.

The significant increase in heat pumps may explain the reduction in
energy use during the period, as only the energy delivered asirged

for in the energy statistics. As the energy out put frohreat pump is
three times more than its input, two-thirds of the energy ée"frThis

may be an incentive for installing heat pumps. When oil heating or
electrical heating is replaced with heat pumps, energy useewvitduced

by two-thirds. However, electricity use has risen for one-tewocfamily
houses, which may indicate that heat pumps have replaced oil more than
they have replaced electrical heating.

The energy input of the technologies affect the energy perfmenaf
buildings in several ways. Renewable energy input has increased du
the period, promoting the substitution of fossil fuels with renewable
energy, while the change from electrical heating to thermaiggreas
been inhibited due to the input of electricity in heat pumps. The amount
of energy delivered will be reduced in buildings using solar collectors and
heat pumps. However, this has no effect on the overall energgndeoh

the building.
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Feasibility

Several technologies compete for shares in the Swedismdheadirket.
Most of these are already widely diffused, like distrietatmg, bio-
energy and electrical heating, whereas solar collectirdate a very
small share of the total heating market. According to Artfi@88),
technologies already in use on a large scale have gained demeith
give them advantages compared to less diffused technologidmol@ec
gies that have been around for a long time have been integnietthé
technological system and have undergone improvements that hdee ma
them more cost-efficient, energy-efficient and user-friendlge dif-
fusion of less familiar technologies like solar collectorsl gassive
houses may have been inhibited by this factor.

The ability to cover the entire heating demand is one ofmdia differ-
ences among the various technologies. The most widely diffused-ones
district heating, bio-energy and electrical heating — have dhibty,
while solar collectors and most types of heat pumps need suppleynenta
energy. Heat pumps have become increasingly efficient and ceidga
higher energy output than before (interview). This improvement lmeay
related to one of the benefits identified by Arthur (1988): learrby
using. Another important difference is user-friendliness and the foee
maintenance. District heating and electrical heating (includiegt
pumps) are perhaps the most user-friendly technologies, whiles¢hef
bio-energy requires continuous maintenance. How much will depend on
the choice of pellets boiler, and the use of automatic boigrseduce

the workload significantly.

Another source of increasing returns to adoption is economiesief is
production: the fall in costs per unit as production increases. Ber bi
energy the situation is different. A tree can be used faetliifferent
purposes: timber, paper pulp and the leftovers for bio-fuels. sexdea
demand for bio-fuels leads to greater competition between thaadneat
market and timber- and paper pulp industries over the raw materials.

Hence, we see that the differences in the advantages dfiftheed
technologies are due first and foremost to inherent attriboftethe
technologies, and only some degree increasing returns to adogtese T
attributes promote the substitution of fossil fuels with rermeevanergy,
but work against the conversion from electrical heating to thermalyenerg

5.2.3 Prices and costs

According to Freeman (1991) the economic elements of the selecti
environment is the most important for the diffusion of technologies. T

was confirmed by several of the interviewees, who statedfittzaicial
considerations were perhaps the most important factor for both con
sumers and building companies when choosing heating systems, energy
technologies and measures to reduce energy demand. However, the prices
on energy carriers and components are not determined by thect&tchni
side alone. Regulative elements like taxes, subsidies and sappoge-
ments alter the prices and total costs for the buyers. Eoitos will
discuss the impact of the total price, while the taxes appast arrange-
ments will be discussed later under the regulative approach.
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There are great differences among the technologies reggydags on
energy carriers and components. Prices that favour renewablgy ener
carriers may be an important factor for the substitution of fossil fuitts
renewable energy. However, the empirical material revbalsthere is

no connection between price level and substitution. The highestiprice
for electricity — which has increased significantly in ored awo-family
houses. By contrast, the energy carrier with the lowest prigagdthe
period, bio-energy, has actually decreased in absolute figameshas
had only a very small increase in its share of total energg tisr
heating?® However, the increase of prices is more in accordance with the
diffusion of energy carriers. Oil was both among the most expensive
energy carriers during the period, and has also increased cagtlifi in
price from 2000 to 2006. This is in line with the empirical finditigest
show that the use of oil for heating has decreased signiffaduring the
period. The development of prices on district heating supports tis, a
these prices have had the least decrease, while it has incitsastgare of
total energy used for heating.

As noted earlier, the improvement of energy performance will dédma
substitution of components and also, in some cases, substitution of the
heating system itself. The prices of energy carriers nhesefore be
studied in relation to the costs of components and investmentatindhe
systems. The investment of a new heating system will diyrioa paid
back in the long term due to the development of energy priceseaed |
of investment costs. The low investments for direct elettheating
compensate for the high electricity prices and may offeraggpion for
the increased use of electrical heating. Also for waterborstersg, the
electrical boiler is the least expensive alternative (@nelMarket
Inspectorate 2007:26).

The choice of heating system and energy carriers mustalseen in
relation to the heating demand of a building. Energy-efficient building
techniques like thicker insulation and energy-efficient winddwase
often higher costs than conventional techniques: both becaude of t
investment costs and because energy prices are too low fordheed
energy use to compensate for the higher investment costs.efes $o
counter the use of techniques that are not cost-efficienfinascial
considerations are very important for building companies. In the long
term, these investments may still be profitable, but buildmmpanies
operate with a very short time-perspective (interview). Lemergy
demand in new buildings due to energy-efficient building techniques
makes the repayment time longer for technologies with highstment
costs. This favours the air-to-air heat pump (interviews). lierotvords,

the improvement of one of the elements of energy performance of
buildings acts to prevent improvement in another element:aimeecsion
from electrical heating to thermal energy. Solar collectienmiand large
investments and can in addition cover only a part of the heatmgrak

of a building. This may be a barrier to the wider spreadlaf €£ollectors
(interview). However, also air-to-air heat pumps need a highe stia
supplementary energy, but the investment costs are signifidamtbr

2 The prices are for pellets
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than for solar collectors. Both solar collectors and heat pgep$dree’
energy from the surroundings which lower the variable enerdg.cisis
may compensate for the high investments for solar colledbotsheat
pumps will still have advantages because of their lower investmenst cost

Substituting from fossil fuels to renewable energy has lowstscas the
heating systems as such can remain unchanged and only components
substituted. Renewable energy carriers are also less expémsivfossil

fuels. The costs involved, however, act to prevent the conversion fr
electrical heating to thermal energy, especially for buildiwgh direct
electrical heating and those with low energy demand. Low eneiggs

have made measures to reduce energy demand less profitable,tkee

long payback times involved.

5.2.4 Summary of techno-economic factors

Figure 5.1: Influence of techno-economic factors on the inmpve-
ment of energy performance of buildings, 2000-2006

\
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However, the conversion from electrical heating to thermal gnieag

been discouraged by all the factors. Direct electrical mgat one- and
two-family houses locks the energy use to electricity. Ipassible to

install a waterborne heating system, but the investment is expefisive.
for new buildings, electrical heating is the least expensive alteznat

Reduction in energy demand is also inhibited by techno-economic
factors. The type of building is important for reducing enangg, as
multi-family structures use less energy per dwelling than and two-
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family houses. However, changing the building structure is very rauch
long-term task. Also the costs of energy and components act tenpigev
reduction in energy demand, as energy-efficiency measures mayhave
long payback time due to high costs and low energy prices.

5.3 The institutional approach

The institutional approach stresses the importance of studying technologi-
cal change in relation to cultural factors. Especially in mem tech-
nological systems, the selection of technologies is heavilyeinted by
institutions (Rosenkopf and Tushman 1994). Path-dependency is a result
of positive feedback mechanisms which trigger additional devedopm
along the same direction as previously. The spread of technolbgies
conflict with this path will be prevented, while technologikat are in

line with the current institutions will be promoted. Thistg looks into

the explanatory power of the institutional approach for the deveopm

of energy performance of buildings. Three institutional factaes a
explored: the Swedish cultural context, perception of technologies,
supplier—demander relations. For the institutional approach to drave
planatory power, these factors must prove to have influenced the develop-
ment of energy performance of buildings.

5.3.1 Swedish cultural context

As explained by Scott (2001), the cultural framework is a windief
system that shapes the subjective interpretations and thensaatf
individuals and organizations. The cultural context has developed ov
time and thus given different meanings to energy performance of
buildings. This has led to various motivations for improving the energy
performance over the years, which again have had varying fohribe t
elements of energy performance. Is the main goal to redumatelgas
emissions, or to increase energy security? Shall nucteeerpoe phased
out, or is this climate-neutral energy production that can be confinued
These are central questions which have been answered in véiffeus

ent ways over the years. These answers have shaped thstamtieg of
energy performance of buildings and also created a frameworknthat
have affected the development of energy performance duringethoel p
under study.

The global warming issue has received considerable attentionedef
in recent years. While energy security was the main reasamgooving
the energy performance of buildings after the oil crises in 1873hé
climate debate has become increasingly important sinceathel®90s.
This has led to greater emphasis on the elements of energynpante
that directly influence the Swedish ‘climate account’: tlessitution
from fossil fuels to renewable energy, and reduction in energy demand.
Despite differing motivations, the emphasis on energy secamitly on
climate change both promote improved energy performance ofrimsldi
As the two objectives are not conflicting, they have reirgdreach other
and may have speeded up the replacement of fossil fuelsemithivable
energy.
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Nuclear power has a key part in discussions of energy perfioamaf
buildings in Sweden. Since the first power plant was built thasebeen
considerable debate about the decommissioning or continuation of
nuclear power. This discussion continues, and has taken a new tiarn wi
the climate debate. At a time when reducing climate gass@éms has
received main attention, nuclear power has been given a secone,chanc
as the electricity production from nuclear power is,;@@utral. As a
mere 5% of Sweden’s electricity production was from fossillsfue
between 2000 and 2006, the use of electricity leads to only minatelim
gas emissions. This may indicate that the use of elattieating is not
perceived as a major problem in Sweden, and may help toirexp&a
increase in electrical heating that the empirical mapping revealed.

Energy security and increased domestic energy productionilfrienst
portant issues in Sweden. However, while the main objectivieeodis-

trict heating program has been to provide buildings with heating, the
primary purpose of combined heat and power plants is electricitups

tion (interview). The heavy emphasis on electricity productiam also

be found in the focus on solar energy. Even though solar collectars hav
significantly higher energy-conversion efficiency than solalscin
Sweden, solar cells have greater political interest, adrieley can be
used for a range of purposes (interview). The main focus eteth
today is on electricity production, not thermal energy. The heaygha-

sis on electricity may offer some explanation to why the useecofradal
heating has increased during the period. Perceptions of edétieiating

are discussed more in the next section.

We see that Swedish cultural context has had implicatfonsthe
development of energy performance. The increase in attentiomiate!
change has led to a greater focus on substituting from fosdd fa
renewable energy and on reducing energy demand, but it has also meant
increased acceptance for nuclear power and electrical heating.

5.3.2 Perceptions of technologies

People’s preferences and beliefs are elements of theiselectviron-
ment that influences how technologies are perceived (Kemp 1994k The
beliefs may be crucial for technology diffusion and will therefalso
affect the development of energy performance of buildings. Hotw te
nologies are perceived has had significant influence on thétatibe of
fossil fuels with renewable energy, as the use of oilhiating is not
regarded as appropriate in Sweden today. This is due primarilythe *
awareness that we have to get away from dependency onftetsilfor

the sake of the climate...’ (interview). As various renewabhergy
technologies compete for shares in the heating market, the pencept
technologies may help to explain why some have become more widely
diffused than others.

Solar collectors are the technology with least environmentphct, as

they completely run on renewable energy. Thus, use of this technology
will lead to the greatest substitution of fossil fuels wighewable energy.
Even though the technology has existed in Sweden since the 1980s,
knowledge about solar collectors is still not widespread. Tipsinsarily
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what has stood in the way of diffusion, not that people are sakptic
negative towards the technology. As there exist several dubiter-
known, more widely diffused technologies, consumers tend to prefer
them (interviews). This is an example of how technologies areatdif-
fused on a large scale become even more attractive thnofaginational
increasing returns that inhibit the diffusion of less familiahtwlogies.

District heating has a long tradition in Sweden and has expaoaéd-c
uously since the 1950s. However, there is also scepticism to t@ng
nected to a district heating net. District heating is a ahtaonopoly, as
the investment for infrastructure is high and variable costs|awv
(Energy Markets Inspectorate 2007). Even though there existateve
alternatives for heating and it is possible to disconneck time infra-
structure has been installed it is difficult to change to reroenergy
technology (interview). ‘Customers feel it's a little likemonopoly and
that they are stuck. This is why they sometimes chooseonmrtnect’
(interview). However, district heating increased its shsigmificantly
from 2000 to 2006, so this critigue has only to some degree worked
against the diffusion of district heating. Since fossil fusks not gen-
erally perceived as a realistic option, heat pumps and bioyeaeeghe
main competitors to district heating and solar collectocgpficism to-
wards solar collectors and district heating has therefonelyriafluenced
the choice of technology, not prevented the substitution of fosdd fue
with renewable energy.

Making the conversion from electrical heating to thermal enesgy
heavily influenced by how electrical heating is perceived. $éweter-
viewees referred to the debate about electrical heatirguyvdhermal
energy as a philosophical issue. On the other hand, the relationship be
tween energy forms and purpose is a central issue in physias.diay
to the laws of thermodynamics, when energy is transformeguidity
deteriorates (see Holter et al. 1998). Energy quality is hifgineslectri-
city than for the other energy carriers as it can be used bothefcinan-
ical work and heating. However, this has not been a cesgatiin the
Swedish discussion about electrical heating. The main focugraadnd
cons for using electricity for heating relate to the undedstey of mar-
ginal power production, and thus whether greater use of ekddteating
leads to more climate gas emissions or not.

It is therefore first and foremost the perception of marginal gpow
production that influences the use of electrical heating in Swdtlen.
electricity is understood as a scarce resource and it is belietvaptehter

use of electricity will lead to more electricity productinom CQ.-
emitting coal-fired power plants, converting from electribahting to
thermal energy will be important. If, however, electricityséen as C9O
neutral because it is produced by hydropower or nuclear power,
conversion will not be the main issue for improving the energippes
ance of buildings. This aspect is central for evaluatlegtecal heating

and heat pumps, as both systems use electricity to produce thermal
energy.

The system border is essential in the discussion about mapginar
production. If the system border is set to Sweden, only electprityuc-
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tion in Sweden is included, whereas setting it to the Normlimicies or

to the EU will include imported energy. A report from the Swdis
Energy Agency (2002) concluded that most of Sweden’s marginarpow
production came from coal-condensation energy from Denmark, Finland
and Germany. Since then, this view has been moderated; however, n
alternative marginal power production has been launched, as one is
awaiting the results of an inquiry about weighing factors (intevyi The
discussions about marginal power production and weighing factors
indicate that the question of electricity for heating hasnba long-
standing issue which is still not resolved. Acceptanceeditietal heating

has fluctuated over the years. However, the empirical matgivak
indications of growing acceptance of electrical heating dufiegperiod
studied. This is also in line with the empirical findingereased use of
electrical heating.

When it comes to reducing the demand for energy there existase
technologies that may prove far more effective than thadelyvused
today, like applying the passive house principles on both new buildings
and when renovating existing buildings. ‘It is a very conservatore
struction industry. They take what is cheapest and easiest.tfiég can

build fast without giving one little thought to energy use’ (ivitew).
Scepticism to passive houses among building companies may have
slowed down the diffusion of this concept. This building concept repre
sents a radical change and a new technological regime, andilfiaus
requires changes in the institutions (Unruh 2002). This sceptisisan
example of institutional inertia slowing down the procesdgliitision.
However, the changes in values by 2006 due to awareness of climate
change may have reversed this lock-in and perhaps helped to speed up
diffusion.

Our discussion on perception of technologies has revealed senplial
cations for energy performance of buildings. Oil is no longgarded as

an appropriate energy carrier, and despite scepticism andktitieledge
about some of the renewable technologies, the substitutionsiif fioels

is promoted because several other renewable alternatieesvailable.

On the other hand, the conversion from electrical heating to thermal
energy goes slowly because a focus on energy quality and foabhsent
from the Swedish debate. To some degree, the focus on marginal power
production works against the use of electrical heating, but as the
understanding of the marginal power production is vaguer than before,
the use of electrical heating is promoted. And finally, adhgea reduc-

tion in energy demand is hampered by the scepticism towardasbe
house concept.

5.3.3 Supplier—demander linkages

Kemp (1994) defines supply—user linkages as important elemettg of
selection environment influencing the diffusion of technologies. The
building sector consists of several different actors, amdbeadivided
between suppliers and demanders. Suppliers may be building companies
and companies selling and installing technologies, while demanders ar
the owners, buyers and tenants of the buildings. Both the prefsrehce
these actors and the connection between them may infludmce
development of energy performance of buildings.
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According to several of the interviewees, energy performandsuild-

ings was not an important issue for building companies or densander
until 2006. Economy and comfort have been in focus. This has led to a
self-reinforcing pattern, as the building companies follow theswmers’
requests, while the high demand for housing makes consumers less
interested in the actual qualities of the building. Even thoughggrhas

not been an explicit issue, the current path dependencyesuli of the
cultural context discussed earlier, which especially integratesitiséits-

tion of fossil fuels with renewable energy while blocking thangeover

from electrical heating to thermal energy.

As noted previously, lack of sufficient knowledge may be a bawidre
wider spread of solar collectors. On the other hand, accorditgédo
interviewee, the companies that install solar collectorsesgmt the
greatest bottleneck: ‘The problem is that if you are aapeivndividual
with a one-family house, and you want solar collectors and coatact
installation company, they have neither the time nor the intgiagtt-
view). This is due to the high pressure on the building market: h..the
you are not interested in new techniques’ (interview). Wheihnerethe
suppliers nor the demanders have the knowledge, and severamnotieer
familiar alternatives are available, the diffusion of s@allectors slows
down. This is a vicious circle and an important barrier to diffusion.

The increased attention to energy and climate change in 200Genay
interpreted as changes in taste, one of the extraordinamjsedefined by
Cowan and Hulten (1996, in Unruh 2002) that may overcome lock-in.
This focus has broken the previous path dependency, as sevktiaigbu
companies and demanders have now put energy efficiency on the agenda.
This change is an important driving force for improved energioper

ance of buildings, but has occurred too recently to have hadhatey
worthy effect of the development of energy performance of buiding
during our period of study, 2000 to 2006.

When evaluating the payback time for the extra costs of techasltgt
improve the energy performance of buildings, the time-perspeidive
essential. The diffusion of technologies with high investmants long
payback time will be prevented by the short time-perspecimong
building companies and demanders alike. The lack of a common standard
and method prevents a longer time-perspective and the incluside-of |
cycle costs (interview).

The time-perspective is especially a problem when it comesgroving
the energy performance of rental dwellings. The tenant itieethat
benefits from lower variable energy costs, while the one whs fuat the
technology, the landlord, does not get any of the benefits. Trangfe
the costs by raising the rent may be opposed by the tenants, due to the
short time-perspective. Rents in Sweden are set in negotidiEtween
landlords and tenants’ representatives. This system hinderapplica-
tion of energy-efficiency measures. Most rental dwellingsl@ated in
multi-family structures (SCB 2008), and, due to the high shane-of
newable energy and low use of electrical heating in multifami
structures, this especially influences the reduction in gndegnand.
Hence, this may offer some explanation for the higher energypeise
kWh/mélyear in multi-family structures. Including energy efficignia
rent negotiations may be crucial for securing a reduction in groErg
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mand in rental dwellings. The lack of a common standard forratiag
the lifecycle costs of buildings, and not including energy efficy in
rent negotiations, are examples of how administrative barri¢ite gpre-
vent improved energy performance. This is in line with the daih
Mulder et al. (1999) on the importance of changes in organizagiots
management for radical technological change.

To conclude our discussion about the impact of supplier-demander link-
ages on the development of energy performance of buildings: even
though energy issues have not been important for building companies or
the consumers, the focus on energy performance discussed under the
Swedish cultural context has been integrated in values r@fergnces.
However, this leads to incremental substitution of fossil sfueith
renewable energy and reduction in energy demand, but works atyainst
introduction of radical improvements in these elements andstgtie
conversion from electrical heating to thermal energy.

5.3.4 Summary of the institutional approach

Figure 5.2: Influence of institutional factors on the improvemenof
energy performance of buildings, 2000-2006
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Figure 5.2 summarizes the influence of institutional facbarthe energy
performance of buildings from 2000 to 2006. These factors may be per-
ceived as the central elements of the path dependency whicldiffave
ing implications for diffusion of the technologies. Institutiorattors
have both promoted and prevented the improvement of energy perform-
ance of buildings during the period under study. These factoistare




60

Bente Beckstrgm Fuglseth

linked, as the cultural context influences values, preferemubpercep-
tions.

The substitution of fossil fuels with renewable energy has pbeamoted

by the focus on energy security and global warming. These issues ha
also influenced perceptions of oil, which again are intedrétethe
values and norms of suppliers and demanders. Thus, we see that all
institutional factors promote the substitution of fossil fueith renew-
able energy. This is also in line with the empirical finditiyst reveal a
significant amount of substitution during the period under study.

The very low CQ emissions from electricity production, the perception
of electrical heating, and supplier-demander linkages have aghiush
the conversion from electrical heating to thermal energy. In etbeds,

all the institutional factors have inhibited change in this .afezhno-
logical change that is in conflict with institutional faxg is likely to be
slow and incremental. The empirical findings support this, as weafind
minor increase in electrical heating during the period studied.

The reduction in energy demand is promoted by the cultural context, but
prevented by perception of technologies and supplier-user linKalgiss.
implies that the current path dependency promotes energy efficien
some degree, but a regime shift that could significantliyce energy
demand is prevented by both the perception of technologies and supplier-
demander linkages. The increased attention to climate change in 2006
may have broken this path-dependency, but this event occurred too
recently to affect the energy performance of buildings in thieg&000

to 2006.

5.4 The regulative approach

The regulative approach stresses the influence of formal anmédaws

on the improvement of energy performance of buildings. Regulations and
economic measures are important to ensure that measures that will lead to
the attainment of policy goals are carried out, even if theynareost-
efficient or for other reasons are not the first choiceragrsuppliers and
consumers. Conversely, the lack of such instruments may prevargehe

of technologies that are crucial for improving the energyoperdince of
buildings. Three regulative factors will be discussed herecypgbals,
regulations, and economic measures.

5.4.1 Policy goals

Policy goals can be perceived as the formalization of utigtits, as they

are a manifestation of the majority’s norms and values. Tdeals form

the starting point for the policy instruments discussed in thewioily
sections. A better understanding of pressing policy goals related to energy
use in buildings may help to reveal how they affect the alesnef
energy performance of buildings.

Policy goals have different implications for the three elgsef energy
performance of buildings, and it is the same emphasis as was show
the cultural context. It is the substitution of fossil fueith renewable
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energy sources and energy efficiency that are mentioned in goal
formulations — both the goals from 2001 and the revised ones of 2006.
After the reformulation in 2006, the goals for fossil fuels andrgy
efficiency were formulated in terms of accurate measimeseduction,
while the target for renewable energy sources is still vagetting exact
measures for the goals has also made them more ambitious. &loé us
measures in policy goals may yield more goal-directed pdtiay vague
formulations. The evaluation of the policy may also become more
accurate. As these goals were revised in 2006 it is not likely they
have had any effect as yet. However, they illustrate tlagtpolitical
emphasis on reduction in fossil fuels and on energy efficiency.

For reducing the reliance on electrical heating, there atenstitlearly
defined goals. The main focus is on energy efficiency and renewable
energy versus fossil fuels. This is also in line with oupieical findings,
as we have noted a substitution of fossil fuels with reneavatérgy and
a reduction in energy use, but not a conversion from electriaiheto
thermal energy. Converting from electrical heating to theenargy has
been an important objective (interview), but as long asishiet made
specific in goal formulations, the focus here is substantiailyet than
with the two other elements. However, if energy carrées weighted,
the conversion from electrical heating may be incorporated into the goals.

Thus we see that, although policy goals promote the substitutiossilf fo
fuels with renewable energy and reduction in energy demand, th&y ac
inhibit the conversion from electrical heating to thermal eneagythis
has not been made an explicit goal.

5.4.2 Regulations

Regulations are perhaps the most effective policy instrumenthey
mandate specific behaviours. However, as Scott (2001) stresaking

the rules is not enough: monitoring adherence, and the use abeantt

they are not followed, are also important elements. Buildingla&gns

are the most important regulations that affect energy peaioce. They

have primarily affected energy demand, as there are no requirements as to
choice of heating system or energy carrier.

It is widely believed that building regulations apply only to new buildings
(interviews). However, there are also requirements fotiegiduildings,

but, according to one interviewee, the law is not followed whengdoi
renovations. The reason is twofold: the law is unclear, and thecm
palities do not follow it up. The requirements for energy efficiency can be
imposed only on measures that lead to changes in the building, but the
current regulations do not specify or define what is considered as
‘change’ in a building (Ministry of Sustainable Development 2006 T
possibility for imposing requirements on the existing building stsck
available, but it is not practised. Measures to reduce emEngyand in

the existing building stock are of great importance, as sucttwtes will
constitute the majority Sweden’s building stock well into tneire . The
need for more accurate definitions is also recognized in therigment

bill from 2005, and the National Board of Housing, Building and Plan-
ning is currently working on new regulations for the existing biogdi
stock (interview).
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Building regulations may have varying formulations for measutirey
energy demand of a building. While the former regulations hadreequi
ments for energy loss through requirements for non-leakagenaunla-

tion (interview), the requirements of the new building regoest that
came into force in July 2006 are formulated in terms of energyeded

to the building (National Board of Housing, Building and Planning 2006).
The use of delivered energy as a measure allows for maelag, and
thinner insulation may be compensated for by energy-efficient wisdow
The focus is the result, not how this is achieved. Howea®rit is the
energy delivered that is used as a measure for energy defhesaid,
pumps may be used to lower the use for delivered energy, even though
actual energy use will be higher. The motivation for using the butpu

this case, delivered energy — as a standard, is that sucherequis do

not demand the use of a specific technology (Christiansen 2001). How-
ever, using delivered energy as a measure for the energy demand of
building gives advantages to technologies like heat pumps and solar
collectors, as they exploit energy from the surroundings and timstis
calculated in the energy statistics. The result is that théditgi
regulations in practice influence the choice of technoldlyyis not
longer possible to connect one- and two-family houses to distatinge

You have to use heat pumps.’ (interview)

It should be the same whether you get the enemy fnside or
outside the building. All losses should be includedall links.
That is what is wrong with the current building uésgions.
(interview)

Some claim that weighting the delivered energy may compefwateis
(Swedish Heat Pump Association and Swedish District Heatisgdkes
tion in Ministry of Sustainable Development 2005).

The implications of the new building regulations are in line vaith
empirical findings, as sales of heat pumps have increasedicagily
during the period. However, these regulations are unlikely to hade
any impact on energy performance during the period under study, due to
their recent implementation. But the differences in how tmédate the
requirements and measures for energy demand of a buildingaiustr
how regulations can be used both for promoting and for preventing the
improvement of energy performance of buildings. Even though new
buildings represent a very small portion of the total buildioglks they

will continue to stand for many years to come, so technologluzices
made in the course of planning, designing and construction will irtfiluen
the possibilities for improving energy performance in the l@nmt The
construction of new buildings provides the most opportunities for im-
proving energy performance, as also technological change ogstieens
level is possible. Hence, stricter building regulations few rbuildings
may have a significant influence of the energy performance itafitoys

in the long term. There are some disagreements of the impertd the
building regulations. According to one interviewee, building rettpria

are not a driving force, as it is possible to construct buildihgt use
significantly less energy. The way the current regulatioeadamulated,

it is possible to build as previously, and simply install athmump to
satisfy the requirements for delivered energy. On the other, Isamct
regulations may speed up the reduction in energy demand (interview).
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According to Kemp (2000) the use of bans is important for actgevi
radical technological change. A ban against direct elettnieating in

new buildings in Sweden was discussed in the government bill in 2001.
The National Board of Housing, Building and Planning made a report on
the potential consequences, but concluded that a ban would have high
socio-economic costs but lead to only a minor reduction in Eliégtnse

due to the low number of new buildings that have direct electrezting
(National Board of Housing, Building and Planning 2003b). For build-
ings with very low energy use due to energy-efficient buildiecht
niques, direct electrical heating is a cost-efficient afttve (Ministry of
Sustainable Development 2005). Thus, instead of a ban, the government
opted for stricter requirements for energy use for ome- tavo-family
houses with direct electrical heating as their main heamgce, and
financial support for converting from direct electrical heatiogother
energy technologies. As noted earlier, the choice of heatiatemsy
creates important framework conditions that influence the possibitities
improving energy performance in the future. Direct electricakihg is

not very flexible and may create lock-in in the long teashjt is expen-

sive and requires extensive work to change to a waterborne heating
system.

Regulations have therefore first and foremost acted to inhibithange
from electrical heating to thermal energy due to the lackbzraand the
new formulation of requirements. They also work counter talactén

in energy demand, as building regulations are in practice naedgpl

existing buildings.

5.4.3 Economic measures

Sweden has had a long tradition of using economic measures as an
instrument for moulding behaviour to meet policy goals. The various
economic measures may be divided into two groups: general taxes and
duties, and support directed towards specific technologies. Theae
sures are directed towards all the three elements of energy perforohance
buildings, as shown in Table 4.2.

According to several interviewees, taxes have been the mesrtant
measure for the substitution of fossil fuels with renewablergy. Taxes
are used to adjust the prices on energy carriers to gieatines for
using renewable and thermal energy. The, @R is seen as the chief
measure for promoting the use of bio-energy and district heamd,
makes exemptions for renewable energy carriers like bio-flaeter-
views). Sweden’s carbotax has increased during the period, thereby
providing additional incentives for substituting fossil fuelih renew-
able energy catrriers.

Also the tax on electricity used for heating has increaseohgluhe
period, but our empirical findings indicate that it is stk tigh enough
to compensate for the low investment costs of electricalngean new
buildings and the installation of air-to-air heat pumps in existintgd-bui
ings. To hasten the conversion from electrical heating to thesnsabyy,
this tax must be raised, so as to provide sufficient incentives.
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Support arrangements for investment are important for technsltuae
have a long payback time or are not profitable. Support foallimgt
solar collectors was introduced in 2000 — and in that year, salekedoub
(Ministry of Enterprise, Energy and Communications 2007:5). Tins s
port has made solar collectors competitive and may help taiexpe
significant increase in solar collector systems sold from 20602006
(interview). There has also been a support arrangement for chéruying
oil to district heating or rock/ground/water heat pumps in one-twoe
family houses. However, a report from the Energy Markets Insfzet
(2007) concludes that support arrangements for substituting thl wi
renewable energy have had only minor effects, as the oil-bastsmnsy
would have had to be replaced anyway due to the high age lobithes.
Things have merely been speeded up.

There is also support for converting from direct electriczhting to
thermal energy. The Energy Market Inspectorate (2007) is pusitive

to this arrangement than the former, because such conversiery iex-
pensive, as a waterborne heating system is necessatyeAdame, the
support may be too low to compensate for the high costs of installing
waterborne heating system (Energy Market Inspectorate 2007).

There is some scepticism to support arrangements of s &g they
favour specific technologies at the expense of others (ietgyviEven

the branches that promote the use of the technologies that Heorafit
these arrangements are sceptical (Energy Markets Inspiect2006).

The use of general taxes seems preferable to support foficpech-
nologies because support arrangements may cause unfair competition
giving benefits to some technologies at the expense of others. With a
system of general taxes, it is up to the market to decidehwhchnol-
ogies to use (interview). However, as the support arrangemenbolir
collectors has shown, such support may be vital to ensure thedalifffsi
less-known technologies involving high investments. A long-term sup-
port policy may be crucial if the goal is to establish #&hhologies and
create the foundations for further growth in the future. Othervifee
market may become too unpredictable: volumes will continue toasere

as long as the support exists, but once the support is withdfzvn t
suppliers will sit there with leftover capacity (interview).

Support arrangements for energy-efficiency measures may be amport
for reducing energy use in existing buildings. However, support fdr suc
measures is currently limited, which may have worked agaimstduc-

tion in energy demand. The ‘million programme’ houses are now in need
of renovation. Swedish Housing companies have asked for support for
renovating these houses, but they are left to pay the bill dteess
(interview). Renovation of these buildings will have a longateffect

due to large number and the considerable extent of the renovations
necessary because of the poor present condition of theseirssudt is
possible to reduce energy demand significantly with thicker atisul

and energy-efficient windows, and even more by applying passive house
standards. The lack of policy instruments directed to ensthiengnergy-
efficient renovation of these buildings may prevent improvemaerttseir
energy performance. Building regulations would be the mostiexifi
instrument if the requirements for energy demand also had bedeadappl
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to renovations of existing buildings. Also support for energy-effic
renovations could promote the implementation of such measures.

Thus we see that economic measures have promoted the substitution from
fossil fuels with renewable energy as the prices on the wroangiers

have been altered in favour of renewable alternatives. Wittehigxes,

the substitution rate might also have been higher. This is iaipdbe

case for the tax on electricity used for heating: this a0 low to
compensate for the lower investment costs for electricaingea#lso the

lack of sufficient support arrangements works against the csiower
from electrical heating to thermal energy and reduction in gnerg
demand.

5.4.4 Summary of regulative factors

Figure 5.3 summarizes our discussion on the implications of tagula
factors on the development of energy performance of buildings from
2000 to 2006. Both policy goals and taxes have promoted the substitution
of fossil fuels with renewable energy. Whereas supporhgeraents are
limited to a minority of the buildings, taxes apply for all and givelibst
effects on aggregate level.

Figure 5.3: Influence of regulative factors on the improvementfo
energy performance of buildings, 2000-2006
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Converting from electrical heating to thermal energy is inkibiby all
the factors. There are no policy goals directed towards this ewd, a




66

Bente Beckstrgm Fuglseth

existing taxes and support arrangements are too low to outweighwthe |
investment costs of installing electrical heating in newdings and the
high costs of changing to a waterborne heating system in existituy
ings. The change from electrical heating could be speeded up byoa ban
direct electrical heating in new buildings, but this has nom Ipeditically
acceptable. The new building regulations will prevent the ceiorefur-
ther, because using delivered energy as a measure of energ@ydieii
promote the use of heat pumps.

Reduction in energy demand is promoted by the policy goals, but pre-
vented by the regulations and economic measures. Building regslatio
are the most important measure to reduce the energy demanddsf bui
ings. The objective of these regulations is to ensure traggmemand
does not exceed a certain limit. However, it is possiblebstcuct new
houses with a significantly lower energy demand than the buildmng re
lations require. In that sense, the building regulations mayhaecter-

ized as ‘technological freezing’ as they do not provide incentiveso
further than what is required. Because they are not appliegistng
buildings, the effect of the regulations is further limited. Ré&duocin
energy demand is also prevented by the lack of support for energy-
efficient renovations.

5.5 Co-existence and mutual influence of the three
approaches

Figure 5.4 summarizes our empirical findings and analysis. Al t
factors have promoted the substitution of fossil fuels witihewable
energy. This is also in line with our empirical findings, asstuiion has
clearly increased during the period under study. The existing t@zhnol
gical system has been favourable and energy prices have promoted
renewable energy technologies. In addition, the cultural cohtextalso
emphasized this substitution, which has again affected the tiggula
factors: policy goals, taxes and support arrangements to promoteusubsti
tion. Of course, if all these factors had been stronger, uhstitution
could have been greater. Nearly one-fifth —19% — of the energy osed f
heating in Sweden still comes from fossil fuels, and compldistisution
may require stronger pressure. The techno-economic factors faraltdif

to change, except for altering the prices on energy carrierseahdaio-
gies to promote higher rates of substitution. This may be doneiBas-

ing taxes, and the influence of regulative factors on the teogical
ones is shown with an arrow in Figure 5.4. Hence, it is the institlitiona
and regulative factors that are most important for increatiegéte of
substitution.

Converting from electrical heating to thermal energy is inkibiby all
the factors. As discussed earlier, the existing technologicansyseates
certain framework conditions for the possibilities for improvitige
energy performance of buildings. In particular, these facbssruct the
possibilities for converting from electrical heating to thalk energy. The
technological context, the high share of nuclear power and low ehare
fossil fuels in electricity production all influence the indibnal factors
and the perception of electrical heating. However, the institatifactors
influence the development of the existing technological systémhw
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will form the technological context in the future. Institutibfectors also
influence the regulative factors: the policy goals and theuimgnts. The
mutual influence of the various explanatory approaches meangltha
factors work against the conversion from electrical heatintheéomal
energy. The Swedish cultural context has influenced the shapitige
existing technological system, which again affects perceptiohs
technologies and supplier-demander linkages, and spreads fiartter

regulative factors.

Figure 5.4: Factors promoting and preventing the improvement of
energy performance of buildings in Sweden, 2000-2006
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For reducing energy demand, the existing technological systesn set
certain limits in the existing building stock. However, the retion of
houses to passive house standard shows that it is possible teeachie
significant reduction in energy demand also in the existing building stock.
But as the alteration of existing buildings demands sizeabletmeass,

the long payback time prevents such measures from being catted
Despite the scepticism towards passive houses and the low gmpha
energy efficiency among demanders and suppliers, reduction in energy
demand has now become integrated in the cultural context. Also the
institutional and regulative factors have promoted reduced ynerg
demand. The Swedish cultural context has influenced such tiggula
factors as policy goals, energy taxes, support arrangements daiddoui
regulations. Building regulations have been important for redutiag
energy demand, but the new ones from 2006 will act against thibeAs
new and old building regulations existed side by side in 2006, it is not
likely that they have prevented reduced energy demand in thedperi
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studied. Still 1 have chosen to assess the influence of thdatee
factors as inhibiting a reduction of energy demand. This is dubeto t
existence of building regulations that set requirements foggrkmand
when alterations are made to existing buildings. As measutas exist-
ing building stock are very important for improving the energygper
ance on an aggregate level, the non-application of these tiegsilss an
important barrier for reducing energy demand.

However, our empirical mapping shows that energy use in buildings has
been reduced during the period under study. There may be several rea
sons why this has happened despite the various barriers dischesed a
One reason can be found in the difference between deliveregyera
energy demand. The significant increase in the use of heat pumps during
the period can explain some of the reduction in delivered enesdyea
pumps have no effect on energy demand, but reduce the need for
delivered energy by two-thirds. This corresponds with the fact that almost
all heat pumps can be found in one- and two-family houses — the type of
building that has also had the greatest reduction in energynusedition
delivered energy is not only a result of energy demand, butses a
influenced by the behaviour of the people living in the buildings. Agroth
explanation may be that while all the factors act to preveradaal
reduction in energy demand, they do promote incremental improvements.

Our discussion of the mutual influence of the technologicalitutishal

and regulative factors has emphasized the importance of teghuad
trajectories and path-dependency for technological change. These tw
concepts are interlinked, and work to prevent changes outsidsttie e
lished trajectory or path. According to Rosenkopf and Tushman (1994) i
is not the techno-economic factors that determine the choice among
several alternatives, but institutional factors. For improuimg energy
performance of buildings, techno-economic factors have proved to have
significant importance, both as barriers and as driving fotdesiever,

as noted earlier, there is still a considerable potentialinfiproving
energy performance within the existing technological regimégviiaig

the current trajectory and path. If there is to be widesptse of passive
house principles in new constructions and in renovations, howewer, thi
will require the development of a new technological trajectory and pat

5.6 Summary of the analysis

The analysis has discussed the influence of each of the explana
approaches and how these have influenced and strengthened each other.
The technological, institutional and regulative factors have fmend to
promote as well as prevent improvements in energy performahee. T
substitution of fossil fuels with renewable energy is prombtedll the
factors, while the conversion from electrical heating isgmeed by all of
them. This is also in line with our empirical findings: the $itlison of
fossil fuels with renewable energy has been improved most, whiles¢éhe
of electrical heating has increased. On the other hand, enezghags
decreased in spite of the various techno-economic, the institudodal
the regulative barriers.
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6 Conclusion

My motivation for studying energy use in buildings was that buildings are
responsible for a significant proportion of total energy use andatdim
gas emissions. Already there exist a wide range of technsltgié may
improve the energy performance of buildings. However, the mere exis
ence of a technology is not sufficient for it to be used: and mareretiff
factors influence the possibilities for improving energy perforcea
Sweden’s building sector was chosen as a case to explore thiess. fac
The background for studying the energy performance of Swedish build-
ings was the interesting context provided by the mixed enenggtste

and ambitious climate goals.

This report has aimed at studying the development of energy performance
of Swedish buildings from 2000 to 2006. The first research question
focused on characterizing this development, while the secondalesea
guestion inquired into the factors that had acted to promote oerrev
improved energy performance of buildings during the period under study.

6.1 Characterization of the development of energy
performance

The report has used a threefold understanding of energy performance of
buildings, stressing the substitution of fossil fuels withergable energy,

the conversion from electrical heating to thermal energy, ahcttien in
energy demand. Our empirical findings show that there has been a sub
stitution of fossil fuels with renewable energy and a reduodt energy

use — but not a conversion from electrical heating to thermal energy. One-
and two-family houses have had the most significant improvenoent f
substitution and reduction, while multi-family structures are the gply t

of building to have converting from electrical heating to théremergy.
Non-residential buildings have a similar energy structure anmuiowve-

ment as multi-family houses, but have had a small increaskedtricity

used for heating.

The diffusion of technologies that affect the development ofggne
performance of buildings has been categorized as changes at component
versus changes at system level. Changes at component leweidame

stood as the substitution from one energy technology to another, while
changes at system level demand switching of heating systemts. T
different heating systems exist within the current technolbgegime,

direct electrical heating and waterborne heating systems.evtowa

third heating system has been introduced in Sweden under the period of
study: the passive house concept. By applying specific principtes
constructing and renovating buildings the energy demand is reduced to a
minimum and none of the two traditional heating systems are required.

The substitution of fossil fuels with renewable energy meguchanges
only at the component level like the changeover from an oil ibtula
pellets boiler or district heating. This is because buildithgs substitute
from oil to other energy carriers already have a waterboragnigesys-
tem. Hence, changes at system level are not necessary.ieEhebr
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technological change states that changes at component level areqaerceiv
as less fundamental and are most easy to implement (Unruh 2082). Th
is supported by the empirical findings as the greatest impreveof
energy performance under the period of study has been on component
level for substituting fossil fuels with renewables. Dependingthe
existing heating system, the conversion from electrical heatiag on

the other hand also demand changes at system level. For baiVditig
waterborne electrical heating changes at component level fisiesutf

e.g. from an electrical boiler to a pellets boiler. However dingls that

have direct electrical heating the options for improving thegsnper-
formance on component level are limited. It is possible t@alirar-to-air

heat pumps, but this will only reduce the electricity use by 15-30%
(Johansson et al. 2005:1390). For achieving a completely conversion a
waterborne heating system must be installed. Also reduction igyener
demand may be achieved by both changes at system level and component
level. Components like energy efficient windows and insulatiolh wi
reduce the energy demand to some degree, while system changes by
applying passive house principles will give significantly é&etnprove-

ment. However, changes at system level are perceived a&s fomata-
mental and are more difficult to implement according to Unruh (2002
This is in line with the empirical findings as there has lbe¢n a con-
version from electrical heating to thermal energy and onbwagfassive
houses have been constructed from 2000-2006.

The two heating systems that co-exist within the current téotcal
regime — direct electrical heating and waterborne heatisigrsg — have

very different potentials for improving energy performance. Wdgere
waterborne heating systems allow the use of all renewabl¢hanaal
energy carriers, direct electrical heating locks energgy to electricity.

On the other hand, the improvements gained by applying the passive
house concept far exceed the benefits involved in improving existing
heating systems. In spite of the few passive houses condtrinota
2000-2006, the introduction of the first passive houses in Sweden repre-
sents a new technological regime as this is a radicalweyof con-
structing buildings. However, the empirical findings reveal titmprove-

ment in energy performance during the period under study has mainly
taken place within the existing technological regime, and capebe
ceived as a continuation of earlier trends.

6.2 The explanatory approaches

Three different explanatory approaches have been derived framethe

of institutions and technological change: techno-economic, inetitlti

and regulative. These approaches have been used to explore driving
forces and barriers to improved energy performance of hg#din
Sweden from 2000 to 2006. They stress different factors as impfwtant
achieving technological change and constitute thereforeaa yasis for
analysing energy performance of buildings. By first discusshmey
approaches separately and then their mutual influence and caiegijste
the report has sought to provide an overall understanding of theesompl
technological system of energy performance of buildings.
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The techno-economic approach focuses on the inherent attributes of t
existing technological system and the technologies that afieetgy
performance of buildings. The key to understanding the diffusion of
technologies may lie in the technologies themselves and how these
attributes match the physical infrastructure provided in tbleniglogical
system. Three factors have been explored: physical infrastuettiri-
butes of the technologies, and prices and costs. The physical infr
structure is the result of previous technological develop@edtconsti-
tutes an important framework for technological change. Bothxisérey
heating systems and how the buildings are constructed (e.g. imsulat
and tightness) give different possibilities for improving tinergy per-
formance. Also the importance of building type has been discussed. The
analysis concludes that type of building is affecting the oppibitg for
reducing the energy demand as multi-family structures haignéicant
lower energy use per dwelling then one- and two-family houses. One
important attribute that differ among the technologies &rganinput.
Whereas solar collectors and bio energy are completely rueneyvable
energy, fossil fuels are energy input in district heatingesys and elec-
tricity production. Even though there has been a substitution from fossi
fuels with renewable energy in the district heating producsth,16%
fossil fuels remain. Energy input in heat pumps may also prevent im
proved energy performance as electricity is needed to extracheat
from the surroundings. If heat pumps replace oil the elegthigied for
heating will increase, while it will decrease if therf@r energy carrier
was electricity. Prices and costs for energy carriex$ #@chnologies
differ significantly and favours renewable energy. However |dhein-
vestments for electrical heating make this an attradtating alterna-
tive, especially for buildings with low heating demand. The cormiusf

the influence of the techno-economic factors is that they haledpil

the same direction, working to promote the substitution of fdasls
with renewable energy, while acting against the conversan &lectri-

cal heating to thermal energy and against a reduction in energy demand.

The institutional approach stresses that the importance of noates,
cognition and culture for technological change. Such factors are
especially important for complex technological systems lie¢ studied

in this report. Institutional factors explored here are tiwedssh cultural
context, perception of technologies, and supplier—demander linkages. The
Swedish cultural context has developed over time and given differe
meanings to energy performance of buildings. Two important ishaes t
have had influenced the motivations for improving the energy perform
ance are decommissioning of nuclear power and climate change. The
concern for global warming has first and foremost had imptinatior

the use of fossil fuels, but also led to increased acceptancaudterar
power and electrical heating. Hence, the cultural framewog iha
fluenced the perception of technologies. There are sceptiegainst
some of the renewable technologies like solar collectors &tdct
heating, but as several other alternatives to fossil fewakst this is not
preventing the substitution from fossil fuels. However, the aswd
acceptance for electrical heating and absence of focusesgyeguality

is a barrier to conversion from electrical heating to tla¢remergy. The
exploration of the last institutional factor, supplier-demandekaljes
reveals that neither the suppliers nor the demanders haveyhagecial
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interest in energy performance. Due to high demand for buildings and
lack of common standards to calculate cost in a long-term pedkapect
improved energy performance is prevented. Our analysis conchates t
while the Swedish cultural context have promoted substitutiomssilf
fuels with renewable energy, has converting from electricatirg to
thermal energy been inhibited by all three factors. Reductianéngy
demand is promoted by the cultural context, but prevented by the two
other factors.

The regulative approach stresses how formal rules and ldew #ie
energy performance of buildings. This approach both includes tmalfo
goals and the policy instruments that shall effect socialgdhdo attain
these goals. Three regulative factors have been identifiduisirstudy:
policy goals, regulations, and economic measures. While theremre c
crete and ambitious goals for reduced use of fossil fuels anelasent
energy efficiency, there are no specific goals for conversmm elec-

trical heating to thermal energy. The lack of the latteicatds that the

use of electricity for heating is not perceived as a majoblpm. At the
same time are the energy taxes on electrical heating andufipert
arrangements for conversion from electrical heating to themeadjg not
sufficient to compensate for the lower investment costs fectrtal
heating. For the substitution of fossil fuels with renewable entrgy
carbon tax on fossil fuels have been important as the price onyenerg
carriers have been altered to favour renewables. Suppartgaments
have also been favourable, especially for less diffused texgiasllike
solar collectors. The building regulations are first and forémfbecting

the energy demand of buildings. However, they are only applied on new
buildings even though requirements for altering existing buildings a
exist. In addition, as it is possible to construct buildings wighificant
lower energy use then what is required, the current regulations are
preventing a radical reduction in energy demand. Hence, wetlstd
policy goals and economic measures have promoted the substitution of
fossil fuels with renewable energy. Also here, all the fadbave worked
against the conversion from electrical heating to thermatgy, while
reduction in energy demand is promoted by the policy goals but pre-
vented by regulations and economic measures.

The techno-economic, institutional and regulative factors have had a
mutual influence on each other, and the effects have spreadtfre
techno-economic factors to the institutional and further ta¢gelative

and thus become reinforced. Technological trajectories and path-
dependency are interlinked and promote the same development:a radic
substitution of fossil fuels with renewable energy, incremeetlation

in energy demand, and against conversion from electrical hetating
thermal energy.

6.3 Theory implications and the need for further research

By applying three explanatory approaches and separating thesftwor
influence the development of energy performance of buildings ntdg-a

sis has provided a clearer view of the driving forces andebaro the
diffusion of relevant technologies. Understanding the factorsintfiat

ence technological change is important for understanding a complex
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technological system as the one of energy performance ofrigsldrhe
contextualization of technological change is important for an jrhde
study of the complex factors that influence the diffusion of tecyies.
Technological capability is an important element in this corgext is
influenced by both the physical infrastructure and the spedtfidutes

of the technologies in question. Our analysis has revealeégpacially

the physical infrastructure and the attributes of the technolatagdock

in some technologies and lock out others. These physical factonsoae
difficult to alter than prices and costs, as they can be affdmye for
example, taxes and support arrangements. While the techno-economic
and the regulative factors are more definite as they aterialized
through physical objects and structures and written laws andatiems,

the institutional factors are the cognitive and normatystems that
determine our perceptions and interpretations. However, though they are
more difficult to uncover, such institutions are significant they
influence the techno-economic physical structures as weheawritten
regulative elements.

The report thus gives support to the considerable emphasis itutiorss

in theories of technological change. It is not first and foremost the techno-
economic factors that prevent the improvement of energy performance, as
there exists several cost-efficient technologies that mgyove the
energy performance of buildings significantly. The perceptioprob-

lems and solutions are essential to the selection of temdiasl The
institutional approach stresses that what is technologipalgibleto do

may be completely different from what is considevemtthwhileto do.
These factors are crucial for technologies that requieali@al change to
gain ground. Technological change that conflicts with establiststitLin
tional factors, like converting from electrical heating terthal energy,
requires changes in these institutions in order to achimpeovement.
While the techno-economic factors are difficult to change botthart

and the long term due to the long lifetime of buildings, therebatter
possibilities for changing the institutional and regulativetdes. How-
ever, this is by no means an easy process. Neverthelesstiit neces-
sary.

In the process of examining the field of energy performandeiédings

and writing this report, several related issues have emef@ee im-
portant question is how much of the energy use of building depends on
the energy performance of the building itself and how much depends on
the behaviour of the people who live there. Exploring this icglship

has been beyond the scope of the current report, but may be both
theoretically and empirically important.
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Appendix 1: Interviewees

Martin Storm, National Board of Housing, Building and Planning,
Karlskrona, 24 October 2007

Lars Anden, Solar Energy Association of Sweden, Falkenberg, 23
October 2007

Kent Nystrém, Swedish Bioenergy Association (Svebio), Stockholm,
16 November 2007

Peter Roots, Swedish Heat Pump Association (Svep), Stockholm, 12
November 2007

Ake Skarendah, CERBOF, Stockholm, 13 November 2007

Danielle Freilich, Swedish Construction Federation (BIl), Stogkhol
13 November 2007

Mikael Gustafsson, District Heating Association, Stockholm, 16
November 2007

Michael Rantil, Swedish Energy Agency, Stockholm, 13 November
2007

Per Lilliehorn, The Energy Alliance, Stockholm, 15 November 2007
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Appendix 2: Interview guide

Introductory questions

Energy

Could you please start by telling about your background, your
role and your work?

Could you briefly tell about the development of energy use of
buildings in Sweden?

policy

Is improving the energy performance of buildings an important
policy goal? How is this expressed?

In what way does energy policy promote the use of technologies
that improve the energy performance of buildings?

In what way does energy policy prevent the use of technologies
that improve the energy performance of buildings?

Which policy instruments do you think are necessary but have
not been used?

Which economic measures have been important and in what
way? Which are lacking/are too weak?

Which regulations have been important and in what way? Which
are lacking/should be stricter?

Techno-economic factors

Which are the most important technological barriers?

What are the advantages of technologies that promote the energy
performance of buildings?

Are any of the technologies better/worse than others?

Can the technologies satisfy the needs of the users?

What are the most important economic barriers to their being
used?

What changes are required? Is the demander or the supplier side
more important?

Institutional factors

What are the most important attitudes among (politicians,
building companies, users)?

What conflicts of interest conflicts exist?

Have there been any changes in values or preferences?

What are the attitudes towards nuclear power today, and how
does this affect the thinking on energy performance of buildings?
Are any of the technologies more/less accepted than others?
What are the motivations for improving energy performance?
(energy security, economy, climate change)

Have any actors been more important than others?

Concluding questions

What would you identify as the most important barrier to
improved energy performance of buildings?

What would you identify as the most important driving force
behind improved energy performance of buildings?

Is there anything you would like to add?
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Appendix 3: Renewable and fossil share of energy
used for heating®

Renewable share of energy used for heating buildings,
2000

Share of renewable energy of total electricity productfon:
(water power 77.8 TWh + wind power 0.5 TWh + bio-energy 4.913) /
(total net production 142 TWh) = 0.5959%

Share of renewable energy of total district heating produfttigio-
energy 23.8 TWh + heat pump 4.4 TWh x 0.59 + electrical boilers 1.2
TWh x 0.59 + waste heat 4.6 TWH) / (total energy input for district
heating = 55.4) =0.74 74%

One- and two- Multi-family Non-residential
. . Total

family houses structures buildings
Bio-energy® 9.7 TWH 0 TWH 0 TWH 9.7 TWh
Total district heating 2.7 TWh 21.5 TWh 14.9 TWh B®TWh
Renewable share 74% 74% 74% 74%
Total renewable district heating 1.998 TWh 15.91HrW 11.026 TWh 28.93 TWh
Total electricity 14.9 TWh 1.8 TWh 3.9 TWh 20.6 TWh
Renewable share 59% 59% 59% 59%
Total renewable electricity 8.791 TWh 1.062 TWh @AIWh 12.15 TWh
Total renewable 20.5 TWh 17.0 TWh 13.3 TWh 50.8 TWh
Total energy used for heating 39.9 TWh 27 TWh Z3Nh 90.6 TWh
Renewable s_hare of total energy 51% 63% 56% 56%
used for heating

2 The calculations have been done using the sameonheis National Board of

Housing, Building and Planning (2007)
% swedish Energy Agency 2007a:20-21
% swedish Energy Agency 2007a:24-25

% The rest of the figures: Swedish Energy Agency &©B 2003a:2 and

2007a:2
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Fossil share of energy used for heating buildings, 2000

Share of fossil fuels of total electricity production

Bente Beckstrgm Fuglseth

(oil 3.3 TWh + natural gas 0.5 TWh + LPG 0.3 TWH + Coal 3.7 TWh) /
(total net production 142 TWh) = 0.055%

Share of fossil fuels of totally district heating production
(oil 30 TWh + natural gas 2.5 TWh + coal 2.4 TWh + heat pumps 0.4
TWH x 0.05 + electrical boilers 0.1 x 0.05) / (total energy input for

district heating = 55.4)=0.18 18%

One- and two-

Multi-family

Non-residential

family houses structures buildings Total
Oil 12.3 TWh 3.4 TWh 4.6 TWh 20.3 TWh
Natural gas 0.3 TWh 0.3 TWh 0.3 TWh 0.9 TWh
Total district heating 2.7 TWh 21.5 TWh 14.9 TWh .B®TWh
Fossil share 18% 18% 18% 18%
Total fossil district heating 0.486 TWh 3.87 TWh 6&2 TWh 7.04 TWh
Total electricity use 14.9 TWh 1.8 TWh 3.9 TWh 20Wh
Fossil share 5% 5% 5% 5%
Total fossil electricity 0.745 TWh 0.09 TWh 0.19%vh 1.0 TWh
Total fossil fuels 13.8 TWh 7.7 TWh 7.8 TWh 29.3 MW
Total energy for heating 39.9 TWh 27 TWh 23.7 TWh 0.69TWh
Fossil share of total energy used 3506 28% 33% 3206

for heating
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Renewable share of energy used for heating buildings,

2006

Share of renewable energy of total electricity production
(hydropower 61.2 TWh + wind power 1 TWh + bio-energy 10.87)/(total
net production 140.1 TWh) = 0.5252%

Share of renewable energy of total district heating production
(bio-energy 36.2 TWh + heat pump 2.9 TWh x 0.59 + electrical boilers
0.2 TWh x 0.52 + waste heat 4.6 TWH) / (total energy input for distri

heating = 55.4) =0.79 79%

One- and two- Multi-family Non-residential
. g Total

family houses structures buildings
Bio-energy 8.8 TWh 0.2 TWh 0.5 TWh 9.5 TWh
Total district heating 4.7 TWh 22.4 TWh 14.7 TWh .81 TWh
Renewable share 79% 79% 79% 79%
Total renewable district heating 3.713 TWh 17.70ATW 11.61 TWh 33.022 TWh
Total elelctricity 15.3 TWh 1.5 TWh 3.9 TWh 20.7 AW
Renewable share 52% 52% 52% 52%
Total renewable electricity 7.956 TWh 0.78 TWh BRA2NVh 10.764 TWh
Total renewable 20.5 TWh 18.7 TWh 14.1 TWh 53.286hT
Total energy use for heating 32.4 TWh 26.1 TWh ZW¢h 79.7 TWh
Renewable share of total energy 63% 7206 67% 67%

used for heating
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Fossil share of energy used for heating buildings, 2006

Share of fossil fuels of total electricity production

Bente Beckstrgm Fuglseth

(oil 2.5 TWh + natural gas 0.9 TWh + coal 3.7 TWh)/(total net

production 140.1 TWh) = 0.05 5%

Share of fossil fuels of total district heating production
(oil 3.2 TWh + natural gas 2.2 TWh + coal 3.4 TWh) / (total energy input
for district heating = 55.4) =0.16 16%

One- and two-

Multi-family

Non-residential

family houses structures buildings Total
Oil 3.4 TWh 1.5 TWh 1.6 TWh 6.5 TWh
Natural gas 0.3 TWh 0.3 TWh 0.4 TWh 1 TWh
Total district heating 4.7 TWh 22.4 TWh 14.7 TWh .81 TWh
Fossil share 16% 16% 16% 16%
Total fossil district heating 0.752 TWh 3.584 TWh .322 TWh 6.688 TWh
Total electricity use 15.3 TWh 1.5 TWh 3.9 TWh 20Wh
Fossil share 5% 5% 5% 5%
Total fossil electricity 0.77 TWh 0.075 TWh 0.19%Vh 1.035 TWh
Total fossil fuels 5.2 TWh 5.5 TWh 4.5 TWh 15.228/
Total energy used for heating 32.4 TWh 26.1 TWh .2ZWh 79.7 TWh
Fossil share of total energy used 16% 21% 21% 19%

for heating
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Appendix 4: Energy used for heating, by energy
carrier and building type, TWh and percentage$’

One_— and two- Multi-family Non-r_es_idential Total
family houses structures buildings
2000 2006 200d 2006 2040 2006 2000 2006
Bio-energy 9.7 8.8 q 0.2 D 05 9|7 9.5
Electrical heating 14.9 158 18 1({5 3.9 3.9 2p.6 0.72
Qil 12.3 34 34 1.5 4.4 1.6 20J3 6|5
Natural gas 0.3 0.3 0.8 0f3 03 g.4 0.9 1
District heating 2.7 4.7 215 2214 149 14.7 3p.1 1.84
Total energy used for heating 399 32.4 27 26.1 723 212 90.6 79.5
fOne_— and two- Multi-family Non-r_es_idential Total
amily houses structures buildings
2000 2006 200d 2006 2040 2006 2000 2006
Bio-energy 24% 27% 0% 1% 0% 2% 11% 12%
Electrical heating 379 47% 7% 6% 16% 18% 28% 2/6%
Qil 31% 10% 13% 6% 19% 8% 22% 8%
Natural gas 1% 19 1% 1% 1% 20 1% 1%
District heating 7% 159 80% 86% 6306 69% 43% 58%
Total energy used for heating 100% 100% 100% 99% 0%D 100% 100% 1009

%" Figures for 2000: Swedish Energy Agency and SCB3A®, figures for 2006:
Swedish Energy Agency and SCB 2007a:2



Appendix 5: Energy use per heated area and
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dwelling®®

2000 2006 Change
Total heated area, M 596 000 000, 580 500 000 -3%
One- and two-family houses 257 200 000 262200000 2%
Multi-family structures 168 400 00D 163 100 0p0 -3%
Non-residential buildings 170 400 000 155 200 000 9% -
Total energy used for heating, kWh 90 600 000 00Pp 790 000 000 -12%
One- and two-family houses 39 900 000 goo 32 4@00uD -19%
Multi-family structures 27 000 000 00p 26 100 0@D{ -3%
Non-residential buildings 23 700 000 0(|)0 21 200 000 -11%
kwh/m?/year 152 137 -10%
One- and two-family houses 155 124 -20%
Multi-family structures 160 160 0%
Non-residential buildings 139 137 -2%
Number of dwellings 3990 000 4 435 90B 11%
One- and two-family houses 1568 0p0 2018 093 29%
Multi-family structures 2422 OO(P 2417 810 0%
Energy use per dwelling, kWh 22707 17967 -21%
One- and two-family houses 25446 16055 -3V %
Multi-family structures 11148 10795 -3%

2 Figures for 2000: Swedish Energy Agency and SCBR215,16,17
Figures for 2006: Swedish Energy Agency and SC®7a016,17,18



Appendix 6: Energy use in buildings constructed a#r
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200G°
Kwh/m2/year
One- and two-family houses 121
Multi-family structures 126
Non-residental buildings 122
One- and two- Multi-family Non-residential
family houses structures, buildings,
number of houses number of flats/units heated area, m
Electrical heating 21 000 - 300 000
Electrical heating and bio-energy 7 000 - 100 000
Only bio-energy 1000 - -
ground/seal/rock heat pump 3000 - -
ground/seal/rock heat pump and bio-energy 2000 -
ground/seal/rock heat pump and bio-energy 1000 -
District heating 5000 36 000 2800 000
Others 2000 7 000 1300 000
Natural gas - 2000 -
Total 42 000 45 000 4 500 000
One- and two- Multi-family Non-residential
family houses structures, buildings,

number of houses

number of flats

heated area

Direct electrical heating 5% - -
Waterborne electrical heating 45% - 7%
Electrical heating and bio-energy 17% - 2%
Only bio-energy 2% - -
ground/seal/rock heat pump 7% - -
ground/seal/rock heat pump and bio-energy 5% - -
ground/seal/rock heat pump and bio-energy 2% - -
District heating 12% 80% 62%
Others 5% 16% 29%
Natural gas - 4% -
Total 100% 100% 100%

29 One- and two-family houses: Statens energimyndigble SCB 2007b:11

Multi-family houses: Statens energimyndighet o€&B007c¢:12

Non-residential buildings: Statens energimyndigiwt SCB 2007d:18
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Appendix 7: Energy input for district heating, 197Q

2000, 2006, TWH®

1970 2000 2006
Qil 14.3 2.9 3.2
Natural gas 25 2.2
Coal 2.4 3.2
Bio-fuels 0.3 23.8 36.2
Electrical boilers 2.1 0.3
Heat pumps 7.5 5.6
Waste heat 4.6 4.6
Total 14.6 45.8 55.3
Oil 98% 6% 6%
Natural gas including LPG 5% 4%
Coal, including coke oven gas, b-f gas 5% 5%
Bio-fuels, waste, peat etc 2% 52% 65%
Electric boilers 5% 1%
Heat pumps 16% 10%
Waste heat 10% 8%
Total 100% 100% 100%

% statens energimyndighet 2007a: 24-25
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