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Preface

The Green Markets and Cleaner Technology project targeted the envi-
ronmental innovation issue. The areas has been highlighted in recent
years, not least in the Nordic countries, as one important path for sustain-
able growth and simultaneously make use of the developments and the
gained knowledgebase that has followed a stringent environmental pol-
icy. In essence it demonstrates the need of combining the policy areas of
innovation, economic growth and environmental protection. This GMCT
project is one of an array of different approaches within the field but with
the specific focus on environmental performance of products and proc-
esses related to common products and sectors that primarily don’t operate
in the traditional environmental technology area. The aim of the project
has been to learn from real cases, successful innovations in existing com-
panies, in sectors where the Nordic industry has a strong environmental
position order to analyze the innovation system. The closely studied sec-
tors are pulp and paper, mobile phones and buidings. Ultimately, the re-
sults should be possible to extrapolate and translate in policy recommen-
dations that could strengthen both the studied sectors per se and the de-
velopment of emerging environmental technologies, such as biotech,
nano-technology, micro electronics, etc. We believe that not least the
analytical model for understanding opportunities for policy intervention
in the innovation system could be a useful tool for future actions and the
interplay between innovation and environmental policy. Currently, it
seems like that connection and coordination is weak.

This report describes the innovation system in the Nordic building
sector and is the summary of findings from investigations conducted in
2005-2007. Far from all details have been included in this report — much
of the background work has been reported in two theses, a handful of
articles and conference presentation and one Nordic building sector work-
shop. Thus, there is much more to digest for the eager reader.

The GMCT project is truly Nordic and has been conducted in co-
operation with Risg National Laboratories and Department of Develop-
ment and Planning, Aalborg Uninversity, Denmark, the Finnish Envi-
ronment Institute SYKE, Finland and the International Institute for Indus-
trial Environmental Economics IHIEE at Lund University. The latter has
also been the leading part and responsible for this report. We would like
to thank all partners and, of course, the Nordic Council of Ministers who
has financed and commissioned the project for great co-operation and
mutual support.

Furthermore, our gratitude to Vida Rozite and Morrigan Heyes, our
two devoted MSc students who have, through their theses, contributed
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substantially to the process and to Bernadett Kiss, who helped out with a
number of practical issues. Not least, we owe all industry representatives
and practitioners that kindly supported us with necessary information and
participation in meetings and the workshop a great thank you all.

Finally, we have learned a lot about innovation systems from this pro-
cess of working with practitioners and firms. It as been very fruitful, in-
spiring and brought about good experiences. Thus, we hope that the out-
comes will reach people involved in innovation in one of other way and
that they will find it useful in their work.

Lund, 10" of March 2008.

The Authors
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Summary

In this report we provide a summary of the results from the investigation
into cases of energy efficiency innovations in the Nordic building sector
as a part of the Green Markets and Cleaner Technologies (GMCT) pro-
ject. The GMCT project was financed by the integrated product policy
group of the Nordic Council of Ministers and carried out in cooperation
with the Finnish Environmental Institute, the University of Aalborg and
Risg National Laboratory at the Technical University of Denmark.

The aim of this sector study is to provide empirical materials for the
GMCT project on the processes and system conditions that facilitate or
hinder environmental innovation in sectoral contexts, in this case the
building industry context. It is based on literature review, two master
thesis projects conducted in the context of this project, interviews, work-
shop discussions and comments from representatives of the Nordic build-
ing industry. The cases investigated are mainly from upstream material
and component suppliers in the building value chain. They include cases
of incremental improvements on existing products, to new products and
product systems.

The review carried out in this report regarding the industry context
highlights several important features of the construction industry with
significant implications on the innovation environment in buildings. The
most important feature is the project-based nature of the industry and
where adoption of innovation takes place in projects not in firms. The
second aspect of this environment is the large number of actors involved
in the decision making process, where the actions of one party ultimately
affect the actions of the next. As such, the production of a more energy
efficient building is the result of complex and combined efforts from a
series of actors. Not only must the building owner be willing to finance
the more energy efficient building, but the building and its systems must
be properly designed by the architects and engineers and the necessary
people with the correct skills must be available to complete the construc-
tion. Additionally, the compartmentalization and divisions within the
building value chain, the differences in ‘adsorptive capacity’ for knowl-
edge integration among the actors involved in building projects, and the
cyclical nature of the sector which affects investments in new knowledge;
are also quite evident features of this sector.

These features of the construction work, though not unique to Nordic
markets, create a constraining environment for innovation in general and
energy efficiency in particular. For instance, new knowledge that is
gained during a building project as a result of various interactions and
learning processes may be difficult to capture and/or transfer to future
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projects. Different constellations of actors may work together on differ-
ent projects, resulting in difficulties in collecting experiences. Further-
more, as the actors involved come from a variety of backgrounds, their
experiences may be largely restrained to their particular sector of spe-
cialisation. Given these conditions, how do successful energy innovations
make it to the mainstream market? And what insights can we gain from
the innovation behaviour of the actors in real cases? These are some of
the questions we tried to explore by looking at specific cases found on the
Nordic building markets.

Findings from the cases point to several strategies deployed by inno-
vating companies to overcome some of the constraints highlighted above.
On the issue of coupling of actors; open standards, product certifications,
and complementary communication tools played an important role in
lubricating the flow of information and creating legitimacy to new modi-
fication. Case companies’ use of demonstration projects and performance
guarantees seem to have addressed the skepticism about the innovation
itself and created a cycle of learning about the integration at the project
level. Transfer of project level learning to familiar routines among the
actors network, remains a risky business that deters from wide adoption.
A focus on simplicity, ease of installations complemented with stable
alliances, training, and easy coupling of actors, evident from the case
companies, seem to have played a role to ease the risk perception.

Following this, we also looked at the enabling and constraining condi-
tions in three activities of an innovation system (access to knowledge,
access to resources and market formation) and how they influence the
propensity for energy efficiency innovations.

In the area of knowledge, and looking specifically at upstream actors
such as materials suppliers, building services systems producers, engi-
neers, and designers, there is a high degree of ‘adsorptive capacity’ with
regard to identification and utilization of new knowledge that is important
for innovation. This is due in part perhaps to some of the features found
in Nordic innovation systems such as strong knowledge base in comple-
mentary areas of material sciences, mechanical engineering, design and
electronics coupled with highly trained labor force in most segments of
the industry. On the other hand weak relationships with formal knowl-
edge institutions such as research centers and universities have been cited
on several occasions. Another fundamental weakness is the absence of
energy efficiency learning from the traditional training of designers, en-
gineers and consultants. Although one could find specialized courses on
climatic design, passive buildings, alternative heating and cooling tech-
nologies as examples, these tend to remain outside the traditional spe-
cializations accessible to building sector.

In the provision of resources, the sector faces several issues. These
tend to affect innovation in general and not particular to energy effi-
ciency. On the human resources side, the sector is facing an ageing
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skilled labor force coupled with lack of interest from younger genera-
tions. However this issue seems to have been noted by educational policy
makers in some of the Nordic markets in particular Sweden where new
programs have been launched to make it attractive for young graduates to
enter into this sector. The cyclical nature of the building market in Nordic
countries seems to have also impacted investments in development activi-
ties. The upswings and downswings is said to have an effect on the indus-
try’s access to financial and human resources, acting as a barrier to in-
vestment in research activities.

With regards to market formation, in most Nordic markets building
codes are claimed to be most influential instruments for creating the de-
mand for energy efficiency in buildings. The effect however has been
limited to certain areas of applications, mainly insulations and heat re-
covery. This and a historic emphasis on technical specifications (u-values
of wall materials) rather than performance specifications (end energy
demand per functional units) led to incremental improvements rather than
radical changes. The split-incentives in energy investments (one party
pays for the investments and another party pays for the energy bill) has
also been noted as a market barrier, but this is not unique to Nordic mar-
kets and pervasive across the sector internationally. There could have
been an opportunity to overcome this split-incentive issue in the Nordic
market with the strong role of municipal housing firms to steer the market
differently considering the ‘public good’ nature of their work.

Finally on the role of public policies, there is a need for high sensitiv-
ity to the specific features of the dynamics of interactions in the sector.
Despite the fact that we can identify many possible ways of boosting
energy efficiency in buildings, adoption at the project level is compli-
cated by systematic and structural features in the building innovation
system. This has direct implications on policies aimed at achieving trans-
formation towards a more energy efficient building stock. In this context,
the commonly used tool box of tax incentives and subsidies for energy
efficiency measures has proven to be of limited success. We conclude
that an emphasis is needed more on measures that actively reduce the
uncertainty associated with experimentation from project level adoption
and facilitate learning, knowledge and information flows in a sector char-
acterised by its fragmented knowledge base.
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1. Introduction

The building sector is considered an important arena for environmental
action because of the scale of impacts. World wide, the built environment
direct and indirect contribution to environmental impacts is estimated in
the range of 30% to 40 % of total impacts (UNEP 2007). Energy effi-
ciency is one focus area because of its potential to bring substantial im-
provements. In the European Union, energy used in the built environment
constitutes 40% of the total energy consumption (UNEP 2007). Hence
changes in the built environment in the form of solutions and measures
promoting energy efficiency provide the largest single potential for re-
ducing the total energy consumption (EC Green Paper on Energy Effi-
ciency 2005). According to the EC Directive on the energy performance
of buildings an estimated 40 Mtoe could be saved by year 2020, corre-
sponding to almost a fifth of the European Kyoto Protocol targets (Jansen
2004, EC Directive on the energy performance of buildings 2002). In
Nordic countries, the potential in improving the energy performance of
the building sector has been highlighted in countless policy documents.
Another aspect of interest for this project is also the perceived potential
of the sector to be a driver for the development of cleaner technologies
with its cross over to other knowledge clusters within Nordic manufactur-
ing such as materials, mechanical industry and automation.

Related to this, evidence suggests that there is wide range of energy
efficiency solutions available to the Nordic construction industry. These
range from simple design changes to technologically advanced solutions.
The Nordic landscape is full of successful demonstration projects literally
demonstrating the entire range of all these possibilities. At issue here is
why we do not see wide spread diffusion of these innovations in build-
ings despite all the demonstration projects and policy support for energy
efficiency?

This question is neither new nor strange to the literature on energy ef-
ficiency and buildings. There is a large body of empirical material on the
subject looking at the problem from a variety of perspectives beyond just
price rationality to economic sociology (Biggart and Lutzenhister 2007)
and the social structuring of technical innovations (Shove 1998). In this
project we attempt to add a more nuanced understanding of the problem
of energy efficiency in building through closer examination of the dy-
namics of innovation and adoption across different activities within the
building construction system. For this, we use innovations system per-
spective as an analytical framework. The innovation system perspective
posits that innovation is embedded in networks of organizations, people
and institutions within which the creation, diffusion and commercial ex-
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ploitation of new technologies and other types of knowledge takes place
(OECD 1997). The advantages in taking this perspective is that it helps us
to better understand the dynamics of interactions among different actors
in the innovation process and how policy should be sensitive to these
dynamics if greater diffusion of ideas is warranted.

In this report, we briefly review the sectoral features found in the in-
novation system of the building sector. This provides us with the platform
and the constraints under which energy saving techniques are introduced.
We then investigate three types of energy efficiency innovations derived
from about 20 candiadates® and the firms’ strategies under such con-
straints. The findings are then discussed in relation to policy stimuli to
address constraining features found in the Nordic building sector along
three main activities within an innovation system; these are 1. access to
knowledge, 2. access to resources, and 3. formation of markets.

! Reported in Rozite 2006.
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2. Analytical Framework

There has been an increase in the general understanding of innovation
processes with strong evidence to the dynamic nature of innovation.
Dynamic models based on the systems perspective capture many of the
challenges connected to the process of change and provide a framework
from which to examine the role of institutions and the behaviour of vari-
ous actors and their interactions (Edquist 1997). It thus allows for the
identification of opportunities, and also barriers that need to be addressed.
Furthermore, we have also better understanding with regards to the dif-
ferences in the organization of innovation activities across industrial sec-
tors (Malerba 2005). It is this general knowledge of innovation dynamics
in national and sector systems which constitute the analytical basis for
this paper. Of particular interest here is the sector level of innovation
systems.

A sector can be defined as a set of actors that are unified by related
product groups or technologies for an existing or emerging demand and
which share a basic knowledge base. Thus, sectoral systems of innovation
share a knowledge base, technologies, inputs, demand and are comprised
of actors that carry out market and non-market interactions aimed at cre-
ating, developing and diffusing new products within a given sector (Ma-
lerba 2005). Within the field of innovation studies, it has been widely
recognized that the sectoral features of a particular industrial sector play a
significant role in influencing the innovation process (Reichstein, Salter
et al. 2005).

A useful way to analyse the working of an innovation system is to fo-
cus on how a number of functions are served in the system (Jacobsson
and Bergek 2004). The innovation system literature suggests various
levels of categorizations of these functions (e.g. Chaminade and Edquist,
2006). Crucial activities that can be ellusidated from the literature are the
creation, the pooling and the transfer of knowledge, the access to re-
sources and the formation of markets. These can be detailed to more spe-
cific activities depending on the unit of analysis; technology system or
territorial system. By arranging our findings in terms of these activities,
we can trace the way through which, for instance, a particular combina-
tion of actors or specific institutional set-up shapes the generation, diffu-
sion and utilization of energy efficicency innovations.
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3. The Innovation System in the
Nordic Building Sector

3.1 Sectoral Features and Innovation Influences

It is widely recognised that the building sector differs from other industry
sectors with regard to innovation due to characteristics inherent to the
construction work. These characteristics are found in the industry in gen-
eral and they are not necessarily specific to the Nordic markets. The most
prominent feature of the industry with implications to innovation diffu-
sion is its project-based orientation as opposed to a process orientation
(Taylor and Levitt 2005). This means that different firms enter into tem-
porary collations and collaborate on constructing specific projects every
time. After the project is finished, the coalition is loosened. This unique
feature has particular implications for our discussion on environmental
innovation. Because innovation adoption takes place in projects, not
firms, most innovations have to be negotiated with one or more of the
actors in these temporary collations.

The project-based structure creates several constraints for effective
learning and transfer of knowledge, necessary for innovation. The knowl-
edge encompassed in a building project is both tacit and codified, with a
large amount of knowledge gained during the actual building process that
rarely are documented or transformed into organisational learning. It has
been suggested that tacit knowledge may be particularly important in the
building sector (Gann and Salter 2000). However, the tacit-based knowl-
edge combined with the project-based nature of the industry has been
noted as a potential source of weakness for innovation process. New
knowledge that is gained during a building project as a result of various
interactions and learning processes may be difficult to capture and/or be
transferred to future projects. A cooperation based on temporary contracts
between changing configurations of actors makes the learning process
more difficult and slows down innovation (Goverse et al. 2001). This is
exemplified in the divisions between various actors in the building chain.
Building materials suppliers are often not involved in the design or build-
ing process and the design phase is often separated from the construction
phase. As such, lessons learned in one system area often do not get
passed on to another.

In addition to the project-based structure, other features of building
sector pertaining to innovation are the involvement of wide range of ac-
tors and the nature of the product. A building “project” requires engage-
ment of a wide range of actors such as building material companies, en-
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gineers, architects, building developers and construction companies.
Buildings are comparably expensive products with a long life-time. An
issue often discussed in this regard is the inappropriate allocation of risks
and benefits (Widén 2002). Due to the high price of the product, the
building industry typically strives to reduce risk and ensure reliable eco-
nomic returns on investments by the use of standardised approaches and
models that have previously been effective, instead of striving to integrate
innovative approaches. Furthermore, the distribution of technological
risks and financial rewards is unbalanced, since financial reward of suc-
cess travels upwards towards client (end-users) and risk of failure down-
wards in the supply chain (investors on technology). Another dimension
of this problem is end-users’ focus on lower initial price rather than on
performance. A high initial cost of the house they are purchasing, to-
gether with lack of direct contact with end-users and the actors who have
capacity to apply innovative solution, often leads to end-users’ unwill-
ingness to pay more for energy efficiency. This in turn adds to develop-
ers’ hesitance to apply new technologies.

In addition, as the actors involved come from a variety of back-
grounds, their experiences may be largely restrained to their particular
sector of specialization. This may further hinder the effective pool and
transfer of knowledge.

Thus a main conclusion from the literature on innovations in buildings
is that the features of the construction work create constraining conditions
for innovations in buildings. This affects not only the diffusion of energy
efficiency innovations in particular but all types of innovations.

3.2 Characteristics of the Nordic Building Sector

The building sector plays a significant role in the Nordic national econo-
mies. The building and construction industry employs a substantial num-
ber of individuals; ranges from 6% to 8% of the total labour force
(Ingvaldsen, Lakka et al., 2004). The contribution of the sector to GNP is
also substantial. For instance, in Norway, the turnover of the sector is
estimated at around 20% of the Norwegian GNP (Enova 2007). In the
following we look into some more detailed features of the Nordic build-
ing markets.

3.2.1 The role of the state

The Nordic markets share several features with regard to the housing
sector. First is a history of state intervention in the residential segment,
through commissioning of buildings, rent controls and subsidies for both
construction companies and households. Sweden has been the leader in
these aspects with strong interventionist housing policies. During the
1950s-1990s a system of subsidies and tax breaks were in place to stimu-



GMCT Project, Energy Efficient Buildings 19

late the sector, however, these were almost completely withdrawn in the
1990s. Despite this, the sector is still to a large degree state managed
through controls, constraints and other policy initiatives. In Denmark,
local and central governments guarantee loans and provide capital subsi-
dies for building and improvements. However, the scale of public subsi-
dies has decreased in recent years. Housing benefits are available and
approximately a fifth of all households receive benefits (RICS 2005). In
Finland a subsidy policy was set up in the 1990s for housing companies
after a severe slump to encourage building and renovation. Second is
history of severe swings in construction activities, where currently nearly
all Nordic markets are experiencing an upturn in construction activities
after severe slump in the early 1990s (RICS 2005). This has been noted
by several actors in the industry to cause negative implications on the
innovation environment of the building sector (Sector Workshop 2007).

3.2.2 Dwellings and ownership patterns

With regard to dwelling types and ownership patterns, the landscape is
slightly more varied. Sweden and Denmark have a comparatively higher
percentage of households living in rented or co-operatively owned apart-
ments in multi story buildings. In Sweden in particular a great proportion
of the multi story buildings were commissioned by municipal or public
housing companies in effect giving these companies a strong role in Swe-
dish housing policy (RICS 2005). While in Norway and Finland, a higher
proportion of the stock is made up of privately owned single-family ho-
mes. Another noted difference is in Denmark, where building costs are
comparatively 20 — 30 % higher for single family homes than the costs
for corresponding properties in Sweden and Finland (RICS 2005).

3.2.3 Industry actors

As for industry actors, large developers play a significant role in the Nor-
dic markets. Developer represents the actor in the project with the finan-
cial resources. Consequently, they execute the major economic decisions
and issue the primary demands regarding the building’s construction.
Within Sweden there are currently three major players in the building
construction arena, who display similar prominence in the construction
industries of other Nordic countries. These large contractors are also
active as building developers and it has been noted that there seems to be
an increasing trend in all Nordic countries that the contractor and the
developer are part of the same company or trust (Ingvaldsen, Lakka et al.
2004). A similar domination of the building market by a few large firms
has also been noted in Denmark, Norway and Finland (Ingvaldsen, Lakka
et al. 2004; Virtual Finland 2004; Kristiansen, Emmitt et al. 2005; Rozite
2006).
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In terms of building material producers, in most cases, a few produc-
ers of a given material lay claim to 80-100% of the market (Ingvaldsen,
Lakka et al. 2004). Furthermore, it has been noted that in certain areas
within Sweden, including aggregates, prefabricated concrete elements,
asphalt, ready made concrete and concrete pipes that many producers are,
in turn, owned by the large contracting firms (Ingvaldsen, Lakka et al.,
2004). Similarly, within Denmark, some of the largest contractors have
purchased installation firms, building material firms and other trade
firms, increasing their own size and moving towards control of a larger
portion of the value chain (Kristiansen, Emmitt et al. 2005). This indicat-
ing a general shift towards vertical integration within the construction
sector. Within both Sweden and Denmark, the construction sector has
faced criticism regarding lack of competition (Ingvaldsen, Lakka et al.
2004; Kristiansen, Emmitt et al. 2005).

In the area of building service installation firms (typically subcontrac-
tors), who are responsible for the supply and installation of heating, venti-
lation, water supply and drainage units, the market is more varied. It is
characterized by a few large and many small firms (Ingvaldsen, Lakka et
al. 2004; Reichstein, Salter et al. 2005). The renovation and home repair
business is, likewise, dominated by many small firms (Brown, South-
worth et al. 2005).

While efforts have been made in recent years to create more formal
linkages with the construction industry, historically the relationship be-
tween the construction industry and government has been a less collabo-
rative and more distant one. Furthermore, it has been noted that univer-
sity and research institute linkages are weak in many cases, outside of
those that typically exist with the largest firms (Brochner 2006; Rozite
2006).

3.2.4 Policies and regulations

In the building sector, the Building Code has often been cited as one of
the most significant components in influencing energy efficiency im-
provements in the building sector. In the Swedish context, the first con-
cerns regarding energy efficiency appeared in the national building code
in 1960 (Smeds 2004) with component specific U-values and require-
ments for double pane windows. The energy efficiency demands of the
code were significantly strengthened following the oil crisis in 1977 and
several efforts to further tighten the demands of the code have been made
since (Smeds 2004). Similarly in Denmark, the energy efficiency de-
mands of the code have been progressively tightened over the last several
decades. Further tightening of the codes is anticipated for 2010 and for
2015 (Rockwool, 2007). In some instances, the code has been criticized
for restricting innovation possibilities and for flaws or weaknesses in its
efforts to mandate energy efficiency measures (Smeds, 2004). Regard-
less of these criticisms, however, based on interviews and review materi-
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als there is an apparent agreement among a number of stakeholders that
the building code is an important tool in the building industry.

In 2003, the EU Directive on the Energy Performance of Buildings
(EPBD) entered into force, reinforcing the effort to incorporate energy
efficiency into building requirements. This framework directive, stipu-
lates among others that a certification system be developed for buildings
that will make the energy consumption levels much more readily appar-
ent to all parties (European Commission 2003). All Nordic countries are
currently implementing the EPBD.

In addition to the building code and energy performance directive, a
number of other policies, including energy taxes, energy saving informa-
tion and advice programmes, and investment and subsidy schemes have
been used to help effectuate positive changes in the area of energy effi-
ciency in buildings. A number of evaluations have been performed re-
garding various policy instruments aimed at promoting energy efficiency,
though these evaluations often focus on effectiveness and efficiency of
the adopted measures, rather than their innovation fostering effects. Sev-
eral studies, which have focused on the innovation aspect of such energy
efficiency policies have largely served to confirm the notion that existing
policies have had very moderate effects on innovation, typically resulting
in incremental innovations in existing products and diffusion of existing
technology (Kemp 1997; Beerepoot 2007).

3.2.5 Energy Performance

Looking at historical trends, it can be said that the sector performance has
improved comparatively with regard to energy use per unit space in the
last five decades. However, the building sector in the Nordic markets has
been criticised for not achieving its promised potential. A substantial part
of the gains in energy performance has been attributed to efficiency gains
in purchased energy as opposed to gains from improvements in building
energy performance. This criticism is levied with the recognition that the
sector has been subjected to a variety of governmental and municipal
support measures and policies to improve energy performance of build-
ings, and the presence of many successful demonstration projects of cost
effective energy efficient buildings in all Nordic markets. Then the ques-
tion is why we do not see greater adoption of energy saving solutions?
Has the focus of intervention been misplaced?

In the following section we examine relatively successful cases of en-
ergy saving techniques and their introduction in the Nordic markets. After
presenting the cases, we focus our analysis on the dynamics of interac-
tions of the innovating firms and their strategies in light of the innovation
system in buildings.
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4. Cases of energy saving
techniques

The types of possible energy efficiency measures range from common
sense solutions based on traditional knowledge to extensive high-tech
computerized systems. In one sense, it is possible to speak of two dispa-
rate directions:

o Passive houses, simple robust systems
e Smart or intelligent houses with ICT based applications

Passive houses have exceptionally low heating requirements, in which a
variety of energy efficiency promoting solutions are integrated. They are
very well insulated, air leakage is kept at a minimum and mechanical
ventilation systems ensure the recycling of heat. At the other end of the
spectrum, energy-efficient heating and cooling of buildings can also be
promoted through the use of automated controls, ventilation and im-
proved duct systems and technologies such as setback thermostats and
intelligent building controls.

An array of different technologies, technical solutions and products
can be combined in a number of various ways and adapted to the loca-
tion, environment and requirements of specific buildings and building
projects. Thus it is not possible to identify one specific technology or
approach that provides the solution to improved energy efficiency. It
should also be emphasized, that energy efficiency can be attained by
various means and that it is possible to combine a set of materials or
products with improved properties in a manner that leads to increased
energy use, similarly it is possible to combine conventional materials in a
way as to provide increased efficiency. Consequently, energy efficiency
in the built environment is related both to products or building materials
and also to the building process i.e. how products and building materials
are combined.

In the cases selection for this project, we focused on upstream changes
in the building value chain, and how these changes make their way into
the dominant construction and building practices. Hence we avoided an
emphasis on for example passive (climatic) designs as an approach to
energy savings. Although important and relevant for the discussion on
energy efficiency in buildings and much can be learned from and trans-
ferred to the mainstream construction practices, passive design techniques
for the time being will be considered as a niche practice with unique loca-
tion factors dictating much of the opportunities for energy saving poten-
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tials. We also avoided innovations in delivered energy or conversions to
renewable sources as means of energy supply, although represents an
interesting potential for Nordic clean technology sector. The dynamics
affecting delivered energy are substantially different with greater scope
for successful institutional interventions. Substantial efficiency gains
have been made in the delivered energy to buildings in many Nordic
markets, for example through convention from home boilers to district
heating systems, though with controversial impacts on the overall energy
efficiency behaviour of individual users. Interesting and promising
cleaner technology markets, both regional and export, are evolving from
Nordic competencies in this area such as heat-pump technologies, solar
thermal heating and cooling systems, bio-energy based heating, and PV
related technologies. Again, all of these falls under a discussion of en-
ergy supply and relatively well studies by others in the field.

Finally we avoided whole building concepts. All Nordic countries ex-
perimented with demonstration buildings/projects of improved whole
building concepts and we interviewed several actors involved in some of
these projects. However, they represent a particular situation in which the
developer/owner clearly identifies energy performance targets to be
achieved by all the involved actors. These cases show that once energy
performance targets are core objectives, the ability of different actors to
innovate and deliver can be demonstrated once an owner exists for the
energy efficiency/greening concept. However much of the learning as
previously mentioned remains project specific and we do not see greater
diffusion into the main stream construction industry. Perhaps also rele-
vant in this context and for our discussion about the creation of green
markets is to ask here how much of the learning/knowledge created in
these projects have been transformed into core features of building offer
to customers.

The cases presented here are from three product categories in the buil-
ding system where energy saving potential is a core feature or part of
bundle of features in the delivered value to clients. These are building
insulations, Indoor climate control systems, and building automation
systems. The innovations discussed in these cases are all developed in the
Nordic markets, however some of the companies behind these innova-
tions are currently part of non-Nordic based corporations. The types of
innovations explored cover both incremental improvements to an exiting
product as well as the introduction of a new product system, hence in line
with our objective to explore a variety of dynamics in the innovation
process of the case companies and the influences of institutional signals.
In the following sections, we provide summaries of the changes in prod-
uct/product system without direct reference to the commercial names of
the case companies (based on request of some of the informants). In the
analysis section we discuss the dynamics behind these changes including
the influencing factors on the innovation strategies of these firms. In par-
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ticular we focus on the interactions influencing the diffusion and adoption
of these changes in the building innovation system.

4.1 Building Insulation

In buildings, end energy demand for heating and cooling can be reduced
through improvements to the insulating capacity of wall materials, reduc-
ing losses due to thermal bridges and/or by optimizing radiation flows in
wall materials. Use of thermal insulations as a sandwiched layer in wall
and roof structures is considered to be one of the most commonly used
methods for minimizing heat (cool) loss hence reducing end energy de-
mand for heating/cooling. However, the effectiveness of insulating mate-
rials depends on a host of so many other factors including the size of
windows, air tightness, and thickness of insulating element including
proper application. In Nordic markets one can find a host of different
materials for this purpose including mineral based, petroleum based and
cellulose based materials. Interest in the use of insulation by home build-
ers was notes as far back as the 1930s. However the widespread use of
insulation materials in buildings remained limited in Nordic markets until
it was made a legal required in Denmark in 1961, and almost 20 years
later, in Sweden, with the introduction of the building code of 1978. Also
the energy crisis of the 1973 pointed to the need for energy saving also in
the building sector. In this respect some of the achievements in the over-
all energy efficiency improvements in the Swedish and Danish building
stocks are attributed to these requirements.

Since then, the dominant approach to insulation remained unchanged.
Innovations in insulation material segment remained limited to material
substitution among the three base materials (mineral, cellulose and petro-
leum) or to incremental improvements in the product performance. How-
ever once the concept of insulation is integrated into the overall building
envelope system, a greater scope of ideas emerge for product changes.
One such example is the prefabrication of complete wall, foundation or
roof systems with build-in insulation elements. The added value in such
integration includes better air tightness, better control over thermal
bridges and reduced time for installation onsite.

Our case company in Denmark (DK1) introduced such system for
building foundations on the Danish market. The product integrates foun-
dation’s structural requirements with insulation as one complete solution.
A newer version of the product was developed in anticipation of changes
to the legal requirements affecting insulations for building foundations,
introduced in January 2006. The new product is promoted on a bundle of
features including, light building foundation system, easy to handle, saves
time, solves the insulations needs and lives up to the new insulation crite-
ria. A similar solution was also found on the Swedish market. The prod-
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uct currently sells well, despite expressed views that developers and end
users often do not prioritize energy efficiency in their choices of building
materials. Another trend towards industrializations among construction
contractors seems to benefit them.

The decision to use the product in the end building is to a large extent
in the hand of construction companies and their consultants. However,
the entry to market strategy of the company is explained to be through
legitimizing the concept through certifications and standards, and chan-
nelling it through building materials retailers. The other options could
have been to co-operate and sell directly to specific construction compa-
nies; however this was feared to lock them out of the retailers’ channels
which apparently play an important role for independent construction
companies in Denmark. Additionally, some of the difficulties noted by
the company during the process of development and launch relates to
complying with other types of regulations in the building sector such as
fire safety standards, and the difficulties to influence building traditions.

4.2 Indoor Climate Control Systems and Energy
Recovery

Energy saving opportunities has also been exploited in the indoor climate
systems of buildings. Traditionally most buildings have been fitted with
passive ventilation systems. Mechanical indoor climate systems emerged
as a necessity of increased insulation, air tightness of buildings and the
need to ventilate to maintain a healthy indoor climate. Ventilation then
became a legal requirement in all Nordic markets for most public and
commercial buildings, which essentially created the market for mechani-
cal ventilation systems. However, with the proliferation of these systems,
heat losses became an issue in circulated air. Heat recovery from air has
been one of the key efficiency improvements to the mechanical systems.
This is achieved through installation of heat exchangers and sensors in
the air handling units. Hence energy recovery became a feature of the
overall functional requirements in mechanical ventilation systems. In this
area we looked at two cases of system modifications that have emerged in
the Swedish market. In both cases, the companies involved have also
been successful in commercializing their systems in international mar-
kets.

The first case (SW1) represents modifications made in the delivery
and installation of mechanical ventilation systems. The company offers a
range of complementary products such as air distribution components, air
treatment components, heat recovery components and control functions.
Traditionally, ventilation system’s design is carried out on a project by
project basis. Ventilation solutions needed to be custom designed for each
project. The case company opted for a modular system solution by offer-
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ing several modular components that can be plugged into complete solu-
tions for different types of buildings. Sub-components in the system are
standardized and manufacturing is automated. Customers can choose
from a range of standard components however with limited number of
options. The energy saving potential is promoted within a bundle of fea-
tures in the system including energy saving fans, efficient heat recovery
and full control of temperatures. The control units are equipped with ad-
ditional functions that allows for further energy saving options. Saving on
space and reliability of readings are also seen as important parameters for
the system’s selling proposition.

In this case, the innovation strategy of the firm can be said to be en-
tirely driven by the need to optimize and improve the process of design,
delivery and installation of mechanical ventilation system. Furthermore,
the company positions the product based on quality and reliability and not
lowest costs. Hence, the company has been keen to emphasize internal
development and research capabilities and be active in spreading knowl-
edge, educational materials and training to various actors in the building
sector. The case also provides interesting insights into the need for bun-
dling of energy saving potential with other aspect of product innovation
that is important for end users.

The second case (SW2) represents a more radical modification to the
concept of indoor climate control and heat recovery in contrast with the
incremental improvements in the mechanical ventilation systems. The
product in this case which was launched on the Nordic market as far back
as the late 70s, offers a radically different approach to indoor climate
control through using the thermal mass of envelope and structural materi-
als. The product concept is in one sense a discovery at the intersection of
two knowledge areas; ventilation and concrete. The product concept
makes use of the thermal retention capacity of cement in modulating the
heating and cooling of buildings. Hence it is offered as an integrated solu-
tion for heating, ventilation and air conditioning at lower costs and lower
end energy use than competing alternatives by use of the heat capacity of
the concrete. However, it is required that it is integrated into the structural
framework of the building. To market the concept, a complementary in-
novation was needed in the form of a measurement system to provide
accurate calculations for the design of the system.

The company behind the concept made limited commercialization of
the product concept both in Nordic markets and internationally. In 1977,
the first building was erected using the concept. Since then, the concept
has been installed in more than 200 building projects. The knowledge
gained from these projects has been so favourable that an energy saving
guarantee is offered in certain European markets.

The innovation strategy of the commercializing firm made use of the
complementary measurement tools to help demonstrate the cost saving
potentials to overcome scepticism and resistance from building owners
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and ventilation consultants. Energy saving potential and reduced costs for
the ventilation requirements was at the core of the product offer. Also to
maintain a degree of flexibility, the system was offered in combination
with mechanical ventilation systems. In this respect, advantages in terms
of reducing the sizing and the need for mechanical installations such as
fan coils, cooling roofs, refrigerating machines, water accumulators and
radiators systems, all were important selling arguments.

The success of (SW2) product depended to a large extent on the early
integration in the design phase of building project. This meant that the
mechanical engineering consultants needed to be in contact with (SW2)
sales staff in the early phase of calculating and dimensioning of the
heat/cool requirements. Developers and architects also needed to make
certain adjustments in construction techniques including changes to some
of the established approaches in roof construction.

4.3 Building Automation Systems

Another level where energy savings can be achieved is through optimiz-
ing the control and performance of building sub-systems such as heating
and cooling, ventilation, lighting and appliances in an integrated fashion.
By connecting various energy consuming devices to intelligent software
system, optimization opportunities for reducing end energy demand exist
up to 30%. The integration allows the overall energy system to work to-
gether seamlessly and to be controlled according to needs and situations.
These systems have been in the market from the 80s and were mainly
used in commercial and high rise buildings. However, their application in
the residential home segment has been limited. Our case companies in
this area are both based in Finland and their product builds on a concept
that was initially developed through a national technology program called
Connected Open Building Automation (COBA) and later commercialized
for residential applications. What COBA offers is a common interface to
all facility management systems: heating, cooling, ventilation, lighting,
metering, access and attendance, surveillance as well as burglar, fire and
humidity alarms. Commercial COBA based products emerged in the
market in 2003.

Two companies made attempt to commercialize COBA-based prod-
ucts, with mixed level of success. The first case company (FI1) has been
involved in the software development for COBA. The other company
(F12) provided the control modules that interface with various sub-
systems. FI1 managed to commercialize close to 100 systems before go-
ing out of business due to financial reasons. FI2 has been more success-
ful in commercializing its products and currently active in export markets
such as Norway, Russia and United Arab Emirates.
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In the development phase, both companies benefited substantially
from the resources provided by the COBA consortium partners. Since
COBA started as a standardization project it managed to attract key actors
in complementary knowledge basis such as telecommunications, software
development, control devices and building service providers (COBA-
group.com). In this case the project focus in interface standards seems to
be necessary for the innovation environment for these companies.

During the marketing phase, both companies needed to create alli-
ances with ventilation machine producers, heating machine producers,
security companies, resellers, engineers and architects. However, the
more successful company (FI2) in the commercialization stage attributes
the break through to the choices made regarding the product interface
standards. By allowing users open access to build interfaces with the
product, they could attract supplier to the system and with it their cus-
tomers.
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5. Analysis and Discussion

5.1 Constraining conditions and innovation strategies of
the firms

The sectoral features of the building industry as discussed create con-
straining environment for innovation. Previously we outlined some of
these constraining conditions, mainly in the allocation of risks and incen-
tives and in the learning and transfer of knowledge. In examining the
innovation strategies of the case firms, we can identify several measures
that seem to have been effective for the case companies.

The first pattern is seen in attempts to simplify or legitimize the in-
formation flow to the different actors influencing the adoption process.
Also important to point out that demonstrating the potential for energy
saving was not often central in these information exchanges. For instance,
several of the case companies focused on product certification and ac-
creditations to show compliance with regulatory demands and standards.
DK1 was keen to demonstrate how their new system helps clients to
comply with the new requirements, and demonstrated that with certifica-
tions and accreditation process with supposedly legitimate actors such as
universities. In the Finnish cases, the more successful of the case compa-
nies was the one with an open protocol “horizontal strategy” allowing a
verity of suppliers to plug in and communicate with their system.

The second pattern is seen in terms of creating complementary and
credible information channels such as measurement and calculation tools,
performance modelling tools or professional training. SW2 software in-
vention was essential in communicating with consultants, engineers and
architects about the new concept, and for convincing owners and devel-
opers of the benefits. SW1 strategy focused on sustained technical train-
ing programs and seminars to different actors in the value-chain. SW1
also addressed the general scepticism about mechanical ventilation
among final users by bundling the reliability of measurements and read-
ings into the value offer to end users.

Open standards, product certifications, and complementary communi-
cation aids played an important role in lubricating the flow of informa-
tion, creating legitimacy to new modification; however the perception of
risks from new experimentation on-site remained a challenging one. Case
companies’ use of demonstration projects (FI1, SW1, SW2) and perform-
ance guarantees (SW1) seem to have addressed the scepticism about the
technology itself and created a cycle of learning about the integration at
the project level. Transfer of project level learning to familiar routines
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among the actors network, remains a risky business that deters form wide
adoption. A focus on simplicity, ease of installations complemented with
stable alliances (DK1), training (SW1), and open source (FI1), evident
from the case companies, seem to have played a role in this respect.

What is also evident from the companies’ strategies is to bundle a va-
riety of benefits which seems to have worked well in addressing the prob-
lem of incentives, allowing actors that can have an influence on the pro-
curement decision to appropriate their own benefits along the way. Al-
though we may see an energy saving goal in the commercialization of
these products and systems, the selling propositions focuses on satisfying
a host of many other incentives in the value chain, including helping cli-
ents meet regulations (DK1), project level cost savings in terms of shorter
time (DK1, SW1), ease of connectivity by other suppliers (FI1, SW2),
reliability for end users (SW1, SW2), and more space for architects to
play with (SW1, SW2) are just some of the bundled features found in the
case innovations.

5.2 Constraining Conditions and Innovation Activities

In the previous analysis we explored how innovative firms operate in
relation to specific constraining features of the construction sector which
tends to create a challenging environment for the diffusion of innovation.
A first general observation is that contrary to generalised opinions about
weak innovative capacities in building sector, the conditions in Nordic
markets provide a slightly different picture. The question is not an issue
on the rate of invention but on the rate of diffusion. The following obser-
vations from the case materials provide more nuances to some of the
enabling and constraining conditions in three activities of the building
innovation system: access to knowledge, access to resources and market
formation.

In the area of knowledge and looking specifically at certain divisions
in the Nordic building sector such as materials suppliers, building ser-
vices systems producers, engineers, designers there is a high degree of
“adsorptive capacity” with regard to identification and utilization of new
knowledge that is important for innovation. A credit perhaps to some of
the features found in Nordic innovation systems such as strong knowl-
edge base in complementary areas of material sciences, mechanical engi-
neering, design and electronics coupled with highly trained labour force
in most segments of the industry. To illustrate, some of the knowledge
input identified in the cases come from interfaces with other sectors such
packaging, information technologies and mechanical engineering.

On the other hand weak relationships with formal knowledge institu-
tions such as research centres and universities have been sited on several
occasions. However, this has not materialized strongly in the case materi-
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als. In one occasion, the core knowledge for the innovating firm was de-
veloped in academia. In two other occasions the innovating firms estab-
lished connections with formal knowledge organizations for creating
legitimacy and acceptance for the alternative technique.

Another fundamental weakness is the decoupling of energy efficiency
related knowledge for the building sector from the traditional training of
designers, engineers and consultants. Although one could find specialized
courses on climatic design, passive buildings, alternative heating and
cooling technologies as examples, these tend to remain outside the tradi-
tional specializations accessible to building sector.

In the provision of resources, the sector faces several issues. On the
human resources side, the sector is facing an ageing skilled labour force
coupled with a weak interest from younger generations. However, this
issue seems to have been noted by educational policy makers in some of
the Nordic markets in particular Sweden where new programs have been
launched to make it attractive for young graduates to enter into this sec-
tor. The cyclical nature of the building market in Nordic countries seems
to have also impacted investments in development activities. The up-
swings and downswings is said to have an effect on the industry’s access
to financial and human resources, acting as a barrier to investment in
research activities.

Finally with regards to market formation, in most Nordic markets
building codes have been sited as the most influential instruments for
creating the demand for energy efficiency in buildings. This has been
limited to certain areas of applications, mainly insulations and heat re-
covery. This and a historic emphasis on technical specifications (u-values
of wall materials) rather than performance specifications (end energy
demand per functional units) led to incremental improvements rather than
radical changes. The split-incentives in energy investments (one party
pays for the investments and another party pays for the energy bill) has
also been noted as a barrier to market development, though not unique to
Nordic markets and pervasive across the sector internationally. There
could have been an opportunity to overcome this split-incentive problem
in the Nordic market with the historical role of municipal housing firms
to steer the market differently considering the “public good” nature of
their work.
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6. Conclusions and Policy
Implications

Overall the knowledge base and the socio-political debate in Nordic mar-
kets can be characterized as mature in terms of creating the conditions for
an “ecological modernization” of the sector where there is political and
social acceptance for more sustainable practices. Our key point is that the
challenges of energy efficiency diffusion in the Nordic building markets
are found more in the general features of construction industry and the
organization of the building sector.

Our analysis of the innovation strategies of the case firms and the ena-
bling conditions in Nordic markets raises several discussion points for the
broader debate on energy efficiency and buildings. The first one concerns
actors’ strategies. Innovators in the area of energy efficiency need to go
beyond the goal of just optimising the energy dimension in the value
offer. Nearly all the case firms offered a bundle of features in the value
proposition satisfying different needs of different actors in the building
value chain. Clearly illustrated by the cases, successful commercializa-
tion involves directly confronting the structural features in the industry
that are affecting adoption decision. Since many actors with different
interests and frames of reference influence the adoption process; the flow
of information and the distribution of incentives can have direct influence
on the successful commercialization. This is of course mostly relevant in
the absence of clear energy efficiency procurement requirements.

The second point concerns public policy. Despite the fact that we can
identify many possible ways of boosting energy efficiency in buildings,
adoption at the project level is complicated by systematic and structural
features in the building innovation system. This has direct implications on
polices aimed at achieving transformation towards a more energy effi-
cient building stock. Policies need to be sensitive to specific features of
the dynamics of interactions in sector and national contexts. The case
materials highlight some of these opportunities for intervention. This is
best amplified by the Finnish cases where the innovating firms benefited
greatly from the publicly funded technology program on open standards
allowing a variety of actors to integrate their products and systems
through an open protocol.

The *popular’ tool box of tax incentives and subsidies for energy effi-
ciency measures has proven to be of limited success. These tend to create
temporary markets for particular products or services. An emphasis is
needed more on: 1) reducing the uncertainty associated with experimenta-
tion from project level adoption 2) facilitating learning, knowledge trans-



36 GMCT project, Energy Efficient Buildings

fer and information flows in a sector characterised by a fragmented
knowledge base. Furthermore, the potential for advancing an energy-
performance based market for buildings is still in its early phases. There
seems to be optimism in the industry around performance certification
schemes in line with recent EU directive offers the promise of a stronger
market demand for energy efficienct buildings.
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8. Sammanfattning pa svenska

| foljande rapport sammanfattar vi resultaten fran undersokningen av
exempel pa energieffektivitetsinnovationer i den nordiska byggsektorn
som en del av projektet “Green Markets and Cleaner Technologies
(GMCT)”. GMCT-projektet har finansierats av Nordiska Ministerradets
tvarsektoriella arbetsgrupp for integrerad produktpolitik (NMRIPP) och
genomférdes i samarbete mellan Internationella Institutet for Industriell
Miljoekonomi (I11EE) vid Lunds universitet, Miljoforskningscentralen i
Finland och Avdelning for Samhéllsutveckling och planering vid Aal-
borgs universitet.

Syftet med denna branschstudie &r att ge empiriskt underlag till
GMCT-projektet om de process- och systemforutsattningar som underlat-
tar eller motverkar miljoinnovation i ett branschsammanhang, i detta fall
byggindustrins speciella forhallanden. Den baseras pa litteraturgenom-
gang, tva magisteruppsatser som genomforts inom ramen for detta pro-
jekt, intervjuer, diskussioner fran en workshop samt kommentarer fran
representanter fran den nordiska byggindustrin. De undersokta fallen
kommer i huvudsak fran material- och komponenttillverkare i den 6vre
delen (uppstrom) av byggsektorns vardekedja. De omfattar fall pa gradvi-
sa forbattringar av befintliga produkter till nya produkter och produktsy-
stem.

Genomgangen som genomforts i denna rapport beror det branschspe-
cifika sammanhanget och uppmarksammar flera av byggindustrins vikti-
ga karaktarsdrag som har betydande foljder for dess innovationsmiljo.
Det mest betydande draget ar sektorns projektbaserade natur och att in-
forlivandet av innovationer sker i projekt och inte i sjalva foretagen som
sadana. Den andra aspekten av denna innovationsmiljo ar det stora antalet
aktorer som ar engagerade i beslutsprocessen, déar en aktdrs handlingar
ytterst paverkar nasta aktors handlingar. Pa sa satt ar produktionen av en
mer energieffektiv byggnad resultatet av komplexa och kombinerade
anstrangningar fran en hel rad aktorer. Det racker inte bara med att dgaren
till byggprojektet ar beredd att finansiera den energieffektiva byggnaden;
byggnaden och dess olika system maste bade ges en lamplig utformning
av arkitekter och ingenjorer och de manniskor som behovs for att genom-
fora byggandet maste ha den ratta yrkesskickligheten. Vidare ar aspekter
som sektioneringen och uppdelningen av byggnadens vérdekedja, bygg-
projektetens medverkande aktorers olika formaga till kunskapsintegration
samt branschens cykliska natur, vilken paverkar investeringar i ny kun-
skap, ocksa mycket betydande drag for denna bransch.

Dessa karaktéarsdrag for byggarbetena, dock inte unika for den nordis-
ka marknaden, skapar en begransande miljo for innovationer i allmanhet
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och for energieffektiva losningar i synnerhet. Exempelvis kan kunskaper
som har vunnits genom samverkan och laroprocesser i ett byggprojekt
vara svara att fanga och/eller fora vidare till framtida projekt. Olika kom-
binationer av aktorer kan arbeta ihop i olika projekt, vilket medfor sva-
righeter med att samla erfarenheterna. Eftersom de medverkande aktorer-
na har varierande bakgrunder kan vidare deras erfarenheter till stor del
vara forbehallna for det omrade de ar specialiserade inom. Under dessa
givna betingelser, hur tar sig framgangsrika energiinnovationer till den
breda marknaden? Och vilka insikter kan vi fa fran aktérernas innova-
tionsheteende i verkliga fall? Dessa &r nagra av de fragestéllningar vi
forsokt undersoka genom att se pa specifika fall fran de nordiska bygg-
marknaderna.

Resultat fran fallstudierna visar att innovationsforetagen anvéander sig
av flera olika strategier for att komma forbi de begransningar som beskri-
vits ovan. Betraffande fallet att féra samman aktérer har 6ppna standar-
der, produktcertifiering samt kompletterande kommunikationsverktyg
spelat en viktig roll for att underlatta informationsflédet och skapa legi-
timitet for nya modifikationer. Fallféretagens anvandning av demonstra-
tionsprojekt och garantier for prestanda verkar ha anvants mot osékerhe-
ter om innovationen som sadan och skapat en larandecykel om integra-
tion pa projektniva. Att dverfora larande pa projektniva till invanda
rutiner i aktorsnatverken kvarstar som en riskfylld verksamhet som for-
svarar en storre spridning. Vi ser fran fallféretagen att budskap med fokus
pa enkelhet och underlattade installationer tillsammans med stabila alli-
anser, utbildning och férenklad aktérssamverkan verkar ha spelat en roll
for att minska riskuppfattningen.

Darefter undersokte vi dven underlattande och begransande forhallan-
den for ett innovationssystems tre aktiviteter (tillgang till kunskap, till-
gang till resurser och skapande av marknader) samt hur dessa forhallan-
den paverkar utvecklingen av innovationer inom energieffektivitet.

Inom omradettillgang till kunskap, och da speciellt genom att se pa
uppstroms aktorer sasom materialleverantorer, byggsystemproducenter,
ingenjorer och arkitekter finns en hdég grad av "upptagningskapacitet”
med hdnsyn till att identifiera och anvénda ny kunskap nddvandig for
innovation. Detta galler kanske speciellt for nagra av de karaktarsdrag vi
funnit i nordiska innovationssystem sdsom en stark kunskapsbas inom de
narliggande omradena materialvetenskap, mekanisk industri, design och
konstruktion samt elektronik tillsammans med en hogt utbildad arbets-
kraft i de flesta av branschens delar. De svagt utvecklade relationerna till
externa kompetenscentra sasom forskningsinstitut och universitet har, a
andra sidan, namnts vid flera tillfallen. En ytterligare fundamental svag-
het ar bristen pa undervisning i energieffektivitet i de traditionella utbild-
ningarna for arkitekter, konstruktorer, ingenjorer och konsulter. Aven om
man kan hitta speciella kurser i t.ex. klimatdesign, passiva hus, alternati-
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va uppvarmnings- och kylningstekniker tenderar de att forbli utanfor de
traditionella specialiseringarna tillgangliga for byggsektorn.

Inom tillgang till resurser moter byggsektorn flera fragestéllningar.
De forfaller att paverka innovationer i allménhet och inte speciellt inom
energieffektivitet. Humankapitalet inom sektorn ar en aldrande yrkes-
skicklig arbetskraft samtidigt med ett bristande intresset fran yngre gene-
rationer att ta vid. Denna fraga verkar emellertid ha noterats av beslutsfat-
tare inom utbildningspolitiken i nagra av de nordiska marknaderna, sar-
skilt i Sverige dar nya program har lanserats for att gora det mer attraktivt
for unga utbildade personer att komma in i denna sektor. Byggmarkna-
dens cykliska natur i de nordiska landerna verkar ocksa ha paverkat inve-
steringarna i utvecklingsaktiviteter. Upp- och nedgangarna ségs ha en
effekt pa industrins tillgang till bade finansiellt kapital och humankapital,
vilket fungerar som ett hinder for investeringar i forsknings- och utveck-
lingsaktiviteter.

Om vi slutligen ser pa skapandet av marknader sags byggnormer vara
det viktigaste instrumentet for att skapa efterfragan pa energieffektivitet i
byggnader i flertalet nordiska lander. Effekten har emellertid varit be-
gransad till enskilda tillampningsomraden t.ex. isolering och varmeater-
vinning. Detta tillsammans med en historisk tyngdpunkt pa tekniska spe-
cifikationer (slutligt energibehov per funktionell enhet) medférde glidan-
de forbattringar snarare ar drastiska forandringar. De delade incitamenten
for energiinvesteringar (en part betalar fér investeringen och en annan
betalar energirakningen) har ocksa beskrivits som en marknadsbarriar
men som inte ar unik for den nordiska marknaden utan galler fér bran-
schen internationellt. Det kunde ha funnits en mdjlighet att komma forbi
fragan om dessa delade incitament for den nordiska marknaden med den
starka roll som allméannyttiga bostadsbolag har for att styra marknaden pa
ett annat satt beaktande uppgiften att skapa just allménnytta genom sitt
arbete.

Betraffande rollen for allménna policy-initiativ finns det ett behov av
hdg kanslighet for de speciella karaktarsdrag som ligger i dynamiken i
branschens samverkan. Trots att vi kan identifiera flera mojliga utveck-
lingsvagar for att framja byggnaders energieffektivitet forsvaras accep-
tansen pa projektniva genom systematiska och strukturella egenskaper i
byggsektorns innovationssystem. Dessa har direkta foljder for policies
syftande till att uppna en omvandling mot ett mer energieffektivt byggbe-
stand. | detta sammanhang har den vanligtvis anvanda verktygsladan
bestdende av skattemdéssiga incitament och stod for energieffektivise-
ringsatgarder visat sig ge begransad framgang. Vi drar darfor slutsatsen
att atgarder som aktivt minskar osakerheterna i samband med experimen-
terande med acceptans pa projektniva, underlattar larandet, kunskaps- och
informationsflodet ges storre tyngd i en bransch som karakteriseras av en
fragmenterad kunskapsbas.



42 GMCT project, Energy Efficient Buildings



GMCT Project, Energy Efficient Buildings 43

Appendices

Appendix 1: Final Program for the sector workshop on
energy efficiency in buildings

The sector workshop on energy efficiency in building is held as part of
the Greem Markets and Clean Technologies (GMCT) project. The work-
shop aim is to discuss and provide input into the findings from the case
studies of this report.

The workshop was held on the 13" of March 2007, in Oslo, Norway.
It was generously hosted by the Nordic Innovation Centre (NIC).

Opening the Workshop

9.30-9.45 Introduction of the project and participants, Ake Thidell, IIIEE
9.45 -10.00 Introduction of Nordic Innovation Centre, Sigridur Thormodsdottir, NIC
10.00 — 10.30 Current and future innovation in the building industry, Svend Svendsen, DTU

Session 1: Innovation Case Studies — findings and discussion

10.30-11.30 Innovation in the building sector: cases from the Nordic countries. Presenta-
tion of preliminary findings. Ake Thidell, Tareq Emtairah and Naoko Tojo, IIIEE

11.30 - 12.00 Drivers and barriers to innovation in energy efficiency, Lena Neij, IIIEE

12.00 — 13.00 LUNCH (at Nordic Innovation Center)

Session 2: Industry’s view on improving innovation potentials in energy efficiency of building

13.00 - 13.25 Integrated energy design for energy efficient buildings, Fritjof Salvesen,
KanEnergi AS

13.25-13.50 Launching an innovative product on the market: experiences and challenges,
Arne Hellstrom, Strangbetong

13.50 - 14.15 Industry initiatives and cooperation among sector actors, Per Lilliehorn, Eco-
cycle Council

Session 3: Group discussions and synthesis

14.30 - 14.45 Introduction to group discussions, Naoko Tojo, IIIEE. Group discussions will
focus on three prerequisite for innovation — access to knowledge, access to
resources and the formation to markets.

14.45 - 16.15 Group 1: access to knowledge and resources
Group 2: access to market

16.15 - 17.00 Synthesis of group discussions and final words, IIIEE
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Appendix 2: Participants of the policy workshop

Arne Hellstrom, Strdngbetong AB

Britt-Marie Jansson, Sveriges Arkitekters Miljogrupp

Fritjof Salvesen, KanEnergi

Kajsa Sundberg, Samverkansforum for statliga byggherrar och forvaltare
Karin Ibenholt, ECON AS

Lena Neij, IHIEE, University of Lund

Helene Axelsson, Swedish Energy Agency

Ottar Madslien, GRIP, for beerekraftig produksjon og forbruk
Ove Mgark, Cenergia Energy Consultants

Per Lilliehorn, Ecocycle Council

Sigridur Thormodsdottir, NIC

Svend Svendsen, Technical University of Denmark

Vida Rozite IHIEE, University of Lund/Nordic Energy Research

Project group

Ake Thidell I1IEE, University of Lund

Tareq Emtairah IIIEE, University of Lund

Naoko Tojo IHIEE, University of Lund

Bernadett Kiss IIEE, University of Lund

Petrus Kautto SYKE, Finnish Environment Institute
Paula Kivimaa SYKE, Finnish Environment Institute
Arne Remmen, University of Aalborg

Trine Pippi Kraemer, University of Aalborg

Mads Borup, Risg National Laboratory
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