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Foreword

In 1992, I was appointed as the first officially employed full-time research-
er in the Department of Architecture of the Vrije Universiteit Brussel. My of-
ficial research topic was entitled ‘domotics’, my area of expertise was room
acoustics, my promoter had given me a pile of research articles on low-energy
housing and my colleagues tried to convince me to invest my time in either
materials engineering, structural morphology or sustainable housing for the
poor. I ended up working in a polymer lab investigating microstructural net-
works in new materials developed from household waste to build elements
for developing dismountable energy-efficient low-cost housing to make it
possible to manage our planet more effectively. This remains a great idea that
calls for further research. At that point, however, I was confronted with real-
ity: I had no researchers with whom to exchange ideas, I had insufficient ex-
pertise at the university, I was at the end of my contract and I had no funding
from industry. The general advice that I received was, ‘Find a network’.

I subsequently became unemployed, and I gradually became more patient
and less anxious, realising that it can take a lifetime to achieve only one
small part of an idea. I came to realise that, although connecting multiple dis-
ciplines can be a key to identifying innovative ideas, linking disciplines is far
from daily practice at universities, especially when each professor is focused
on only one small area of specialisation. This apparently cripples the process
of innovation. It was only after considerable hesitation that I finally accept-
ed a position in the Cenergie engineering firm, a spin-off of the University
of Antwerp, focusing on research on energy efficiency. In this position, I was
once again confronted with reality in the daily practice of energy consultan-
cy. I experienced contractors who were incompetent, clients who lacked the
resources needed in order to realise obvious savings, architects who lacked
expertise and a general conservative attitude that always led towards busi-
ness-as-usual. In 1999, [ prepared a minor energy recommendation in which
I combined all optimal energy-saving measures for a small community build-
ing. I reached the conclusion that, with a few minor changes in layout, this
building could also easily do without space heating. Unfortunately, the cli-
ent had no faith in such a solution. Fortunately, the people at Cenergie were
visionaries and innovators. The recommendation revealed an important and
much-needed internal shift from analysing energy-saving measures to deliv-
ering recommendations from the beginning of the design process. This obser-
vation in itself led to the development of many innovative engineering servic-
es, in addition to enhancing the effectiveness of communication with market
actors.

Highly energy-efficient housing became visible during Cenergie’s corpo-
rate visit to the World Expo in Hannover in 2000, where employees had the
opportunity to sleep in a passive house. Although most of us had never expe-
rienced a passive house, they had apparently, been in existence in Germa-
ny since 1992, and hundreds of them had already been built. We wondered



why our well-known university researchers had never told us anything about
them. Consequently, three of us visited the Passivhaus Institut in Darmstadt,
where Wolfgang Feist showed us the many passive house innovations that
were already available on the German market, as well as an entire room filled
with a library of research reports about passive houses. We realised that Bel-
gian enterprises and universities were about ten years behind in research
and technology development. In our spirit of innovation, we concluded that
change was needed. Two of us decided to build the first passive houses in
Belgium. For my part, I decided to focus on the dissemination of knowledge.
Interested actors could be found through connections in daily engineering
practice, and the opportunity arose to ‘create a network’.

In 2002, after two years of preparation - and thanks to generous freedom
provided by Cenergie and Energie Duurzaam - ‘Passiefhuis-Platform’ was
born, which I would coordinate for many years to come, within the frame-
work of an innovation study. The organisation survived after its initial
subsidy, and it now counts more than 350 professional enterprise members
representing a wide range of disciplines from the construction chain, all
supporting the idea of realising passive houses and other forms of highly
energy-efficient construction.

You might wonder why I would conduct studies on developing a market
for highly energy-efficient housing, given that such a market already exists.
The answer is that my choice is largely due to my observation that other net-
works, universities and policy actors still can and need to learn from our
experience. Critical mass must be developed even if we wish to take even a
small step forward in sustainable development. University researchers are
particularly well positioned to set the tone of policy development. Moreover,
the primary critique from various members at Passiefhuis-Platform is that
many education arenas and universities have yet to integrate the available
innovations into their curricula. At OTB, I found a multidisciplinary research
environment that covers both sustainable construction and policy with-
in which to conduct this series of studies. An interesting research question
would have been why universities were so far behind in adopting this passive
house innovation. Although I did not investigate this question, I hope that
this work will ensure that one small aspect of sustainable housing (i.e. energy
efficiency) can no longer be neglected in future innovation research.



1 Introduction

“We cannot solue our problems with the same thinking we
used when we created them’.
Albert Einstein

1.1 The passive house market: an innovation
research opportunity

Our world is facing enormous challenges created by a continuously increas-
ing population of humans with increasing material and energy needs. In the
latter decades of the twentieth century, insights developed in thinking about
a way of ‘managing’ earth, particularly the built environment, in a more so-
cially responsible and resource-efficient way. Design philosophy expressed a
need for low-energy buildings that take account of the natural environment
and a call emerged for ‘integrated design’ processes. A line of thinking devel-
oped that rejected the building skins which create an unfavourable indoor cli-
mate that constantly needs to be corrected with mechanical devices. The de-
sign along the lines of ‘passive solar’ criteria became a respected architectural
approach, using the building skin as the primary climate control.
Furthermore, the oil crises in the 1970s were an important wake-up call
regarding the limited availability of fossil energy and the social implications
of a society’s adherence to oil. Researchers put forward different approaches
and technological options in a bid to significantly reduce the energy used by
housing. The late 1970s saw the emergence of rudimentary ideas for integrated
design concepts for minimum-energy dwellings. Researchers have been intro-
ducing various concepts ever since such as ‘the autonomous house’, ‘the cli-
mate-responsive design’, ‘the passive house’, ‘the (net) zero-energy house’,
‘the zero-carbon house’, ‘the green building’, ‘the sustainability approach’,
‘the exergy-approach’, ‘the carbon-neutral city’, and many more. These con-
cepts put more or less emphasis on energy efficiency of various energy flows,
the use of renewable energies as well as addressing a more responsible behav-
iour by users. As an important element in all these approaches energy efficien-
cy of buildings has always figured as a main theme in research and engineer-
ing. Model projects were built as government money was freed up to promote
energy efficiency. The energy crises of the 1970s led to the first statutory low-
energy standards for new buildings in, for example, Sweden and Denmark. At
that time, many innovations were developed to substantially reduce the ener-
gy used by buildings, including thick thermal insulation, minimised ther-
mal bridges, air-tightness solutions, insulated glazing systems and heat recov-
ery for ventilation. However, the innovators who proposed integrated designs
for minimume-energy dwellings combining various innovations did not find a
strong enough response in the mainstream construction industry. The market
development of such buildings was not essentially a technological problem, but
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rather a social problem of adoption. The construction sector needed to change.

The construction of new homes and the renovation of existing homes cur-
rently offer opportunities to achieve considerable reductions in energy use,
with the goal of decreasing CO, emissions, increasing energy security and
combating climate change and energy poverty. To this end, energy policy pro-
grammes have been introduced in European countries with the goal of rais-
ing (and continuing to raise) the energy-performance standards for homes.
For example, the European Energy Performance of Buildings Directive (EPBD,
2010) has been revised in such a way that member states must now introduce
obligations for achieving nearly zero-energy newly built construction by 2020.
Researchers and policymakers are now expected to provide valuable recom-
mendations for how to interpret the requirements of the European Directive
(EPBD, 2010) for introducing nearly zero-energy homes by 2020. At the same
time, the construction sector must now prepare for a socio-technical transi-
tion towards a volume market of such highly energy-efficient housing.

Regarding the experience of limited diffusion of integrated design concepts
in the previous decades, it is nonetheless logical to consider whether we
can expect enterprises, users and policymakers to move smoothly into this
required transition. Some researchers (Silvester, 1996; van Hal, 2000; Feme-
nias, 2004) have noted that, if we are not careful, we might remain in a dem-
onstration phase with regard to sustainable housing without ever progressing
into the mainstream market. On the one hand, the state of the art regarding
available energy efficient technology solutions is already relatively advanced.
On the other hand, the implementation of highly-energy efficient buildings is
still at an early market development stage in most European countries, and it
is proving difficult to diffuse integrated concept solutions beyond the demon-
stration phase (IEA, 2006; Rgdsjg et al., 2010). The construction sector appears
to be experiencing difficulty in moving integrated design concepts from dem-
onstration projects to volume market and in introducing, adopting and diffus-
ing related innovative technologies and systemic solutions.

As previous explained, various concepts have already been introduced in
research and engineering, and of these the ‘passive houses’, also known as
‘Passivhaus’ projects, appear to be very successful beyond the demonstra-
tion project and across various countries. Passive houses are therefore worth
studying as an illustration of a successful market introduction of a concept
and lessons can be learnt how various integrated design concepts could dif-
fuse in the construction sector. Worldwide research by the International Ener-
gy Agency has revealed the strong influence of the passive house concept on
the achievement of a market development of highly energy efficient hous-
ing (IEA, 2006; Rgdsjg et al., 2010; Haavik et al., 2012). Authors are currently
observing the emergence of a passive house market in almost all European
countries, with variations in the rate of adoption across countries and market
segments (e.g. new residential construction, home renovation and non-resi-



dential buildings; see Haavik et al., 2012). In general, the numbers of renovat-
ed projects with high energy-efficiency performance are still limited in most
countries, although a renovation market niche is emerging from experiences
with newly built houses (Haavik et al., 2012). In addition to differences in mar-
ket segments, some countries and regions are faster than others are to adopt
highly energy-efficient housing. Figure 1.1 illustrates how the passive house
market is rapidly developing in Austria, and Figure 1.2 illustrates the current
development of innovation.

Currently, the residential passive house market is more advanced in cen-
tral European countries (PEP, 2008). The market introduction of passive hous-
es started with newly built projects in Germany in the 1990s. Following these
documented German examples, clients and supply-side actors built thou-
sands of passive houses in Austria, Germany and Switzerland. The informa-
tion gradually spread to other European countries as well. Passive house pro-
jects have recurred steadily in most European countries, although a majori-
ty of the market has yet to be reached. Regional differences also exist with-
in countries. For example, in some frontrunner regions (e.g. social housing in
Vorarlberg in Austria), passive house requirements have been introduced as
obligatory, thus paving the way to reaching an early majority of the market
(Haavik et al., 2012).

While Austria, Germany and Switzerland started by developing a niche
market for passive houses, other countries (e.g. the Netherlands and Belgium)
did not realise their first passive houses until the beginning of this centu-
ry (PEP, 2008). Countries that have been slower to develop the passive house
market can learn from other countries and regions regarding processes that
facilitate adoption by enterprises and users, as well as with regard to policies
for stimulating innovation and deployment. The passive house experiences in
‘frontrunners’ are therefore an interesting topic of study for purposes of guid-
ing energy and innovation policy development in Belgium, the Netherlands
and other countries with a slower market development. For example, while
the construction sectors in Germany, Austria, Switzerland and even Belgium
have had considerable experience with the implementation of innovative
passive house technologies and related business and policy innovation, the
concept continues to be treated as an innovation in the Dutch market. This
perception implies that the passive house concept still requires careful scien-
tific validation, which could possibly result in market introduction, adoption
by business and customers, and integration into policy (PEP, 2008).

It might be interesting to draw generic lessons from the Belgian situation,
where the market development for passive houses can be considered more
advanced than in the Netherlands, and where a rapid adoption of the con-
cept by businesses, end users and policymakers has been observed. For exam-
ple, more than 350 companies are already supplying passive house solutions
in Flanders, northern Belgium, and as a European frontrunner the Brussels
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Figure 1.1 Follow-up and projection of the development of the passive house market in Austria
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Figure 1.2 Product Life Cycle curve illustrated for passive house development

>

Innovators Early Early Late Laggards
adapters majority___ majority

Sales volume

Introduction Withdrawal

Growth Maturity ~ Decline

Time
. Energy-efficient renovation

. New passive houses Switzerland, Germany and Austria
. New passive houses in Voralberg, Austria
Source: Haavik et al. (2012)

Capital Region has pledged to introduce passive house requirements as a con-
struction standard for newly built construction by 2015. On the other hand,
research could also draw lessons from countries in which the market is even
more developed (e.g. Austria, Germany and Switzerland).



The topic of adoption and diffusion of innovations (e.g. passive houses) pro-
vides an interesting research opportunity, and it can contribute to the devel-
opment of innovation theory. From theory, scientists have found that the
speed with which companies adopt innovation can be influenced by societal,
technical, economical, geographical and policy circumstances (see e.g. Rogers,
2003). Such ‘innovation-diffusion’ processes have been studied for the intro-
duction of various technologies (Rogers, 2003). In addition, strategic niche
management scientists (Kemp, 1994; Kemp et al., 1998; Rotmans et al., 2000;
Schot et al., 1994; Vanden Belt and Rip, 1984) have developed models and path-
ways through which niche processes for innovation can emerge and bring
about broader changes. Such broader changes occur in relation to expecta-
tions and visions (Kemp et al., 1998), as well as in relation to a wider contextu-
al ‘landscape’, which consists of societal factors (demographics, political cul-
ture, lifestyles and the economic system), which can change only slowly over
time (Raven, 2005). In addition, marketing researchers highlighted the impor-
tance of key issues for innovation development, including the stimulation of
enterprise collaboration (Porter, 1998), addressing specific user segments (IEA,
2006) and the use of approaches that target specific market phases (Rgdsjo
et al., 2010). Even environmental behaviour scientists have contributed to the
field of innovation-diffusion theory by showing models of how clients can be
motivated to adopt innovations with an environmental benefit (Jones and De
Meyere, 2011).

Scientific literature is nevertheless scarce with regard to the barriers and
opportunities that can impede or stimulate the effective adoption of inte-
grated design concepts and highly energy-efficient innovation in construc-
tion companies, as well as with regard to why enterprises and users decide
to adopt and experience systemic solutions (e.g. passive houses). While sci-
entists have described innovation-diffusion theory approaches and specif-
ic analyses to highlight the importance of processes, social factors and land-
scape factors, such theoretical approaches have only rarely been applied to
the investigation of innovation barriers and opportunities with regard to
highly energy-efficient housing. While marketing scientists acknowledge the
presence of market-development gaps between various market phases for
various technologies, factors influencing these gaps and the transition from
one development phase to the next are also less well understood, and they
are only rarely investigated for the construction sector. Theoretical approach-
es that can help leading the market to innovation deployment should there-
fore be studied in more detail — particularly for integrated design concepts
for the segment of highly energy-efficient housing - in order to develop bet-
ter and more scientific ways of guiding enterprises, users and policymakers
towards the wider adoption of highly energy-efficient housing. The Europe-
an passive house market development is widely acknowledged, and it can be
used as a new source for scientific investigation.
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As mentioned earlier the topic of passive houses is certainly of interest as
an example of successful diffusion of an integrated design concept beyond
the demonstration phase. With a German, Austrian and Swiss background, it
is not ‘brand new’ as an innovation. Nevertheless increasing energy efficien-
cy of buildings is key for a more sustainable development and entering new
markets — such as Belgium and the Netherlands - is crucial to support the EU
goals and the proposed innovation studies carry the potential to catalyse this
process. The previous discussion shows that concepts and actors can promote
innovation, and innovations (e.g. passive houses) can move into the main-
stream. It is important to consider which lessons this development could pro-
vide for process and policy changes with regard to the delivery of highly ener-
gy-efficient homes and deployment of innovation in countries and regions,
especially those with an emerging passive house development. It could also
offer insights that could stimulate the development of a volume market in
countries and regions in which the market is entering the mainstream.

To relate to both the practical and scientific challenges described earlier,
the present work applied various theoretical approaches to investigate sev-
eral research questions (see further) related to the adoption of passive hous-
es by companies, customers and policymakers. A series of innovation studies
have generated valuable generic lessons for developing innovation theory and
the uptake of innovation for highly energy-efficient homes. The primary focus
was on newly built houses and on passive houses, but many lessons apply
to major renovations as well. Although research drew mainly on the devel-
opment of the passive house market, the models used and lessons on theory
can be applied by other scientists in the deployment of other energy-efficient
integrated design concepts (most notably ‘zero-carbon’ homes, ‘net zero-
energy homes’ and ‘energy-plus homes’), as well as other concept approach-
es (e.g. based on sufficiency, renewale energy, sustainability criteria). At the
same time, the lessons provided can nurture the further development of sev-
eral theoretical frameworks, including innovation diffusion, systemic innova-
tion and the marketing of housing.

In the following section of this introductory chapter, several overarching
issues (combating climate change, securing energy supply, combating the
economic crisis) are explained in order to provide insight into why enterpris-
es, customers and particularly policymakers should focus on achieving high
energy efficiency in homes. This section provides an overview of ‘landscape’
factors influencing the market development of highly energy-efficient homes.
It also provides a concise overview of European and Dutch policy changes
that are expected to influence the construction sector. Following this discus-
sion, the research problem and goal are defined and research questions are
developed with regard to adoption by enterprises, users and policymakers.
This is followed by a brief introduction of the applied theories of innovation
research and the research methods, along with an explanation of the limita-



tions of the research. The chapter concludes with an overview of the structure
of the entire study and how it can be read.

1.2 Drivers of high energy efficiency;
opportunities for innovation

First, it is important to understand the most important expectations and
landscape factors that can affect the construction sector’s transition towards
highly energy-efficient housing.

1.2.1 Combating climate change and reducing green-
house gas emissions

The promotion of ‘efficient energy use’ (in short ‘energy efficiency’), is an es-
sential element in the achievement of the climate-change mitigation goals
specified in the United Nations Framework Convention on Climate Change
and its Protocols (Pachauri and Reisinger, 2007).

Greenhouse gas emissions lead to increasing global temperatures, which
can have major implications on the global physical environment, influenc-
ing ecosystems, water supply and crop and animal productivity (Pachuari and
Reisinger, 2007; Bresser et al., 2005). Within the framework of the Kyoto Pro-
tocol, most developed countries have engaged in combating climate change
by reducing emissions of six greenhouse gases! by an average of over 5%, as
compared to 1990 levels (UNFCCC, 1998). According to the agreement, this
reduction should already have been achieved between 2008 and 2012, but
the global reduction of CO, emissions was not successful. Under the super-
vision of the European Community, the Netherlands was required to reduce
CO, emissions by 6%. In 2007, the Bali Action Plan was adopted, stating that
industrialised countries should have measurable, verifiable and comparable
actions and percentages for reducing greenhouse gas emissions. International
agreements to achieve the main objective of the UN Climate Convention have
yet to be made for the post-2012 period (VROM, 2008).

An even more important driver appears to the European Council’s 2007
agreement to establish deeper absolute emission-reduction commitments
and to cut greenhouse gas emissions in the European Union (EU) by at least
20% by 2020 relative to current levels. The Council also endorsed a commit-
ment to reduce emissions by 30%, as part of a comprehensive, global climate
agreement beyond 2012, provided other developed countries adopt compa-
rable reductions and provided that developing countries that are more eco-

1 CO,, CH4 and N,O and the fluorine compounds HFK, PFK and SF,.
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nomically advanced contribute as well. As part of a decision by the European
Commission’s Environment Council (20 February 2007) and the Spring Euro-
pean Council (2007), an appropriate European framework was proposed to
enhance efforts to address adaptation by increasing cooperation in the are-
as of technology, research, development, diffusion, deployment and transfer.

In addition, local authorities are increasingly placing climate issues high
on their agendas. More regional authorities are demonstrating a high lev-
el of ambition with regard to ecological and climate protection. This can be
observed in the increasing number of members of European initiatives (e.g.
the ‘Climate Alliance of European Cities’ and ‘Energy Cities’). Municipalities
are also engaging in local Kyoto targets and CO, neutral community develop-
ments, and many have signed the European Covenant of Mayors for formalis-
ing energy-saving and climate-protection objectives.

Globally, around 65% of greenhouse gas emissions are energy related. The
most important greenhouse gas is carbon dioxide (CO,), accounting for 82% of
total EU emissions in 2002 (Balaras et al., 2007). A majority of global emissions
are produced from power generation and distribution (24%; Williams, 2012).
About 39% of total EU emissions of CO, originate from electricity and heat
production (Balaras et al., 2007).

Most climate researchers currently agree that a global temperature rise
above 2 K would lead to serious difficulties with regard to maintaining cur-
rent human settlements and safeguarding ecosystems. For example, pre-
sent trends may accelerate sea-level rise and land subsidence, thereby lead-
ing to serious problems in the lower-lying regions (e.g. the Netherlands) in the
second half of the 215t century (Bresser et al., 2005). The is a major challenge:
with current atmosphere CO,-equivalent concentrations, avoiding global
warming in excess of 2 K would require reducing CO, emissions related to
fossil fuel to almost zero by 2050 (Aitken et al., 2004).

Buildings contribute significantly to global greenhouse gas emissions (8%,
largely CO, emissions; Williams, 2012). Reducing CO, emissions from build-
ings, largely due to energy use related to fossil fuels? is an important focus
within this debate on energy and climate. Buildings represent the largest end-
energy use, accounting for approximately 40% of the world’s total energy use
(Laustsen, 2008). Europe’s buildings are a large energy user as well, compris-
ing 40% of final energy use and 36% of CO, emissions in the EU (EC, 2003;

2 The most polluting fuel (in terms of CO,, SO,, NO, and particulate emissions) is coal, followed by oil (Balaras
et al., 2005). In the United States, buildings are estimated to account for about 35% of CO, emissions, 50% of
sulphur dioxide emissions, 22% of nitrous oxide emissions and about 10% of particulate emissions (Vine, 2003).
As a solution for reducing carbon emissions, nuclear energy is regarded as too easy and addictive, and it is con-
sidered likely to reduce pressure to develop innovations in terms of renewable energy sources, in addition to act-

ing as a disincentive with regard to energy efficiency (Sunikka, 2006).



Itard et al., 2008; ACE et al., 2009). In 2000, energy use in residential buildings
accounted for about 65% of the total final energy demand in the building sec-
tor (including all buildings in the residential and tertiary sectors), with house-
holds using 244.7 Mtoe in EU-15 and 279.1 Mtoe in EU-25 (Balaras et al., 2005)3.
In the Netherlands, the built environment currently accounts for approxi-
mately a third of the total primary energy use. According to Statistics Nether-
lands (CBS), most of this energy (largely of natural gas and electricity) is used
for providing a comfortable indoor temperature and climate (heating, cooling
and ventilation), producing hot water and operating electrical appliances.

Buildings have an estimated potential to reduce global greenhouse gas
emissions by around 20-30% (1000-1100 MtCO,,eq/yr) in the year 2020
(Pachauri and Reisinger, 2007). There is significant potential for cost-effective
energy savings and CO,-emission reductions in both new and existing build-
ings (McKinsey and Company, 2009).

1.2.2 Securing energy supply

The issue of energy efficiency is also directly related to energy security. Eu-
ropean countries spend about 3% of their gross domestic product on oil and
gas imports, thereby supporting Russian oligarchs and oil-exporting countries
(e.g. Libya and Iran) through the purchase of oil and gas. In the 12 months
from October 2010 to September 2011, import dependency has cost the 27 EU
countries around €408 billion. During the same period, the account deficit of
the EU 27 was about €119 billion (Liese, 2012). Reducing dependence on ener-
gy providers (and on uncertain future energy costs), as well as on resources
from unstable regions is therefore an important policy issue at the European,
national, regional and municipal levels. Some municipalities (e.g. Kristianstad
in Sweden) and regions (e.g. Samsg in Denmark and Vaxjo in Sweden) already
profile themselves as fossil-fuel-free communities. Energy imports affect the
development of prices (up to economic instability) and the generation of po-
litical conflicts. Reductions in energy use help to reduce dependence on ener-
gy imports. For most countries, however, security of supply can be obtained
only when energy imports are sufficiently low.

To eliminate problems of energy security, regions, nations or groups of
nations must become more self-sufficient. To this end, the European Commis-
sion* has proposed a wide-ranging energy package that provides a new boost
to energy security in Europe (e.g. by advancing a new strategy for building

3 Prior to the accession of ten candidate countries on 1 May 2004, there were 15 member countries in the Euro-
pean Union. On January 1%, 2007, two additional countries joined, thus resulting in the EU-27.
4 Discussion and policy documents available online: http://ec.europa.eu/energy/strategies/2008/2008_11_ser2_

en.htm, accessed: 29 June 2012.



[10]

energy solidarity among member states and proposing an Energy Security and

Solidarity Action Plan to secure sustainable energy supplies within the EU).
Against this background, in late 2006, the EU pledged to reduce its annu-

al use of primary energy by 20% by 2020. In March 2007, the European Council

formalised the following policy goals for 2020:

B [ncrease energy efficiency to achieve a reduction of 20% in total energy use
(below 2005 levels).

B Achieve a 20% contribution of renewable energies to total energy use (11.5%
above 2005 contribution).

B Achieve a 20% reduction of greenhouse gases below 1990 emissions (14%
below 2005 emissions).>

On the one hand, this means that energy demand must be decreased through
energy-efficiency measures. On the other hand, once demand is reduced, it
becomes more feasible to replace finite sources of energy with renewable
sources. In some cases involving new developments, it can even become fea-
sible to eliminate the need for new energy sources® or fossil fuels.

Various studies have demonstrated the dominance of energy use for space
heating in household energy use (ECN and RIVM, 1998; Van der Waals, 2001;
De Jonge, 2005; Klunder, 2005; Itard et al., 2008). For example, researchers from
Enerdata (2003) demonstrated that household energy use by end-users in
EU-15 member states is dominated by space heating (70%), followed by water
heating (14%) and electrical appliances and lighting (12%)’. These results
indicate that greater carbon-reduction potential — particularly the reduction
of energy demand for space heating — could make a major contribution to
achieving climate change and energy-security objectives.

Various researchers have called for improving energy efficiency by a factor
of four on average (relative to current rates) over 25 years (Von Weizsacker et

5 Targets elaborated within the document E2B Impact Assessment, Version 2, February 2009.

6 For example, |G Passivhaus Austria reports a case in which a new urban neighbourhood development in Austria
was planned with a new power-generation plant for the district. Once the energy need was calculated for the dis-
trict (if executed as passive houses), however, it appeared that the investment in new energy-production facilities
could be avoided entirely (communication by Giinter Lang, |G Passivhaus, 2008).

7 Research data can vary according to the research strategy used. However, the dominance of space heating has
always been prevalent. For example, for European residential buildings, Chwieduk (2003) estimates that about
57% of all final energy use is used for space heating, 25% for domestic hot water and 11% for electricity. Itard
and colleagues (2008) demonstrated that, on average, tap water and space heating are responsible for over 60%
of final energy use in both residential and non-residential stocks. On average, the residential stock (comprising
households) is responsible for 30% of total final energy use, with use proportional to the useful floor area

(Itard et al., 2008). It can also be noted that household energy demand is expected to increase by 0.6% pa in

2000-2030, largely due to the increasing number of households (Balaras et al., 2005).



al., 1998; Raad voor het Milieubeheer, 1996; Reijnders, 1998). Von Weizsédcker
and colleagues (1998) describe the example of the ‘passive house’ as an
illustration of a possible system solution for residential buildings in order
to achieve such targets, compared to newly built constructions realised
according to current methods (von Weizsacker et al., 1998). Today, thousands
of passive house demonstration projects in many European countries have
already provided convincing data suggesting that reducing the demand for
non-renewable energy by a factor of four, relative to national building energy-
performance standards is not only possible, but also realistic, while maintain-
ing good comfort conditions during winter and summer (PEP, 2008; Schnie-
ders, 2003; Schnieders and Hermelink, 2006; Mahdavi and Doppelbauer, 2010).
In addition, compared to other highly energy-efficient housing concepts, the
passive house appears to be robust with regard to behavioural influences
(Schnieders 2003, Schnieders and Hermelink, 2006).

1.2.3 Combating the economic crisis

In order to combat the economic crisis, Europe will be focusing on econom-
ic savings and growth in the coming years. Creating jobs, providing cost-effec-
tive solutions and combating energy poverty will be important items on the
policy agenda.

The shift in focus from energy production towards energy efficiency is
expected to have a significant economic effect. According to FIEC (the Euro-
pean umbrella organisation of contractor federations), in 2007 the European
construction sector accounted for 30% of industrial employment, contributing
to about 10.4% of the gross domestic product, with three million enterpris-
es, 95% of which are small and medium-sized enterprises (SMEs). In all, 48.9
million workers in the EU are dependent upon the construction sector (either
directly or indirectly). Within the construction market, the industrial building
sector (residential and non-residential) is the largest economic sector, as such
construction and refurbishments accounted for 80% (€1,200 billion) of the
total output of the construction sector (€1,519 billion) of EU27 in 2007.

The European Commission highlights opportunities for new investment,
cost savings and jobs that a low-carbon economy would provide and presents
a strategic plan for accelerating the development of such opportunities and
the deployment of cost-effective low-carbon technologies.® According to cal-
culations by the European Commission (COM (2005) 0265 final), around one
million jobs could be created in Europe (mainly in national SMEs and Euro-
pean industries) through the direct and indirect effects of increasing energy

8 Discussion and policy documents available online: http://ec.europa.eu/energy/strategies/2008/2008_11_ser2_

en.htm, accessed: 11 June 2012.
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efficiency. In addition, calculations by the European Commission (COM (2008)
772) estimate that an average household could save at least €1,000 per year
through energy efficiency measures.

The strategic plan of the European Commission therefore includes meas-
ures relating to planning, implementation, resources and international coop-
eration in the field of energy technology (EC, 2007). Various initiatives (includ-
ing within the construction sector) are seeking to exchange and apply good
practices to improve their energy efficiency and promote low-carbon business
and economic development. For example, various EU programmes have
been established to investigate, highlight or promote policy, economic, social
and technological opportunities related to establishing higher energy effi-
ciency in the building sector (e.g. Intelligent Energy Europe, SAVE, ALTENER,
ERACOBUILD). Further, the Covenant of Mayors® is an ambitious Commission
initiative that seeks to bring together the mayors of Europe’s most pioneering
cities in a permanent network in order to exchange and apply good practices
aimed at improving their energy efficiency and promoting low-carbon busi-
ness and economic development.

In addition, the awareness of possible future ‘energy poverty’ is on the
political agenda of many countries. In the long term, energy prices are
expected to rise due to decreasing resources, even to levels that would endan-
ger the economic buying power of households and rental income from social
housing enterprises (Rgdsjg et al., 2010). The most feasible way of combating
energy poverty would be to reduce energy-related expenses. Energy-efficient
buildings could reduce the energy bills of households and businesses.

1.2.4 European policy development

It is thus widely recognised that energy use in housing has a significant im-
pact on the global production of greenhouse gases - particularly CO, emis-
sions. Furthermore, energy-efficient housing provides opportunities for secur-
ing energy supply, creating jobs and assuring the purchasing power of occu-
pants. Europe has therefore agreed a forward-looking political agenda in or-
der to achieve its core objectives of combating climate change and ensuring
competitiveness and security of supply. Improving energy efficiency is ex-
pected to prove decisive for competitiveness, security of supply and the abili-
ty to meet the commitments on climate change made under such agreements
as the Kyoto Protocol. Meanwhile, with regard to the challenges that Europe
will face between 2020 and 2050, a package of energy-efficiency policy pro-
posals is being adopted, with the goal of realising energy savings in such key
areas as buildings and energy-using products.

9 http://www.eumajors.eu, accessed: 11 June 2012.



The recent recast of the Directive on Energy Performance in Buildings
(EPBD, 2010), which was approved 19 May 2010, can be seen a major legisla-
tive instrument affecting energy use and efficiency in the EU building sector,
as it significantly increases the required energy-efficiency levels for EU build-
ings. In addition, the objectives of the European Community Competitiveness
and Innovation Framework (2007 to 2013) include significant and demonstra-
ble progress towards achieving a more efficient and responsible use of energy.
In line with the European Economic Recovery Plan, further strategic targets
affecting Energy Efficiency in Buildings and the associated innovation poten-
tial are also associated with the following policies (EeB, 2009): the EU Lisbon
Strategy for Growth and Jobs; the Barcelona 3% RTD intensity objective; the
Action Plan on Energy Efficiency in Europe (saving 20% by 2020); the Direc-
tive on End-use Energy Efficiency and Energy Services; the White Paper on
Renewable Energy Sources (RES); the Action Plan on Energy Efficiency (‘Doing
More with Less’); the Directive on Electricity from Renewable Energy Sourc-
es; the Directive on eco-design of end-use energy using equipment; the Direc-
tive on energy labelling for appliances; the Directive on high-efficiency cogen-
eration based on heat demand; the European Strategic Energy Technology
Plan; the Environmental Technology Action Plan; the EU Sustainable Develop-
ment Strategy; the Green Paper Towards a European Strategy for the Security
of Energy Supply; the EU leadership and mandate of the Kyoto Protocol inter-
nationally assumed in Bali and Poznan; and the i2010 Strategy and Communi-
cation.

European member states are expected to implement these Directives in
their national policies and to take into account the Plans and Protocols in
their policy development. This policy agenda is expected to lead to substan-
tial change in Europe’s energy system and construction sector in the com-
ing years, with active involvement from public authorities, energy regula-
tors, infrastructure operators, the energy industry, the construction indus-
try and citizens. The ‘landscape push’ thus implies making choices for ener-
gy efficiency and investments in innovation during a time of economic cri-
sis. Within these side conditions, capturing the energy-efficiency potential
of residential buildings will be a major challenge. One of the most difficult
problems in the coming decades will involve the decarbonisation of the built
environment (Oreszczyn and Lowe, 2010). Nevertheless, significant potential
exists to reduce the rate of future emissions in the building sector by promot-
ing the more rapid uptake of energy efficiency in buildings (Wiel et al., 1998;
McKinsey and Company, 2009). Realising this potential will require change
on a massive scale, strong global cross-sectoral action and commitment, in
addition to a strong policy framework (McKinsey and Company, 2009). This
transition will require the mobilisation of scientists, decision-makers and
market operators.



1.2.5 The development of the policy framework in the
Netherlands

As early as the 1990s, Dutch policy development acknowledged that both re-
newable energy sources and energy-efficiency measures have an important
potential for reducing CO, emissions and securing the energy supply (Lysen,
1989). Dutch researchers (Lysen, 1996; Duijvestein, 1997) recommended inte-
grating energy efficiency, renewables and the clean use of fossil fuels in ener-
gy policies in three consecutive steps (the Trias Energetica):°

1.Permanent increase in energy efficiency

2. Augmented use of renewables

3.Cleaner use of remaining fossil fuels.

The Dutch interpretation of the European Directive on Energy Performance in
Buildings (EPBD, 2002) before its recast (EPBD, 2010) was officially approved in
January 2008. Since then, several policy initiatives have been launched in or-
der to improve the energy efficiency of housing. For example, the Dutch Plat-
form Energy Transition in the Built Environment (PEGO)!! was a cooperative
effort of government, industry, knowledge institutes and non-governmental
organisations. In January 2008, these actors committed themselves in a cov-
enant entitled ‘More with Less’ (‘Meer met Minder’), which involves realis-
ing energy savings of 30% in 2.4 million existing houses and other buildings
by 2020. Pilot projects are currently being built (VROM, 2008). The redefined
covenant, which was approved recently, emphasises the achievement of sup-
ply-chain collaboration and the development of quality assurance for improv-
ing 300,000 houses each year, through two energy-label steps.'? The improve-
ments in the energy efficiency of the existing housing stock are also support-
ed by the social housing, rental and real estate sectors (see ‘Convenant Ener-
giebesparing Huursector’).!?

Specific policy targets and programmes for energy-efficient newly built

10 The term ‘Trias Energetica’ — also known as ‘Trias Energica’ - relates to the integration of the three elements
described above (Lysen, 1996). This integration of major elements of all energy strategies is also known as the
‘3-step strategy’ (Duijvestein, 1997), which Dutch researchers have expanded for passive houses towards the
‘Kyoto pyramid’ (PEP, 2008).

11 Note by A. van Hal: PEGO ceased to exist in spring 2012.

12 http://www.rijksoverheid.nl/onderwerpen/energielabel-woning/documenten-en-publicaties/convenant-
en/2012/06/28/convenant-energiebesparing-bestaande-woningen-en-gebouwen.html?ns_campaign=documenten-
en-publicaties-over-het-onderwerp-energielabel-woning&ns_channel=att, accessed: 2 August 2012.

13 http://www.rijksoverheid.nl/onderwerpen/energielabel-woning/documenten-en-publicaties/convenant-
en/2012/06/28/convenant-huursector.html?ns_campaign=documenten-en-publicaties-over-het-onderwerp-ener-

gielabel-woning&ns_channel=att, accessed: 2 August 2012.
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housing were also defined in collaboration with the housing sector.** In par-
ticular, the ‘Spring Agreement’ (‘LenteAkkoord’, 22 October 2008,%*> redefined
28 June 2012) initiated a framework for cooperation amongst several local
initiatives and specified energy-reduction milestones for newly built hous-
es: 25% in 2010, 50% in 2015, and even more for pilot regions. The recently
revised version' strengthens the pathway towards achieving energy-neutral
newly built construction by 2020.

Parallel to energy policies, specific innovation policy programmes are also
guiding the development of innovation. In particular, innovation in SMEs was
facilitated by the Dutch innovation-voucher scheme (until 2011),’® as well
as by innovation-performance contracts that allowed 10 to 20 companies to
work together on innovation strategies.’ ‘Energy’ was also defined as a major
sector for innovation in the Netherlands.?? While the ‘Clean and Efficient’ pro-
gramme primarily concentrated on breaking the social trend, the programme
Entrepreneurial Innovation in the Netherlands (‘Nederland Ondernemend
Innovatieland’)?! aimed to make better use of current knowledge and inno-
vative entrepreneurial skills. The main objective regarding Dutch innovation
policy for achieving energy-neutral new construction and sustainable exist-

14 Under the previous administration (Balkenende 1V), the Netherlands specified the goal of reducing energy use
by 25% in 500,000 houses/buildings in the period 2008-2011, with another 300,000 houses/buildings each year,
beginning in 2012. An agreement with the social housing board specified a 25% reduction in gas use by 2020,
compared to 2008.

15 http://www.lente-akkoord.nl/, accessed: 11 June 2012.

16 For non-residential buildings, the reduction goal was 50% by 2017. On 28 June 2012, the Spring Agreement
was redefined after four years, combining energy reduction with user wishes. Although the ambition level for en-
ergy reduction for newly-built construction remains the same, the government has now placed stronger emphasis
on bringing the message of energy reduction to the end-user, by more directly appealing to perceived advantages
(e.g. increased comfort, a healthy indoor climate, reduced energy costs and increased value).

17 http://www.rijksoverheid.nl/onderwerpen/energielabel-woning/documenten-en-publicaties/convenant-
en/2012/06/28/convenant-herijkt-lente-akkoord.html|?ns_campaign=documenten-en-publicaties-over-het-onderw-
erp-energielabel-woning&ns_channel=att, accessed: 2 August 2012.

18 Source: http://www.kvoucher.eu, accessed: 11 June 2012.

19 Source: http://www.agentschapnl.nl/organisatie/divisies/divisie/NL%20lnnovatie and https://zoek.officiel-
ebekendmakingen.nl/stcrt-2012-10598.html, accessed: 11 June 2012.

20 Source: https://zoek.officielebekendmakingen.nl/kst-32637-15.html, accessed: 11 June 2012.

21 NOI programme, Ministry of Economic Affairs, November 2007.

22 Innovation programme for Climate-neutral Cities (Innovatieprogramma Klimaatneutrale Steden, or IKS).
AgencyNL received 43 demonstration project proposals from communities. In 2012, 12 communities received
grants for developing their plans regarding sustainable energy production and energy saving, and eight
communities received cheques for process costs related to the implementation of their plans.

Source: http://www.agentschapnl.nl/programmas-regelingen/klimaatneutrale-steden, accessed: 11 June 2012.
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ing buildings was to define initiatives to ensure the achievement of the 2020
targets. More specifically, with regard to the built environment, the Climate-
Neutral Cities innovation programme?? helps Dutch communities to realise
process innovations and plans for achieving climate neutrality. The Energy
Innovation Agenda combines innovation issues of both programmes (‘Clean
and Efficient’ and ‘Nederland Ondernemend Innovatieland’), generating a sin-
gle agenda for energy innovation, thematically based on the work achieved by
the Energy Transition Platforms (Hameetman et al., 2009). The ‘Built Environ-
ment Innovation Agenda’ (IAGO) aims to encourage and realise the necessary
activities and instruments, including innovative steps for existing buildings,
as well as innovation in new buildings.

Recently, the Dutch Ministry of the Interior and Kingdom Relations (BZK)
implemented the ‘Energy Leap’ (‘Energiesprong’) programme, which combines
elements from innovation policy, as a follow-up to the PEGO programme. The
Energy Leap programme aims to make a substantial contribution to the con-
ditions under which the energy transition can be achieved effectively. It fur-
ther aims to deliver and upscale market-proof concepts that are 80% more
energy efficient than previous market developments had been. The starting
point for the programme is embedded within the government objectives, as
expressed in the Built Environment Innovation Agenda (IAGO). For new build-
ings, it aims to create the market conditions for (and examples of) market-
ready concepts that can lead to a 100% reduction in the use of fossil energy
for heating and cooling (amongst other goals). For the retrofitting of existing
buildings, it aims to create the market conditions for (and examples of) mar-
ket-ready concepts that can lead to reductions of between 50% and 75% in
the use of fossil energy for heating and cooling.?*> Knowledge sharing, chain
cooperation and value creation are now seen as necessary preconditions for
developing experiments and a successful transition.

In the Netherlands, a combination of measures (e.g. market stimulation,
target setting in covenants, legislation and support of innovation) is thus
already being developed. If we are to meet the established goals, we must
accelerate the transformation of the energy and housing market significant-
ly (see also: Moniz, 2010; Rgdsjg et al., 2010), in addition to addressing barri-
ers to innovation diffusion and early market development. Within this frame-
work of urgency, it is useful to investigate the market introduction of highly
energy-efficient housing concepts as an innovation, in order to contribute to
the required transition and to eliminate innovation and energy policy barriers
with identified opportunities, specifically for the home-construction sector.

23 Source: presentation by lvo Opstelten (SEV): http://energiesprong.nl/wp-content/uploads/2011/12/ES-

longtermplan-def.pdf, accessed: 3 July 2012.



1.2.6 The passive house potential in Belgium and the
Netherlands

The focus of the passive house concept is on applying mandatory limits in
terms of space heating demand to 15 kWh/m?a.?* As space heating domi-
nates energy use in homes located in northern, western, eastern and central
European regions, the passive house concept has become a European wide
accepted solution to reach a significant energy demand reduction in the built
environment (Elswijk and Kaan, 2008). In 2006, the European research project
‘Promotion of European Passive Houses - PEP’ calculated that in Europe an
average energy reduction of 50% to 65% can be obtained per house compared
to the business as usual. This estimate was based on national calculations.
For example, the following scenario? illustrates how the implementation of
passive houses was commented to contribute to greenhouse gas emission
reduction in Belgium.

In Flanders in 2006 every passive house was estimated to save about 2,000
kWh electricity use (5,000 kWh primary energy use); every newly built pas-
sive house would additionally save 19,718 kWh gas compared to business as
usual; every renovation towards passive house would save about 27,590 kWh
gas per family. Taking into account the national emission factors for electric-
ity and gas, every newly built passive house saves more than 5 ton CO, emis-
sion and every major renovation towards a passive house more than 7 ton
CO,. In a very modest scenario of 2,500 newly built housing units per year
and 1,500 passive house renovations per year this would already contribute
to a saving of about 28,600 ton CO, per year. If 10% of the newly built hous-
es and major renovations would have been realized as passive house, the
government would have saved about €870,000 due to avoiding having to pay
for emission rights. In practice, this money would have been better spent for
allowing grants for passive houses.

Most European countries have made progress in reduction of energy use
in the housing sector and the introduction of incentives since 2006 and most
countries are still continuously reinforcing the energy efficiency obligations.
However, the application of the passive house in newly built construction still
can save a factor two to four in space heating energy demand, compared to
current national obligations. The energy saving potential in major renova-
tions is still of a similar magnitude.

Regional circumstances and conditions can influence the market progress.

24 The reader is referred to Chapter 2 for a detailed introduction to the particularities of the concept and to
chapter g for the policy positioning of the passive house.
25 See http://pep.ecn.nl and http://pep.ecn.nl/fileadmin/pep/pdf/E1_Erwin_Mlecnik.pdf for a detailed discus-

sion on energy and emission saving potential (in Dutch).
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Table 1.1 Barriers for the market development of passive houses in Belgium and the Netherlands, as compiled
by Elswijk and Kaan (2008)

Barriers

Belgium The Netherlands

Technical [construction
barriers

Local construction methods and technologies have to be adapted to the passive house concept

(e.g. brick cavity wall tradition, window casing, small heat pumps)

Lack of quality guarantee can lead tobad ~ Specifications needed for balanced ventilation

examples and counter-effects systems, otherwise problems regarding indoor air
quality and poor electrical performance may occur

Small companies have little time to spare to Limited knowledge of thermal bridges and

innovate and require special attention and  airtightness

guidance in the development of innovations

Market related barriers  Pull-market incentives needed Push-market incentives needed

Bringing the concept to candidate-builders, Bringing the concept to real estate developers and
general public municipalities
Traditional construction is associated with quality, innovation is considered risky

Building regulations

Lack of grants for passive houses; regional  Passive house may not comply to voluntary guar-
differences in regulation antee schemes, which might weaken its position
in the market

Though the physical principles of passive houses are valid in general, the
building tradition differs from country to country. In Germany, for instance,
outer wall plastering is quite common, whilst in Belgium and in the Nether-
lands brick cavity walls are mostly applied. Both in Belgium and in the Neth-
erlands passive house as phenomena was until recently only known in a lim-
ited circle of specialists. Both countries have seen a recent market develop-
ment for passive houses stimulated by learning organizations and enter-
prise networks that address the specificities of the national market. The mar-
ket progress of passive houses is now being influenced by market drivers and
barriers of all sorts at different levels of the society. The previous subsections
illustrated various energy efficiency drivers regarding combating climate
change, reducing greenhouse gases, securing energy supply and combating
the economic crisis. However, the adoption and diffusion of the passive house
cannot be considered as something that will happen by itself in Belgium and
in the Netherlands. Table 1.1 illustrates some of the various barriers detected
in these countries that have to be eliminated.

Furthermore, the passive house development is not a stand-alone market
development. Besides energy efficiency, the use of renewable energies as well
as the sufficiency approach — addressing a more responsible behaviour by own-
ers and tenants - led to various concept approaches regarding energy-related
issues. While these approaches may be considered as complementary, they also
lead to scientific approaches that can shift the focus away from energy effi-
ciency. For example, urban energy planning, low-exergy building, energy-auton-
omous houses and zero emission architecture do not necessarily call for max-
imum reduction in space heating demand using passive measures, although
the passive house principles can aid in realizing energy efficiency objectives.
Each approach has its own pros and cons and various approaches may encoun-
ter specific adoption problems. For example, there is a growing body of litera-



ture criticising the focus on individual behaviour change and the preoccupa-
tion with providing information as a means to change behaviour. It is now rec-
ognised by many in this field that people do not necessarily act ‘rationally’ and
that providing information will not necessarily lead to the types of behaviour
change we might expect. For example, a discourse on privation and illustrat-
ing needed sacrifice sometimes can have an adverse effect. Regarding the use
of renewable energies it is recognized by many authors that on the one hand
solutions are needed beyond the context of buildings on the neighbourhood
level. On the other hand energy efficiency of buildings makes the application of
renewable energy more feasible: smaller production units are needed and the
energy load mismatch between produced and used energy will be lower.

Meanwhile, landscape factors also push for broader concept developments
that include sustainability next to energy. Such development regards energy
use as only one pillar to achieve environmental goals. For example, ‘active
houses’?® call for indoor climate and environment as key principles next to
energy. For example, Dutch building sustainability evaluation tools like ‘GPR
Gebouw'? call for the evaluation of energy, environment, health, quality of
use and future value as key themes, whereby the user can define the prior-
ity of objectives for each key theme. Furthermore, prescriptive developments
are on-going to set specific requirements regarding functionality (e.g. com-
fort), durability (e.g. life-cycle analyses), health (e.g. indoor air quality), mate-
rial efficiency (e.g. recyclability).

Various other developments thus hinder, complement or aid the passive
house development. On the one hand, the passive house developed smoothly
alongside the increasing public interest in energy efficiency in the framework
of sustainability. On the other hand, the passive house concept - by means of
demonstration projects in various cultures and climates — had a strong influ-
ence on worldwide development and interpretation of sustainable housing
(IEA, 2006; Rgdsjg et al., 2010). After an introduction phase the passive house
has shown the potential to grow beyond a singular focus on space heat-
ing demand and initiate structural changes in society. This holistic process
of generating impact on companies, end-users and policy makers is worth
exploring. Putting the passive house concept into the broader picture of inno-
vation development, lessons can be learnt for a variety of energy-saving, envi-
ronmental and sustainability approaches that do exist.

26 Specifications see: http://www.activehouse.info (consulted: 21 January 2012).

27 See for example: http://www.gprgebouw.nl (consulted: 21 January 2012). call for the evaluation of energy,
environment, health, quality of use and future value as key themes, whereby the user can define the priority of
objectives for each key theme. Furthermore, prescriptive developments are on-going to set specific requirements
regarding functionality (e.g. comfort), durability (e.g. life-cycle analyses), health (e.g. indoor air quality), material

efficiency (e.g. recyclability).
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1.3 Problem definition

As illustrated in the preceding sections, it is important to improve our un-
derstanding of challenges and opportunities related to achieving high energy
efficiency. debates concerning climate change, security of energy supply and
new economic opportunities and policy developments have revived the inter-
est in energy efficiency and related innovations. There is significant potential
for reducing energy use, especially in energy-intensive sectors (e.g. residential
buildings).

Research should address challenges and opportunities related to the adop-
tion of highly energy-efficient houses. Reducing energy use by implementing
energy-efficiency measures in residential and other buildings is more challeng-
ing than might be expected (Lomas, 2010: 9). Buildings, energy concepts and
energy-efficiency measures can differ widely across countries and regions, as
they depend upon the culture, climate, available construction materials, differ-
ing legal frameworks, available information and expertise, and level of econom-
ic development. The adoption of the passive house is certainly worth focusing
on - as an example of an integrated design concept - since increasing energy
efficiency of buildings is key for a more sustainable development.

The previous section illustrated the need to investigate innovation opportu-
nities and challenges for stimulating innovation development for highly ener-
gy-efficient housing concepts, particularly passive houses, in order to devel-
op recommendations for a more rapid introduction of highly energy-effi-
cient housing. Such research is particularly needed in countries in which the
development of the passive house market is lagging behind central Europe-
an countries (PEP, 2008). Such recommendations can contribute directly to the
achievement of policy goals, in addition to illustrating opportunities for oth-
er European countries. The timing of such research is right, as member states
must revise their current energy policies in accordance with the recast of the
European Energy Performance of Buildings Directive (EPBD, 2010) in order to
achieve the introduction of nearly zero-energy homes by 2020.

Researching and implementing innovation related to highly energy-efficient
housing concepts, particularly passive houses, is in itself a challenge. As shown
in the previous section, household energy use is particularly dominated by
space heating. Given that adequate heating remains a basic need in housing,
and given that people are not expected to use appliances less in order to con-
serve energy (Sunikka, 2006), enterprises, end-users and policymakers are chal-
lenged to integrate home construction concepts that involve less intensive reli-
ance on space heating. Low-energy space heating can be realised only if heat-
ing losses are avoided as much as possible, which results in systemic solutions
that address very good building thermal insulation, building airtightness and
ventilation-heat recovery systems. A theoretical problem that emerges is that
current innovation research and policy usually relates to individual technolo-



gies (e.g. solar collectors) or services (e.g. sanitation systems). Innovation and
energy policy actors and businesses are accustomed to focusing on the compo-
nent level of promoting innovation (e.g. requiring thermal insulation levels of
walls or promoting certain types of thermal insulation, requiring efficiency lev-
els of heating systems or promoting heat pumps). Experience with the promo-
tion of concepts is limited. Despite the existence of energy-performance stan-
dards for buildings, holistic innovation approaches based on overall building
energy efficiency have not been well researched.

Research on challenges and opportunities related to innovation adoption
of highly energy-efficient housing concepts, such as passive houses, should
lead to identifying various recommendations. The implementation of energy-
efficient innovations in the building industry requires new policies, improved
regulations and reformed practices in the industry itself (see e.g. Beerepoot,
2007; Visscher 2008; Ryghaug and Sorensen, 2009; Guerra Santin, 2010; Tam-
bach et al., 2010).28

Numerous obstructions to process and technological innovation were iden-
tified in order to achieve energy-neutral construction. For example, the Dutch
Built Environment Innovation Agenda (Hameetman et al., 2009) observes the
poor transfer of European climate and energy targets to the national and local
levels and lack of harmonisation amongst various schemes. Furthermore,
an excessive gap has been identified between trendsetters and the majority
of actors in the building world, in addition to a lack of an ‘early market’ and
weak and fragmented lobbying by innovators. Market development is also
hampered by insufficient demand from end-users and insufficient incentives
for integral collaboration, as well as by an excessive focus on costs instead
of on benefits and values. With regard to technology, authors have identified
the lack of examples of cohesive system concepts and criticised insufficient
co-development by industrial and knowledge institutes, in addition to insuf-
ficient harmonisation of various technologies for integral building concepts
(Hameetman et al., 2009). Lack of education in the construction sector has
also been identified as a significant obstruction.

Finally, research on challenges and opportunities related to innovation
adoption of highly energy-efficient housing concepts, such as passive hous-
es, should lead to improvement in innovation theory. There is a need to go
beyond traditional technology-oriented research towards concept solutions
and services (EeB, 2009; Hameetman et al., 2009). This study therefore looks
beyond purely technological innovations to address systemic innovation
opportunities, e.g. by examining the systemic innovation-adoption process

28 According to some of these authors, energy-efficient construction has been seriously restrained by deficien-
cies in public policies designed to stimulate energy efficiency and by limited governmental efforts to regulate the

conservative building industry.
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by suppliers, the opportunities for enterprise collaboration and the develop-
ment of market niches. The demand side is studied as well, through reflection
on end-user experiences, and policy challenges are addressed through the
investigation of opportunities for collaboration and promotion. The research
is unique in this respect. It identifies systemic innovation opportunities and
challenges of highly energy-efficient housing concepts on the supply side,
the demand side and within the steering environment. Combining these key
items results in recommendations for innovation deployment, user adoption
and energy policy development, and in various insights regarding how a con-
cept approach can contribute to the development of innovation theory.

1.4 Goal of the research

As defined in the previous subsection, research on challenges and opportu-
nities related to the innovation adoption of highly energy-efficient housing
concepts, particularly passive houses, can be very useful for further market
development of integrated design concepts and improvement of theory. The
goal of this research is to review, identify and refine such challenges and op-
portunities, as well as to develop practical recommendations and improve-
ments in theory. To this end, it will detect and reflect the experiences in the
successful passive house market as a case study.

From a practical viewpoint, this research aims to provide a deeper under-
standing and conceptualisation of the various factors (opportunities and
barriers) that can affect the market introduction and development of high-
ly energy-efficient housing concepts. To accelerate the introduction of near-
ly zero-energy houses, it mainly studies the adoption of passive houses and
low-energy home renovations. Within this framework, the current view-
points and experiences of enterprises, end-users and policymakers were
explained. As original research, ten studies were defined in order to explain
how the passive house concept is perceived and used by actors on the supply
side (businesses), the demand side (end-users) and within the steering envi-
ronment (policymakers), given that these actors influence the introduction,
adoption and diffusion of innovations (Rogers, 2003) and that the current pas-
sive house market development provided an innovation research opportuni-
ty. These studies identified possible solutions for achieving a rapid increase
in the adoption of integrated design concepts such as passive houses through
the development of supply and demand (business innovation) and factors
that could influence the innovation environment (end-user experiences with
innovations and factors related to innovation and energy policy), taking into
account possible solutions involving a ‘concept’ approach and systemic col-
laboration opportunities.

Directly related to the practical studies, company experiences, user expe-



riences and experiences of enterprise networks in different market phases
helped to improve understanding regarding several key issues and hypothe-
ses from theory. The various studies contributed to the improvement of inno-
vation theory related to a concept approach (instead of individual technolo-
gies) and enhanced understanding of innovation opportunities related to the
promotion of (highly energy-efficient housing) concepts, in order to define
pathways for eliminating barriers to innovation.

The development of innovation theory focuses on the ways in which a con-
cept approach can contribute to innovation deployment, user adoption and
energy policy development. The practical research on challenges and oppor-
tunities related to innovation adoption provides a coherent framework within
which to reflect on innovation-diffusion theory at the concept level. Although
the technologies, systems and services associated with highly energy-effi-
cient housing concepts are probably not new to various target groups, an
integrated design concept such as the passive house might be considered an
innovation by many enterprises, end users and policy makers. Highly ener-
gy-efficient housing concepts (specifically passive houses) and their associat-
ed technologies, systems and services are therefore studied in an integrated
way as ‘innovations’. This ‘concept’ approach challenges innovation-diffusion
theory in order to allow more explicit consideration of experiences from con-
struction-innovation theory and related theoretical fields (e.g. strategic niche
management, marketing and environmental behaviour research). Elements
from various theoretical frameworks are combined, and new research meth-
ods and tools are explored, specifically for studying highly energy-efficient
housing as a concept or systemic innovation. Within the theoretical frame-
work, the study thus provides a deeper understanding and conceptualisation
of various issues that can lead to improvements in innovation theory, using
practice-oriented research as a mirror.

Using these practical and theoretical study results, the work identifies
opportunities and barriers, and it recommends ways of eliminating barriers
to the adoption of innovation. To this end, technology innovation, business
innovation and policy innovation are studied, and pathways are suggested
for the integration of highly energy-efficient housing concepts as an innova-
tion by analysing technological, societal and policy factors that can stimulate
or hinder innovation diffusion. As such, this work introduces recommenda-
tions that can help to accelerate the adoption of highly energy-efficient hous-
ing concepts (e.g. passive houses) by businesses, customers and policymakers.

1.5 Main research question and sub-questions

Related to the identified research goal, the main research question in the pre-
sent work is formulated as follows:
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Which challenges and opportunities are related to the innovation adoption of highly
energy-efficient housing concepts, particularly passive houses?

This relates directly to the practical question:
Which challenges and opportunities exist with regard to eliminating barriers to mar-
ket development for passive houses?

The main research question is further subdivided into three parts, as follows:
Which challenges and opportunities are related to the innovation adoption of highly
energy-efficient housing concepts, particularly passive houses, as observed from the
supply side (Part A), the demand side (Part B) and the policy side (Part C)?

The following research questions are introduced and addressed in Part A, in
Chapters 2, 3, 4 and 5, respectively:

Q1. Which innovations are likely to be adopted in accordance with the passive house
concept?

Q2. Which opportunities exist for eliminating barriers to supplier-led innovation in
highly energy-efficient housing?

Q3. Which collaboration opportunities exist with regard to highly energy-efficient
housing renovation?

Q4. Which opportunities and barriers exist with regard to enterprise collaboration,
particularly with regard to bridging the gap between innovation and early adoption?

The following research questions are introduced and addressed in Part B, in
Chapters 6, 7 and 8, respectively:

Q5. What are the experiences of Dutch occupants with nearly zero-energy houses (e.g.
passive houses)?

Q6. What are recommendations for the improvement of passive house certification,
based on end-user experiences?

Q7. How were owner-occupants persuaded to apply highly energy-efficient renovation
concepts in renovations of single-family houses?

The following research questions are introduced and addressed in Part C, in
Chapters 9, 10 and 11, respectively:

Q8. Which definitions of nearly zero-energy housing are likely to be adopted in Bel-
gian and Dutch policy?

Q9. Which barriers and opportunities exist with regard to the further diffusion of la-
bels for highly energy-efficient houses?

Q10. What are the tactics and success factors for stimulating the adoption of project-
based innovation, as determined from a study of the activities of an innovation-ori-
ented passive house network?

This subdivision is intended to allow each of the ten studies to be read in-



dependently, also according to the preference of the reader. Business profes-
sionals and innovation researchers might be more interested in Part A, Chap-
ters 2 through 5. Commissioners, clients and user experience researchers
might be more interested in Part B, Chapters 6 through 8. Policymakers and
policy researchers might want to focus on Chapters 2 and 4, as well as on part
C: Chapters 9 through 11. In general, researchers might want to analyse the
whole work as a referential framework for research aimed at identifying chal-
lenges and opportunities related to the adoption and diffusion of innovation
(in particular, energy-saving technologies, concepts and technology clusters),
as well as for studies aimed at providing solutions to overcome such barriers
and to support such opportunities.

1.6 Research method

With regard to the supply side (Part A), the adoption of the passive house con-
cept by individual enterprises and groups of enterprises is studied, as well as
the adoption of highly energy-efficient housing renovation. With regard to the
demand side (Part B), the research aims to learn from user experiences with
highly energy-efficient homes, particularly by studying end-user experiences
and user motivation to adopt concepts (e.g. passive houses and highly ener-
gy-efficient housing renovation). With regard to the policy side (Part C), the
study defines opportunities for and barriers to the adoption of highly energy-
efficient housing.

Figure 1.3 provides an overview of the main topics addressed in each chap-
ter, the research input used in each chapter and the research output expected
from each part. The research question and research methods used to inves-
tigate each question are explained in more detail in the introduction to each
part (as well as in the associated chapters).

Following the studies discussed in Parts A, B and C, all results are cross
reflected as recommendations for innovation deployment and policy develop-
ment, with a particular focus on the market development for passive houses.
This general approach is illustrated in Figure 1.4.

The study thus identifies and cross-reflects opportunities and challeng-
es related to innovation adoption involving highly energy-efficient housing
concepts (in particular, passive houses) on the supply side (Part A: research
questions Q1, Q2, Q3 and Q4), the demand side (Part B: research questions Q5,
Q6 and Q7) and the policy side (Part C: research questions Q8, Q9 and Q10).
Although the research questions cover only a selection of problems for the
defined research field, the simultaneous provision of empirical research in
business innovation (Part A), user experiences (Part B) and stimulation by pol-
icy (Part C) provides a substantial foundation for answering the main research
question.



(26 ]

Figure 1.3 The three main parts in the book, the main themes covered in the ten studies, the research input
used in each chapter, and the research output expected from each part

Innovation development for highly energy-efficient housing: opportunities and barriers related to the adoption of passive houses
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Figure 1.4 The research defined the ‘innovation’ and studied its adoption by enterprises
(Part A), end-users (Part B) and policy (part C), defining multiple research questions in
each part

PartA
Adoption by enterprises
Q]Y Q27 Q3' Q4
Part C Part B
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Q8,Q9, Qio Qs, Q6, Q7

development. It also provides recommendations for improving innovation-
diffusion theory, using the conclusions from the various studies of adop-
tion by enterprises (Part A), users (Part B) and policymakers (Part C). Based on
the conclusions from these ten studies - all of which have been submitted to
or published in scientific journals or books — the main research question is
answered in the conclusion. The work closes by presenting opportunities for
future research. The appendices provide additional useful information related
to the study, in addition to a glossary of terms used in the study.

Given that the work covers a broad range of varying questions, various
theoretical frameworks are used within the chapters in order to answer the
questions. These frameworks are explained in detail in each chapter. The
starting scientific framework for the entire study is innovation diffusion,
as defined by Rogers (2003). The reader should nevertheless be aware of the
existence of an additional extensive body of literature in the field of adoption
of innovation. Conceptual frameworks in literature can differ when address-
ing various aspects (e.g. innovation diffusion, the role of networks, regional or
sectoral business development and policy development). Each research ques-
tion is therefore investigated with a slightly different take on the initial theo-
retical framework, as explained in the introductions to Parts A, B and C.

The following subsection describes the key approaches applied within the
general framework of innovation theory - introducing several key elements
from the theories used in the various studies to improve the reader’s under-
standing of the general framework of innovation theory —, and the subsection
thereafter describes several of the key ideas that have been borrowed from
Rogers’ theory.
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1.7 Theoretical framework
1.7.1 General innovation framework

Innovation research is addressed in multiple ways by various authors. Most
empirical literature begins by defining ‘innovation’ as some form of techno-
logical change, either in a product or in the production of goods or services
(Blake and Hanson, 2005; Edquist, 2005)%. In general, the newness of the inno-
vation is less relevant than is the fact that the ideas, practices or objects are
new to the operational unit adopting them (Rogers, 2003; Bhaskaran, 2006).
In order for an innovation to be effective, or even successful, it must result
in a significant change, preferably an improvement in a real product, process
or service compared with previous achievements (Amabile, 1997; Harper and
Becker, 2004). The extent of change has most commonly been described in in-
novation literature as the difference between radical and incremental innova-
tion (Henderson and Clark, 1990). Marquis (1988) introduces the terms ‘incre-
mental’ and ‘radical’ innovation as opposites with which to distinguish small
changes based on current knowledge and experience from scientific and
technological breakthroughs that can change the very nature of an industry.

Since the 1950s, researchers have been working to develop a scientif-
ic framework for innovation. The innovation literature is typically concerned
with understanding how innovations emerge, develop and grow, as well as
in how they are displaced by other innovations (Hockerts, 2003). A general
understanding emerges that a key success factor for innovation is the pres-
ence of an inherently social, interactive learning process (Lundvall, 1992).
Lundvall (2005) therefore characterises innovation as a continuous, cumula-
tive process involving radical and incremental innovation, as well as the dif-
fusion, absorption and use of innovation.

The concept of ‘systemic innovation’ (which emphasises the need for coor-
dination and cooperation in innovation processes) as opposed to ‘autono-
mous’ (independent) innovation was first introduced by Teece (1984, 1988). The

29 In Appendix C, a glossary is provided of the terms that are used in the various chapters; the listed terms relat-
ed to innovation are based on the references introduced in this section. The terms related to energy and buildings
are also listed in this appendix. These terms were sourced from the International Energy Agency, the European
Economic and Social Committee and the Architects’ Council of Europe.

30 This ‘innovation-systems’ approach encompasses individual firm dynamics, as well as particular technologi-
cal characteristics and adoption mechanisms. Innovation systems have been developed as a heuristic attempt to
analyse all societal subsystems, actors, and institutions contributing in some way (directly or indirectly, interna-
tionally or nationally) to the emergence or production of innovation (Nelson and Nelson, 2002). An innovation
system is defined as any of these institutions and economic structures that affect the rate and direction of change

in society (Edquist, 2005).



term ‘systemic innovation’ should not be confused with ‘system innovations’,
which are characterised by the integration of multiple independent innova-
tions that must work together to perform new functions or improve perfor-
mance as a whole (Cainarca et al., 1989), nor with ‘innovation systems’.*®

Rogers (1962, 2003), who is widely acknowledged as a leading scientist in
innovation-diffusion research, defines diffusion of innovation as the process
by which an innovation is communicated through certain channels over time
among the members of a social system (Rogers, 2003). Rogers defines the rate
of adoption as the relative speed by which an innovation is adopted by mem-
bers of a social system. Key ideas developed by Rogers (2003) that are used in
this work include reflections on adopter categories, innovation characteristics
and decision processes. The following subsection defines several of these key
elements, which are borrowed from Rogers’ innovation-diffusion theory.

A wide range of literature addresses innovation from a systemic perspec-
tive and introduces such terms as ‘national’, ‘regional’ or ‘sectoral’, ‘innova-
tion systems’, ‘technological innovation systems’, ‘socio-technical systems’,
‘innovation journeys’, ‘transition paths’ and ‘strategic niche management’
(Coenen and Diaz Lopez, 2010; Cooke et al., 2004; Edquist, 2005; Lundvall, 2005;
Malerba, 2004; Sharif, 2006; Smith et al., 2010; Verbong et al., 2008). ‘Niches’ are
defined as spaces in which radical innovations are tried out, varied and devel-
oped further, while they are sheltered from mainstream competition (Schot
and Geels, 2008). They are considered highly important in socio-technical
experiments for creating ‘proto-markets’ (Hoogma et al., 2002) or ‘socio-tech-
nical regime transitions’ (Rotmans et al., 2001; Schot et al., 1994; Kemp et al.,
1998; Verheul and Vergragt, 1995).

Given that the work of Rogers is widely considered the leading theory of
innovation diffusion, this theoretical framework was chosen as a starting
point in the search for theoretical reflection. Although numerous studies have
addressed innovation diffusion with regard to individual technologies, the
novelty of this research is expressed largely by grouping various technologies
(including energy-saving technologies) into a single concept (as exemplified
by the passive house). This is accomplished by exploring systemic innovation
opportunities within the home-construction sector (businesses and networks),
as well as by researching the adoption of an innovative concepts by business-
es, end-users and policymakers. Because many of the chapters in this book
rely upon terms and experiences from Rogers’ innovation-diffusion theory, the
following section explains several relevant key elements from this work.

1.7.2 Key elements borrowed from Rogers’ innovation
framework

Rogers’ adopter categories
To explain diffusion processes, Rogers (2003) derived a model from hun-
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Figure 1.5 Schematic representation of the typical S-curve of a diffusion process
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dreds of case studies on market penetration of any new technology prod-
uct throughout its useful life, which is typically an S-curve (see Figure 1.5) or
a bell curve®! (see Figure 1.6). In marketing theory, this is also known as the
‘technology-adoption life cycle’ or ‘product life cycle’.

These curves are divided into categories of adopters, which Rogers suggests

31 Originally proposed by Beal, Rogers and Bohlen (1957) to represent the diffusion of farm practices in lowa.



Table 1.2 Adopter categories and basic characteristics of individuals in these categories

Adopter category  Dominant characteristics of adopting unit (e.g. business developer, customer, policy maker)

Innovators « venturesome: first to adopt an innovation, willing to take risks

« close contact to scientific sources and other innovators, complex technical knowledge
Early adopters « respect: highest degree of opinion leadership, judicious choice of adoption

« seek innovation to support own vision, highly connected and knowledge of innovation
Early majority « deliberate: adopt an innovation after it is tried and tested

- contact with early adopters

Late majority « sceptical: adopt an innovation only after increasing peer/norm pressure or as economic necessity
- mainly in contact with others in late majority and early majority

Laggards - traditional: last to adopt an innovation, aversion to change and/or limited resources
« near isolates in social networks

Source: Based on Rogers (2003) and Moore (2002)

in order to standardise their use in diffusion research. Dominant character-
istics of these categories are listed in Table 1.2. As shown in Figure 1.6, ear-
ly majority and late majority adopters fall within approximately one stand-
ard deviation of the mean, with early adopters and laggards falling within two
standard deviations. Innovators are located at the very onset of a new tech-
nology, about three standard deviations from the mean.

Both Rogers (2003) and Moore (2002) argue that each group of adopters has
a unique psychographic profile (a combination of psychology and demo-
graphics) that distinguishes its marketing responses from those of the oth-
er groups. Moore (2002) represents the dissociation between each adopter cat-
egory as a ‘gap’ (or ‘chasm’) in the bell curve. Moore’s research illustrates the
difficulty each group is likely to experience in accepting a new product if it
is presented in the same way as it was to the group to its immediate left. It
uses several examples to illustrate how these gaps represent a possible loss
of momentum, which can lead to missing the transition to the next segment,
thereby preventing the innovation from ever reaching a mainstream mar-
ket in the middle of the bell curve. Understanding each profile and its rela-
tionship to its neighbours (who might have different expectations) has been
shown to be a critical component in the marketing of innovative technolo-
gies. Moore asserts that a small chasm exists between innovators and early
adopters, with a larger gap between early adopters and the early majority. In
describing how an innovation reaches critical mass, thus allowing the contin-
ued adoption of the innovation to be self-sustaining, Rogers (2003) and Moore
(2002) outline several strategies for helping an innovation reach this stage.
For example, Moore highlights the need to select a target market and related
market strategies with care, using a whole-product concept.

Rogers’ concept of innovation characteristics

Using numerous cases studies, Rogers (2003) demonstrates that the potential
adopter’s perception of the relative advantage, compatibility, complexity, ob-
servability (alternative term name: visibility) and trialability (alternative term
name: demonstrability) of the innovation affect its rate of adoption (see Table
1.3).
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Table 1.3 Innovation characteristics and influence on adoption rate

Innovation characteristics (attributes) Influence on adoption rate (empirically detected)
Relative advantage

The degree of which an innovation is experienced by the The higher the perceived relative advantage of an innovation,
adopter as being better than the idea it supersedes (for the higher the rate of adoption.

example: lower price, less inconveniences, social prestige).

Compatibility

The degree to which an innovation is perceived by members The higher the compatibility, the higher the rate of

of a social system as consistent with the existing adoption (also: naming an innovation and positioning it
(socio-cultural) values, past experiences (and previously relative to previous ideas and indigenous knowledge
introduced ideas), and needs of potential adopters systems are important means of making an innovation
(according to culture/adopter category). more compatible).

Complexity

The degree to which an innovation is perceived as relatively The higher the complexity, the lower the rate of adoption.
difficult to understand and to use.

Trialability (alternatively: demonstrability)
The degree to which an innovation may be experimented The higher the trialability, the higher the rate of adoption.
with on a limited basis.

Observability (alternatively: visibility)
The degree to which the results of an innovation are visible ~ The higher the observability, the higher the rate of adoption.
to other members in a social system.

Source: Based on Rogers (2003), Moore (2002), van Hal (2000)

In addition to the attributes listed in Table 1.3, Rogers (2003) observes that
the rate of adoption is influenced by the type of innovation-decision, the
nature of communication channels diffusing the innovation at various stag-
es in the innovation-decision process, the nature of the social system and the
extent of effort exerted by change agents in diffusing the innovation.

Rogers’ concept of decision processes
In order to understand the diffusion process, familiarity with the course of
decision-making of the potentially adapting actor is essential. Part of the re-
search presented here examines the decision-making of businesses, networks
and end-users that adopt innovations first, in order to identify the most im-
portant elements that are needed to develop the market for highly energy-ef-
ficient housing. Rogers (2003) provides a model that is used in this research
in order to investigate the innovation-decision process. The model in Figure
1.7 is often referenced with regard to tracer and diffusion studies. It shows six
main stages in the innovation-decision process. These stages are somewhat
arbitrary, as they do not always occur in exactly the order shown, and certain
stages may be skipped in the case of certain innovations. Rogers criticises
many of the past tracer studies as being limited to Stages 2-5, with the usual
past diffusion of innovation studies often limited to Stages 5-6. To understand
the generation of innovations, it is important to investigate the entire inno-
vation-decision processes and to include serendipity and accidental aspects.
Rogers (2003) further defines the innovation-decision process as the process
through which an individual (or other decision-making unit) passes from ini-



Figure 1.7 Six main stages in the innovation-decision process
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tial knowledge of an innovation, to forming an attitude towards the innova-
tion, to a decision to adopt or reject, to the implementation of the new idea
and, ultimately, to the confirmation of this decision (see Figure 1.8).
1.Knowledge occurs when an individual (or other decision-making unit) is
exposed to an innovation’s existence and gains an understanding of how it
functions.
2.Persuasion occurs when an individual (or other decision-making unit)
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forms a favourable or unfavourable attitude towards the innovation.
3.Decision takes place when an individual (or other decision-making unit)
engages in activities that lead to a choice to adopt or reject the innovation.
4.Implementation occurs when an individual (or other decision-making unit)
puts a new idea into use.
5.Confirmation takes place when an individual seeks reinforcement of an
innovation-decision already made, but the individual may reverse this pre-
vious decision if exposed to conflicting messages about the innovation.

Rogers’ notion of adopter categories, innovation characteristics and inno-
vation-decision processes is used in various chapters, particularly those in
which questions relate directly to adoption by singular decision units. Using
Rogers’ scientific framework on innovation diffusion has implications for the
possible scope of the research. For this reason, additional literature sources
are analysed and applied in several chapters.

Possible critique of Rogers’ scientific framework
Shove (1998) and other authors have expressed the critique that the ‘classical’
diffusion theory is excessively focused on the ‘adopter’ (or future user of the
technology), with insufficient attention to the social and institutional context.
General references exist that focus more on social, organisational and institu-
tional aspects of market introduction and the diffusion of innovative technol-
ogies (e.g. Lundvall, (1988, 1992); Linstone, 1991; Lynn et al., 1996; and Kowol,
1998). Considering the market introduction of energy-efficient housing, the
works of Blumstein and colleagues (1980), Lutzenhiser (1993, 1994), Mills
(1995), Kasanen and Persson (1997) and Biermayr and colleagues (2001) con-
sider the social and institutional context. These works demonstrate that
mandatory regulations (e.g. in the present study the required introduction of
nearly zero-energy housing in the framework of the recast EPBD; EPBD, 2010)
might stimulate companies to accelerate market development. Also, good ac-
cess to available knowledge can stimulate enterprises to introduce innovation.
Various authors (e.g. Jensen, 2005; Guy and Shove, 2000) have tried to
explain the disinclination of property owners to close the gap between their
current energy use and the level that is technically feasible. According to
Guy and Shove (2000), technical or economic barriers are easy to overcome
by using the appropriate means in research and development, demonstration
and dissemination. The crucial barrier is not located within the realm of tech-
nology or economy, but within the realm of society and individuals. Jensen
(2005) describes the experiences of the Danish Energy Authority with regard
to convincing users to embrace energy-saving strategies in order to distin-
guish specific barriers (e.g. lack of interest, lack of knowledge, lack of solu-
tions and lack of motion). Jensen stresses the importance of the final barrier
- ‘lack of motion’ (or motivation), therefore attempting to study such barriers



using an anthropological understanding of consumption.

Several authors have also argued that studies in building energy efficien-
cy should look beyond the singular adopter. For example, the importance of
considering different views from various parties involved in building pro-
cesses has been argued by Janda (1999) for architects and installers. In addi-
tion, Rogers’ concept of decision processes is only one possible way of looking
at decision processes. Other authors highlight the importance of psychologi-
cal factors in decision processes. For example, this is illustrated in studies by
of Wortmann and Schuster (1999) and by Haghighat and Donnini (1999) with
regard to the appreciation of air quality in mechanical ventilation. Other deci-
sion-making models have been proposed; Wilson and Dowlatabadi (2007) pro-
vide a good overview of available models when studying residential energy
use, with each model highlighting advantages and disadvantages.

In times of economic crisis, considerable research is devoted to finding
cost-optimal strategies. Economically focussed researchers (e.g. Verbeeck and
Hens, 2005) prefer to use microeconomic theories of user choice based on
the assumption that individuals seek to maximise utility given budget con-
straints. In utility-based decision models, users are assumed to behave as
rational actors in a normative sense of having preferences that are ordered,
known, invariant and consistent. Such microeconomic models can neverthe-
less fail to capture the importance of innovation characteristics beyond rel-
ative economic advantage, as heterogeneous preferences or adopter catego-
ries are sometimes poorly characterised. This theoretical background is not
considered in this study for this reason, as well as because various research-
ers have criticised it as an overly narrow-minded approach, as explained fur-
ther. Microeconomic models have been criticised for presenting decisions as
losses or gains that can influence the innovation-decision outcome (Tversky
and Kahneman, 1981). In addition, micro-economic studies often fail to con-
sider the fact that budget decisions at the household level are assigned to dif-
ferent ‘mental’ accounts (Thaler, 1990; Shefrin and Thaler, 2004). For exam-
ple, an individual’s willingness to spend earned income, windfall income and
saved income is rarely the same even though the money is fully interchange-
able (Thaler, 1999).

The decisions and rationality of individuals can be further bounded by psy-
chological and environmental constraints, including the cognitive burden of
information gathering and processing (Conlisk, 1996). Individuals can make
decisions or behave in such a way as to strive for internal consistency between
their knowledge, attitudes and actions, given that inconsistency or dissonance
produces discomfort (Festinger et al., 1989). When making decisions, individu-
als also tend to ‘anchor’ on certain types of information, rather than search-
ing for and processing all relevant information (Tversky and Kahneman, 1974;
Ariely et al., 2003; Ariely, 2009). Social psychologists have found that the most
effective information for promoting residential energy efficiency is simple, sali-
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ent, personally relevant and easily comparable, rather than technical, detailed,
factual and comprehensive (Kempton and Montgomery, 1982; Yates and Aron-
son, 1983). For example, Knight and colleagues (2006) observe that selling com-
fort and fulfilled desires are more likely than the prospect of energy efficiency
is to motivate homeowners to renovate their homes. The perceived trustwor-
thiness and credibility of the information and/or service provider is also impor-
tant (Craig and McCann, 1978; Farhar and Buhrmann, 1998).

1.8 General limitations of the research

The scientific framework developed by Rogers can be criticised in relation to
the systemic approach towards innovation (see previous sections). The pre-
sent work considers many of the previous theoretical concerns and critique,
using Rogers’ key observations regarding innovation-diffusion theory large-
ly as a general guideline. It addresses an agenda of research priorities estab-
lished within this scientific field set. The present study focuses largely on so-
cial and individual barriers (e.g. ‘lack of motivation’, ‘lack of knowledge’ and
‘lack of competencies’).

It examines the extent to which technological innovations are developed by
‘lead users’ rather than by R&D experts. It observes the role played by change
agents in translating the needs and problems of enterprises, users and policy-
makers. It studies interrelationships amongst the various organisations and
individuals involved in the innovation-development process.

This study is limited to highly energy-efficient housing and related inno-
vations. In this work, demonstration projects are often used as an informa-
tion source for learning and as instruments in the innovation-diffusion pro-
cess. The learning effects from demonstration projects are limited to the
experiences derived from the selected demonstration projects, particularly
in the Netherlands and Belgium. Demonstrati