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Executive summary (3-5 p) 

In accordance with the objectives of the European Technology Action Plan (ETAP) of 

the EU Commission, this study aims to identify policy pathways to the promotion of 

clean technology development (POPA-CTDA, the acronym of the project) in industry. 

In order to do so, the behavioural approach of Montalvo (2001) is used to determine 

the driving as well as inhibiting forces of the innovative behaviour of firms. In this 

specific case study, actors within the building sector are asked about their opinions 

concerning the production of energy efficient residential buildings and improving the 

energy efficiency of existing buildings. Various aspects of their attitude were 

addressed, such as economic and environmental risks perception, relevant pressures 

arising from the social environment, the market and the regulatory bodies and of their 

own technical and managerial capabilities. The full analysis of this questionnaire is 

documented in the Work Package 2 (WP2) report. The aim of this report (WP3) is to 

identify some policy instruments that could be used to specifically support the 

development and adoption of more energy efficient buildings. The basis for this report 

is: a literature study, questionnaire results from WP2, and in-depth interviews with 

key actors of the building sector (as documented in the separate Interview report). 

 

Energy efficiency is a key element in the global effort to mitigate future climate 

change. For example, the IIASA-WEC climate constrained scenarios presume global 

reductions of energy intensities (energy/GDP) by 1.4 % per year for the next 50 years 

(Naki� enovi�  et al, 1998) which implies that it is at least as important as all the new 

supply of carbon-neutral energy. The building sector accounts for approximately 40 % 

of the primary energy use and 36 % of the energy related CO2 emissions in the 

industrialised countries (IPCC, 2001). Special features of the building sector are its 

long life cycles and the slow replacement of the building stock. Many buildings will 

remain for a century or more, which implies that the sector has time characteristics 

similar to the climate change issue. This leads to two basic observations. First of all, 

in order to have an immediate impact on emissions energy efficiency measures must 

be directed towards existing buildings. Secondly, the energy efficiency of the current 

new-construction will affect the prospects for climate change mitigation throughout 

the coming century. The new-construction entails a unique and important opportunity 

to incorporate energy efficient technologies in the design of buildings. 



 

It should be noted that “energy efficiency in buildings” is not a specific technology in 

the same way as in most of the other POPA case studies. We define energy efficiency 

as the amount of energy services provided per unit of energy use. Thus energy 

efficiency is a function of the performance of a multitude of different components as 

well as the interaction between these components. It should be seen as a technology 

dependent parameter. This also implies that there is no such thing as buildings without 

energy efficiency, only buildings with better or worse energy performance. 

 

Innovations for energy efficiency in buildings occur on two principally different 

levels. First of all, the properties and performance of materials and components affect 

energy efficiency through for example different U-values, heat exchanging efficiency, 

sun shading ability etc, meaning that important innovations take place in these 

respective industries. In these cases the construction companies may act as adopters of 

these components. The second level of innovation occurs within the building sector 

(construction companies, architects and technical consultants) and improves the 

energy efficiency of buildings as systems. 

 

An example of a key system innovation in the building sector is the development of 

passive houses. Passive Houses are buildings which assure a comfortable indoor 

climate in summer and in winter without needing a conventional heating system. To 

permit this, it is essential that the building’s annual demand for space heating does not 

exceed 15 kWh/m²/yr (compared to around 100 kWh/m2/yr in the typical new-

construction). This is made possible by the adoption of a combination of technologies: 

(1) Passive solar gain through optimized south-facing low-emissivity glazing; (2) 

Well-insulated building shell; (3) Thermal bridge-free construction, (4) Air-tight 

building envelope; (5) High efficiency heat exchanger or exhaust air heat pump. With 

a well-balanced construction using these technologies, energy use for heating can be 

cut to a level where a comfortable indoor-climate can be achieved with no other 

energy supply than waste heat from electrical appliances and people. Passive houses 

appear to be cost-effective or close to cost-effective already at current energy prices 

but the market share is still less than 0.1 % of the total new-construction in Europe. 

 



There is no doubt that the technical potential for energy efficiency in buildings is 

enormous and it is often stressed that much can be done at little or no cost seen over 

the life cycle of a building. However, it is also apparent that little of this potential will 

be realized without policy instruments that address market failures and transaction 

costs within the building sector. Considering the current state of policies and policy 

processes (Chapter 4), the barriers and drivers for energy efficiency in buildings 

(Chapter 5), and the available policy options (Chapter 6), we draw the following 

conclusions divided on new buildings and existing buildings. 

 

New buildings 

In the questionnaire (Section 5.2) we identified economic risk (ER) as the most 

important factor in order to support the willingness to innovate and adopt in the 

building sector. On way to reduce economic risk is to support long-term low-interest 

loans for new-construction fulfilling certain energy performance standards (not 

technology specific but e.g. 15 kWh/m2/yr). Such policies are in place in Germany 

(see Box 2) where they appear to be effective and where we also find around 80 % of 

the current European passive house market. Energy performance standards with 

different levels tied to economic incentives also reduce the risk of standards turning 

into rigid norms. For example the interviews performed in Sweden indicate that the 

minimum standards are perceived as a guideline and that it is uncommon to even 

assess the profitability of additional energy efficiency investments. 

 

It is also important to recognize that the building process differs significantly between 

small scale low energy pilot projects where the different actors are involved 

throughout the project and in the mainstream new construction were the actors 

typically work in separate phases of the process. This issue could be explicitly 

addressed through bridging pilot projects involving different actors and aiming to 

work out routines and processes that are both cost/time-effective and ensure the 

quality required to construct low energy buildings. 

 

The interview study also revealed that while clients (e.g. private and public housing 

associations) are a very important group of actors with great influence on the energy 

efficiency of new buildings they often possess a relatively low capability in the field. 



Thus offering education or technical support to such actors may be a useful measure 

to make them order buildings with better energy performance. 

 

Existing buildings 

In existing buildings, the shortest pay-backs of investments in energy efficiency are 

typically found in combinations with other retrofitting measures, e.g. adding 

insulation when façades are renovated and choosing energy efficient windows when 

replacing old ones. Seizing such opportunities as they emerge is important in order to 

utilize the economic potentials for improvements in energy efficiency. For example, 

in many European countries there are a great number poorly maintained blocks of 

flats from the 60s and 70s which also have a poor energy performance.  

 

One way to address this problem is to establish guidelines and rules for green public 

procurement in for example the social housing sector. Box 3 presents a good example 

of this for governmental buildings in the UK where all refurbished buildings must fall 

into the upper quartile of energy performance for the building type.  

 

Some of the problems in existing buildings are already addressed by the EU directive 

on Energy performance directive (2002/91/EC) which is to be implemented nationally 

no later than 2009. The directive requires minimum energy performance regulation 

(without stating any performance levels) for retrofitting of large buildings, as well as 

mandatory energy certificates of all buildings. An important part of the 

implementation should be the inclusion of good reference values along with 

recommendations for cost-effective improvements. 

 

We also see that the energy price is a very important general driver for energy 

efficiency (See Box 1) meaning that energy and CO2 taxes are important policies. 

However, such policies should be implemented on an economy wide level if possible, 

rather than in separate sector. 



1 Introduction  

The issue of economic growth has been a topic widely debated within the 

environmental movement. Part of this debated was in the 70s fuelled by the study The 

limits to growth (Meadows et al, 1972) ordered by the Club of Rome, with its gloomy 

scenarios following a neo-malthusian tradition that population and economic growth 

would reach its limits and resulting in a rapid decline of population and welfare. The 

focus of the environmental debate thus became the apparent contradiction of having to 

meet the needs of humans both now living and of future generations, while taking into 

consideration the  limits posed by the natural and social environment. As a conceptual 

tool in the process, the now widely spread term sustainable development emerged and 

was popularized through the WCED report Our Common Future (WCED, 1987) and 

the 1992 Earth Summit in Rio de Janeiro. The term focuses on intra-generational as 

well as inter-generational justice and the interdependence of the three dimensions of 

sustainability: the environment, the economy and the social sphere. 

 

Fortunately the doomsday scenarios of The limits to growth have not materialised (so 

far). Part of the answer to why this has not happened can be found in the fact that the 

study underestimated the potential of technological development and the possibility of 

substitution. New clean technologies are normally brought forward as one of the key 

solutions to environmental problems. Not just because, by substituting older, dirtier 

technology they reduce environmental impact but also because they can induce 

economic growth. To be able to harness the benefits of new clean technologies the 

European Commission has launched the European Technology Action Plan (ETAP). 

The main objectives in the action plan are to remove barriers for the development and 

diffusion of environmental technologies, to ensure that the EU will take a leading role 

in developing and applying such technologies, and to mobilize all stakeholders in 

support of these objectives (EU, 2004). Thus ETAP fits well in the Lisbon strategy set 

by the Commission in 2000 with the commitment to bring about economic, social and 

environmental renewal in the EU and thus to render the EU the most dynamic and 

competitive economy in the world. 

 

In accordance with these objectives of the EU Commission, this study aims to identify 

policy pathways to the promotion of clean technology development (POPA-CTDA, 



the acronym of the project) in industry. In order to do so, the behavioural approach of 

Montalvo (2001) is used to determine the driving as well as inhibiting forces of the 

innovative behaviour of firms. In this specific case study, actors within the building 

sector are asked about their opinions concerning the production of energy efficient 

buildings. Various aspects of their attitude were addressed, such as economic and 

environmental risks perception, relevant pressures arising from the social 

environment, the market and the regulatory bodies and of their own technical and 

managerial capabilities. The full analysis of this questionnaire is documented in the 

Work Package 2 (WP2) report. The aim of this report (WP3) is to identify some 

policy instruments that could be used to specifically support the development and 

adoption of more energy efficient buildings. The basis for this report is: a literature 

study, questionnaire results from WP2, and in-depth interviews with key actors of the 

building sector (as documented in the separate Interview report). 

 

The structure of the report is as follows: Chapter 2 gives a short description of 

technologies for energy efficiency in buildings and of the energy saving potentials in 

the sector; Chapter 3 describes the market for housing and energy efficiency; Chapter 

4 presents the current state of policies, policy instrument use and policy processes in 

the European Union; Chapter 5 summarizes existing barriers and drivers as was 

analysed in interviews and questionnaires; Chapter 6 discuss what policy options are 

available. Finally, in Chapter 7 some conclusions are drawn and a short list of policy 

instruments is proposed. 



2 Energy efficiency in buildings 

Energy efficiency is a key element in the global effort to mitigate future climate 

change. For example, the IIASA-WEC climate constrained scenarios presume global 

reductions of energy intensities (energy/GDP) by 1.4 % per year for the next 50 years 

(Naki� enovi�  et al, 1998) which implies that it is at least as important as all the new 

supply of carbon-neutral energy.  

 

Apart from the climate change issue and other environmental concerns, the European 

Commission also list “competitiveness” (since there are considerable cost effective 

potentials) and security of energy supply as strong reasons to promote improved 

energy efficiency in Europe (European Commission, 2005). Moreover, in countries 

with poor housing quality, the negative health effects of so-called fuel poverty1 is 

another driver for increasing energy efficiency (Healy, 2003). For example the UK 

government has launched an action plan to eradicate fuel poverty amongst vulnerable 

households (DEFRA, 2004). 

 

The building sector accounts for approximately 40 % of the primary energy use and 

36 % of the energy related CO2 emissions in the industrialised countries (IPCC, 

2001). Special features of the building sector are its long life cycles and the slow 

replacement of the building stock. Many buildings will remain for a century or more, 

which implies that the sector has time characteristics similar to the climate change 

issue. This leads to two basic observations. First of all, in order to have an immediate 

impact on emissions energy efficiency measures must be directed towards existing 

buildings. Secondly, the energy efficiency of the current new-construction will affect 

the prospects for climate change mitigation throughout the coming century. The new-

construction entails a unique and important opportunity to incorporate energy efficient 

technologies in the design of buildings. 

 

Several studies have pointed out major potentials to increase energy efficiency in the 

building sector. Eberhard (2004) found that major technical potentials are available in 

all sectors, but the largest are found in the building sector with a potential reduction of 

70 % of final energy use. The World Energy Assessment (2000) also points to 
                                                 
1 A common definition of fuel poverty is when a household cannot achieve indoor temperatures needed 
to maintain health and comfort for expenditure of less than 10 % of its income 



potentials that are economically feasible at current price levels; e.g. around 20-30 % 

in Western Europe, 20-40 % in Russia and 10-30 % in North America. 

 

2.1 Defining energy efficiency in buildings 

It should be noted that “energy efficiency in buildings” is not a specific technology in 

the same way as in most of the other POPA case studies. We define energy efficiency 

as the amount of energy services provided per unit of energy use. Thus energy 

efficiency is a function of the performance of a multitude of different components as 

well as the interaction between these components. It should be seen as a technology 

dependent parameter. This also implies that there is no such thing as buildings without 

energy efficiency, only buildings with better or worse energy performance. 

 

One of the central services provided by a house is to maintain a temperature 

difference to that on the outside (warmer or cooler). This disequilibrium requires 

supply of energy in order to balance losses through transmission and ventilation. In 

this case study we focus on technologies which work in favour of reducing energy 

losses, i.e. to make the house require less energy per energy service (the end-use 

energy efficiency of heating and cooling). Thus the energy use by electrical 

appliances and lighting is not part of the case study since they primarily supply other 

energy services than comfortable indoor climate. 

 

We have also made the decision to include only new and existing residential buildings 

in the case study, since the energy characteristics of industrial and commercial 

buildings are fairly different and also vary greatly depending on the type of activity in 

the buildings. 

 

2.2 Energy efficiency innovation 

Innovations for energy efficiency in buildings occur on two principally different 

levels. First of all, the properties and performance of materials and components affect 

energy efficiency through for example different U-values, heat exchanging efficiency, 

sun shading ability etc, meaning that important innovations take place in these 

respective industries. In these cases the construction companies may act as adopters of 

these components. The second level of innovation occurs within the building sector 



(construction companies, architects and technical consultants) and improves the 

energy efficiency of buildings as systems (see Table 1). 

 

Table 1  Technology developers and adopters at different levels of innovation. 
 Component/material 

innovation 
Building system 

innovation 
Developer Materials industry 

Component industry 
(windows, ventilation etc) 

Construction companies 
Architects 
Technical consultants 

Adopter Construction companies 
Housing associations 
Private households 

Housing associations 
Private households 

Examples Insulation materials 
Low-e windows 
Ventilation heat-exchangers 
Heat pumps  

Passive house concept 
Architecture 
House specific solutions for retro-fitting 
 

 

The focus of this case study is the development of new system innovations within the 

building sector and the adoption of energy efficient components, while the 

development of new energy efficiency components is outside of the scope. A survey 

on R&D needs for energy efficiency (Eberhard, 2004) showed a great potential with 

existing technology in the buildings sector, but that technological progress is by no 

means exhausted. For example, the development of vacuum-insulated panels would 

allow minimum transmission losses without requiring very thick walls. 

 

However, it is important to recognize that substantial increases in energy efficiency 

can be achieved by the diffusion of technologies that are already known. For example 

the best demonstrated technology for windows result in U-values of around 0.8 

W/m²K (using triple-glazing with metal coating and krypton gas filling), while a large 

portion of windows in Europe are still single glazing with U-values of up to 4 W/m2K. 

While R&D is likely to push the technology further to even lower U-values the largest 

potential for energy savings is found in the adoption of existing technology. 

 

A key system innovation in the building sector is the development of passive houses. 

Passive Houses are buildings which assure a comfortable indoor climate in summer 

and in winter without needing a conventional heating system. To permit this, it is 

essential that the building’s annual demand for space heating does not exceed 15 



kWh/m²/yr (Feist et al, 2005). This is made possible by the adoption of a combination 

of technologies: 

 

- Passive solar gain through optimized south-facing low-emissivity glazing 

- Well-insulated building shell 

- Thermal bridge-free construction 

- Air-tight building envelope 

- High efficiency heat exchanger (h ³  80%) or exhaust air heat pump 

 

With a well-balanced construction using these technologies, energy use for heating 

can be cut to a level where a comfortable indoor-climate can be achieved with no 

other energy supply than waste heat from electrical appliances and people. Thus 

savings can be made on the conventional heating system (furnace, pipes, radiators etc) 

which gives a real example of what Hawken et al (1999) termed “tunneling through 

the cost barrier”, i.e. the extreme solution may be more cost-effective than a small 

incremental improvement in energy efficiency. 

 

Other examples of system innovations are house-specific solutions to cut energy use 

in existing buildings, any architecture dependent energy use (e.g. window 

position/size), as well as systems that encourage energy saving behaviour (e.g. energy 

metering systems). 



3 The market for energy efficiency in buildings 

As discussed in the previous chapter energy efficiency is not a product and thus its 

market is not well-defined2. In this chapter we present some general characteristics of 

the European housing market (Section 3.1) and of key technologies and buildings 

system innovations (Section 3.2). 

 

3.1 The Housing market 

In 2004 the European construction industry accounted for a total production of 1004 

billion €, which is 9.9 % of GDP and 7.2 % of the employment (European 

Construction Industry Federation, 2005). These figures include production of 

buildings, civil engineering and renovation, of which new-construction of dwellings 

constitutes 26 %, i.e. 260 billion €. 

 

Figure 1 shows the development of the EU-25 residential building stock between 

1980 and 2003. The stock grows continuously with a rate of new-construction in the 

order of 20 times higher than the rate of building demolition. The annual new-

construction has been steady around 2.2 million dwellings during the last 20 years and 

is currently slightly higher than 1 % of the total building stock. 

 

                                                 
2 Policy schemes such as “white certificates” are attempts to create a more well-defined market (see 
Section 4.3) 
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Figure 1  Building stock, New-construction and Demolition of old buildings in the EU-25 
countries (Housing Statistics in the European Union, 2004). 
 

The age distribution of the housing stock differs greatly between the member states as 

shown in Figure 2. For example, in Cyprus more than 50 % of the dwellings were 

produced after 1980, while the corresponding figure for Italy is only around 10 %. 

Most European countries also have a building stock where at least 10 % were 

produced prior to 1919. 



 

  
Figure 2  Age distribution of the housing stock in the EU-25 countries (Housing Statistics in 
the European Union, 2004). 
 

Assuming that the future changes of the building stock will correspond to the average 

changes in the period 1980-2003, i.e. new-construction of 2.3 million dwellings per 

year and demolition of 200,000 dwellings per year, means that by 2050 64 % of the 

European buildings will be built prior to 2004 and 36 % will be new buildings.  

 

3.2 The Energy efficiency market 

The market for building components that improve the energy efficiency of new or 

existing buildings contains technologies at all levels, ranging from vacuum-insulated 

panels which is a technology still in an early phase of development to mineral wool 

insulation which is present to some extent in more or less every building in Northern 

Europe. Figure 3 gives a schematic picture of the relative maturity of some 

technologies with approximate positions along the conceptual S-curve of adoption 

over time. 
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Figure 3  Maturity of different energy saving technologies and system innovations. The 
figure is schematic with only approximate relative positions of the different technologies. 
 

The market penetration also varies greatly between countries (see Table 2, note that 

these figures are from 1996 and that this picture may look different today). Not 

surprisingly, heat conserving technologies have typically reached a larger market in 

cold countries such as Sweden and Finland were heating costs are larger, but for 

extremely heat efficient new buildings (passive houses) the market have come furthest 

in Germany and Austria. More than 4000 dwelling units have been produce with 

passive house standard in Germany (Feist et al, 2005) and at least 1000 in Austria 

(Haus der Zukunft, 2005). The German development over time is shown in Figure 4.  

 



Table 2  Per cent of households with double-glazing and roof insulation (Eurostat, 1996). 
 Double-glazing Roof insulation 

 % % 

Germany   88 42 

Denmark   91 76 

Netherlands   78 53 

Belgium   62 43 

France   52 71 

UK   61 90 

Ireland   33 72 

Greece   8 16 

Portugal   3 n/a 

Austria   53 37 

Finland   100 100 

Sweden   100 100 

 

 
 

 
 

 
Figure 4  Number of inhabited passive house dwelling units in Germany (Schnieders & 
Hermelink, 2006). 
 

The European passive house market is approximately 1000 new dwellings per year 

which can be compared to the total market housing for new residential dwellings of 

2.2 million dwellings per year (Figure 1), i.e. although in rapid growth passive houses 

account for less than 0.1 % of the total new-construction. 

 



4 The current state of policies and policy processes 

This Chapter aims to describe the current state of policies for energy efficiency in 

Europe: policy processes in the European Union (Section 4.1), and national policies as 

building energy standards (Section 4.2), economic policy instruments (Section 4.3) 

and communicative policy instruments (Section 4.3).  

 

4.1 Policy processes in the European Union 

The most important EU policy process for energy efficiency in buildings is the 

implementation of the Energy performance directive (2002/91/EC). The directive 

leaves the exact energy performance levels to the implementing member states but 

includes the following minimum requirements: 

 

- Mandatory energy performance requirements in new buildings. 

- Mandatory energy performance requirements in existing buildings that undergo 

major renovation and have a useful floor area over 1000 m2. 

- An energy performance certificate shall be available when buildings are 

constructed, sold or rented out. The certificate shall include reference values such 

as current legal standards and benchmarks in order to make it possible for 

consumers to compare and assess the energy performance of the building. The 

certificate shall also be accompanied by recommendations for cost-effective 

improvements of energy performance. 

- Regular inspection of boilers fired by non-renewable fuel of an effective rated 

output of more than 20 kW. 

- Regular inspection of air conditioning systems of an effective rated output of more 

than 12 kW. 

 

The Member States shall bring into force the laws, regulations and administrative 

provisions necessary to comply with the directive at the latest on 4 January 2006, with 

possible extension to 2009.  

 

The directive on CO2 emission trading (2003/87/CE) only includes major industries 

and power plants, but influences households indirectly through increasing electricity 

prices. For example, in September-November 2005 prices varied between 21 and 25 



€/tCO2. Assuming that marginal electricity production comes from a coal condensing 

power plant with a conversion efficiency of 35 %, this adds around 0.02 €/kWh to the 

electricity price for final consumers. 

 

4.2 National energy standards 

Energy efficiency standards have been implemented in many countries since the oil 

crises of the seventies. In general, the trend has been a gradual replacement of 

technology-based standards with different forms of performance-based standards. For 

example, in Sweden technology based standards were introduced in 1977 setting 

minimum requirements of U-values (W/m2/K) for each component (walls, roof, floor, 

windows). In 1988, the standard was upgraded towards total performance 

requirements, allowing trade-offs between U-values of different components, e.g. 

increased transmission losses through larger windows may be compensated for with 

thicker insulation material in roofs and walls. Currently efforts are made to design a 

performance standard based on total energy use (kWh/m2/yr). 

 

Table 3 gives a brief description of the status of energy efficiency standards for 

buildings in European countries before the implementation of the Directive on energy 

performance of buildings. Most countries have implemented some form of standard 

for new buildings, but the levels vary as shown in Figure 5.  
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Figure 5  Heating demand per air volume of a model house built according to different 
national building standards (revised until 1996) in the countries’ respective climates (based on 
degree-day figures, ranging from 1600 in Spain to 5978 in Finland) (Eichhammer & 
Schlomann, 1999). 



 

Table 3  Status of building codes for energy efficiency before the implementation of the 
Directive on energy performance of buildings (compilation from EuroACE, 2004). 

Country Status of building code 

Austria Almost all länder have improved U-values over the past years and in some 
cases have also gone well beyond minimum standards within the existing 
“Agreement on Energy Saving” of 1995 on the basis of Article 15a of the 
Federal Constitution Act between the federation and the nine länder. 

Belgium The Flemish region adopted the K553 insulation standard in 1991. The 
Walloon region approved the K55 standard at the beginning of 1997. Until 
then, the Walloon region had required the K70 standard since 1984. The 
Brussels region is expected to implement the K55 standard in the near 
future. The legislation is applicable for new and retrofitted buildings.   

Cyprus Harmonised legislation is being prepared laying down the requirements 
regarding: • the general framework of a common methodology for 
calculating the integrated energy performance of buildings 
• the application of minimum standards on the energy performance of new 
buildings 
• energy certification of buildings 
• regular inspection of boilers and of central air-conditioning systems in 
buildings 

Czech Republic Revised in 1994. The building code is not mandatory unless government 
money is invested. Thermal insulation is stipulated by the Energy 
Management Act of 2001. The standards will be revised because of the 
new Directive on Energy Performance of Buildings. 

Denmark The building code is already scheduled to be revised by 2005. Energy 2000 
stated that there would be a 25 % reduction in 1995 and a further 25 per 
cent reduction in 2005, both in relation to the code before 1990. Revision 
is needed to conform with the new EU Directive on Energy Performance of 
Buildings. 

Estonia The specification of thermal characteristics for buildings and insulation is 
on-going. 

Finland The new building code came into effect in 2003. It is to improve energy 
efficiency by about 30 % in new buildings. 

France Energy regulations for new buildings were updated in 2001. In the 
residential sector, energy consumption in new buildings should be reduced 
by 15% with respect to the 1989 regulations. In the commercial and public 
sector, a performance improvement of 40 % is expected. The new 
regulation "RT 2000" incorporates a general objective for the energy 
performance of the buildings and not merely constraints on particular 
aspects such as thermal insulation, thermal bridges, infiltration, etc. Space 
heating, ventilation, air-conditioning and domestic hot water are concerned 
(as is lighting in commercial and administrative buildings). The optimal 
combination can be chosen by building designers from among all possible 
solutions - thermal insulation, use of solar energy, high-performance space 
heating and cooling systems, etc - taking into account the practical 
constraints of the project and economic aspects. 

                                                 
3 This K-factor is a heat loss value of a whole building standardised by the Belgian Institute for 
Standardisation. Lower K-factors mean better insulation.  



Germany In 2002, the new Energy Conservation Ordinance came into force which 
aims at reducing the amount of energy used in heating, climate control, and 
hot-water provision in new buildings by roughly 25 to 30 %. It unifies the 
previously separate thermal insulation and the heating installation 
ordinances. The Energy Conservation Ordinance means that, for the first 
time, an overall optimisation of measures for thermal insulation on the one 
hand, and heat unit efficiency on the other hand, is possible and 
specifically supported by statutes. The Energy Conservation Ordinance 
also encourages energy efficiency improvements in existing buildings. The 
Ordinance requires that all boilers installed before October 1978 must be 
replaced. There were about 2 million such boilers in 2001. The ordinance 
sets stricter energy requirements when modernisation or retrofitting 
measures are undertaken than did the 1995 Thermal Insulation Ordinance. 
In some specific cases the ordinance requires retroactive improvement of 
insulation of floors, ceilings and piping. The federal government set new 
standards for the energy-efficient construction of administrative buildings. 
The new buildings, constructed for the relocation of parts of the federal 
government to Berlin in 1999, use 20 to 50 % less energy than is required 
by the recent Thermal Insulation Ordinance. 

Greece The joint Ministerial Decision of August 1998 provides for the 
replacement of the old Thermal Insulation Regulation with the issue of 
minimum energy efficiency standards for new buildings and the 
establishment of a new integrated energy study for the energy requirements 
of new buildings. Specifications, necessary for the application of the above 
measures, are now underway. New regulation is being prepared. 

Hungary The Hungarian Insulation Standard MSZ 04-110-2-1992 regulates 
buildings walls, floors, doors and windows, and defines the k insulation 
ratio. This standard has been in force since 1992. The government made 
the standards voluntary in 1994. The architect has to include in his report a 
statement that the design of the building is correct in this respect. 

Ireland Regulations from 2002 require new dwellings to be much better insulated. 
New thermal performance standards for replacement external doors, 
windows and roof lights in existing dwellings where work started after July 
2003 were also set. 

Italy The mandatory efficiency codes for new and renovated buildings were 
introduced in 1993. Additional non-mandatory codes are being developed. 

Latvia The code LBN 002-01 Heat Engineering of the Envelope of Buildings was 
adopted in 2003 with required maximum levels of calculated energy losses. 

Lithuania Thermal insulation standards, under the responsibility of the Ministry of 
Environment, were established in 1992. 

Luxembourg New regulations came into effect in 1996. The long-term energy savings 
are estimated to be in the range of 30-50 %. Monitoring is undertaken by 
certified architects or engineers attesting that the insulation standards have 
been taken into consideration. Penalties are imposed in cases of non-
compliance. 

Malta There is a draft building regulation on thermal performance values for the 
exterior envelope of buildings together with control measures for artificial 
lighting. 

Netherlands New energy performance standards required in the Dutch Building Decree 
came into force in 1995 and were revised again in 1999. These standards 
should lead to a stepwise reduction of gas use in new dwellings from 1450 



cubic metres in 1996 to 1250 cubic metres in 1998 and 1050 in 2000. 

Poland Technical requirements for buildings were approved in September, 1997. 

Portugal The Decree Law 40/90, which came into effect in 1991, is a regulation on 
the characteristics of the thermal behaviour of buildings. There are three 
climatic regions for winter conditions and three different climatic regions 
for summer. Plans to revise the code are underway. The Energy 
Programme, SIURE, can be used for funding energy performance of new 
and renovated buildings. There is the Regulation on the Energy systems for 
Acclimatisation of Buildings set by Decree-Law No.118/98 of 1998. 

Slovak 
Republic 

Building standards were revised in 1997. The Building Act and Act on 
Building Construction Products were revised in 1998. 

Slovenia The new technical regulation “Rules on thermal insulation and efficient 
energy use in buildings” (OJ RS, No. 42/02) based on EN 832 calculation 
method was promulgated in 2002. In order to fulfil the requirements of the 
new regulation savings of 30 % compared to previous regulation are 
expected. There is also “Rules on the ventilation and air-conditioning of 
buildings” (OJ RS, No. 42/02, 105/2002) which was promulgated in May 
2002. The regulation includes also energy efficiency requirements (e.g., 
waste heat recovery systems). 

Spain Royal decree 2429/1979, of 6 July (Annex 5), approved the Basic Building 
Code NBE-CT-79 regarding the thermal insulation of buildings. These 
codes require that the thickness of the thermal insulation be calculated 
according to the geographical location of the building and the economic 
conditions over the medium and long term. For this purpose, among other 
considerations, code NBE-CT-79 divides Spain into five climatic zones for 
determining the overall thermal coefficient appropriate for the building. 
Revisions are currently being worked on. Today's standards for energy 
savings in buildings were established by Royal Decree 2429 of 1979, 
which sets mandatory minimum requirements (NBE-CT-79) for thermal 
insulation. New more strict mandatory standards, in compliance with the 
“SAVE Directive” will be introduced in 2002. The autonomous regions 
will be responsible for the enforcement of these standards. 

Sweden Thermal insulation requirements as an element of energy efficiency policy 
were first enacted after the first oil crisis in 1975 and most recently revised 
in 1998. The regulations are now based on performance requirements. 

United 
Kingdom 

Most recent changes to the Building Regulations took effect in April 2002. 
Part L of the Building Regulations set out the requirements for energy 
efficiency and thermal insulation for the conservation of fuel and power. 

 

4.3 Economic policy instruments 

This section gives a brief description of the state of national economic policy 

instruments that influence energy efficiency in residential buildings: taxes on energy 

use and CO2 emissions, tradable certificate systems, and direct subsidies. 

 

 

 



Energy and environmental taxes 

Table 4 shows the current levels of energy and CO2 emission taxes on light fuel oil, 

natural gas, and electricity consumption as applied to households in the EU-25 

countries. 

 

Table 4  Tax rates on energy use and CO2 emissions from light fuel oil, natural gas, and 
electricity consumption as applied to households. All figures are taken from the OECD/EEA 
database on instruments used for environmental policy and natural resources management 
(OECD/EEA, 2005). N/a denotes not available in database. 

 Light fuel oil Natural gas Electricity 
consumption 

 €/1000 litre €/1000 m3 €/MWh 

Austria 98 66 15 

Belgium 20 0 1.4 

Cyprus 190 n/a n/a 

Czech Republic n/a n/a n/a 

Denmark 336 300 80 

Estonia 30 n/a n/a 

Finland 70 20 6.9 

France 60 13 n/a 

Germany 61 59 21 

Greece 250 n/a n/a 

Hungary 340 n/a n/a 

Ireland 30 n/a n/a 

Italy 400 n/a n/a 

Latvia n/a n/a n/a 

Lithuania 175 n/a n/a 

Luxembourg 0 n/a n/a 

Malta n/a n/a n/a 

Netherlands 130 120 60 

Poland 50 n/a n/a 

Portugal n/a 101 n/a 

Slovak Republic 170 n/a n/a 

Spain 80 n/a n/a 

Sweden 270 173 20 

UK 400 n/a 10 

 

The effects of energy prices on energy use has been analysed in many studies (See 

Box 1). 



Box 1  Cross-country comparisons of energy use and energy prices 
 
Countries with high energy prices typically have lower energy use than countries with low 
energy prices. Figure 6 below shows two graphs from separate studies; one on electricity 
consumption (Verbruggen, 2003) and one on gasoline consumption (Hammar et al, 2004). 
Both studies show a remarkably strong correlation between demand and price. It is evident 
that the development of energy prices through energy and environmental taxes is very 
important for energy intensity and energy efficiency. 
 

 

 
 

(a) 

(b) 

 
Figure 6  Cross country comparisons: (a) Electricity intensity (kWh per USD GDP) vs 
Industrial and domestic electricity prices (USD per kWh) (Verbruggen, 2003), and (b) 
Gasoline consumption per capita (thousand litres/cap) vs gasoline taxes (USD/litre in 1978 
prices) between 1978 and 1999 (Hammar et al, 2004). 
 
It is difficult to make the same comparison for energy use in buildings since the climate 
parameters and the age structure of the building stock differ significantly between countries 
(see Figure 2). An econometric analysis of time-series of specific energy use (kWh/m2/yr) 
between 1970 and 1993 in 10 different show short-run price elasticities from -0.09 in 
Germany to -0.22 in Denmark and long-run price elasticities from -0.11 in Sweden to -0.33 in 
Austria (Haas & Schipper, 1998). 



White certificates 

In analogy with tradable green certificates for renewable energy, tradable white 

certificates is a policy instruments which creates a market for energy efficiency 

measures. White certificates have recently been implemented for the gas and 

electricity utilities in the UK and Italy. In these systems quotas of energy savings are 

set according to the market shares of the utilities, and the utilities can either make 

end-use measures, such as improved insulation or energy efficient lighting, or buy 

certificates from other utilities. 

 

Theoretically white certificates have the same advantages as other market based 

instruments in that it should minimize marginal costs. Moreover, there may be 

positive scale effects since measures are made by large utilities or energy service 

companies (ESCOs) instead of by individual households. Disadvantages may be high 

transaction costs and problems to establish a credible baseline, i.e. it may be difficult 

to know what investments would be carried out anyway and what investments are the 

results of the trading scheme (Langniss & Praetorius, 2006). 

 

Subsidies 

There are lots of different national capital subsidy systems for energy efficiency. 

Many of these have been characterized by intermittency, changed rules etc. A list of 

current capital subsidies is given in Table 5. 

 



Table 5  Capital subsidies for energy efficiency in buildings (compilation from EuroACE, 
2004). 
Country Current capital subsidies 

Austria   All provinces offer subsidies for insulation. 

Belgium   Walloon region has subsidy for low income households to improve energy 
efficiency. 

Czech 
Republic   

A research, development and demonstration programme is run by the Czech 
Energy Agency. It aims to provide subsidies to support energy efficiency.   

Denmark   Grant provisions totalling € 135 million are made each year to improve energy 
efficiency. Subsidies for pensioners with low income. 

Finland   Grants made to cover pilot projects for energy saving technologies. 

France   Energy efficiency subsidies given to: (1) low income dwellers whose houses 
are older than 20 years; (2) rented accommodation dwellers, whose houses are 
older than 15 years; (3) rental and social housing improvement to assist 
organisations in improving their rental housing units, over 15 years old. 

Germany   Householders can receive a payment of € 256 per year for eight years for the 
installation of certain heat pumps, solar systems or heat recovery boilers. 

Hungary   Grant for additional insulation of the residential buildings, EE reconstruction 
of the heating system, changing the windows, started in 2000.   

Ireland   Energy action programme provided grants to low income and elderly 
households to insulate homes.   

Netherlands   Subsidies are provided for households which apply for listed energy efficient 
household equipment and building improvement. The energy distribution 
companies provide the subsidy and partially recover the cost as a tax 
allowance. 

Poland   A programme on Energy Efficiency and Thermo-refurbishment of Buildings 
in communal housing sector covering 2.4 million flats. Act approved by 
Parliament in 1998. 

Portugal   Incentive scheme for the promotion and deployment of energy efficient 
technologies. Grant includes energy measurement, investments and 
demonstration of prototypes.   

Slovak 
Republic   

Financial assistance for the investment in energy efficiency in apartments. 

Slovenia   Grants for replacement of windows and loft insulation.  

Spain   Demonstration projects subsidies within the Energy Efficiency and Saving 
Plan (PAAE). The programme was between 1991 and 2000.   

Sweden   Grants for reduced use of electricity for heating. 

UK   The Homes Energy Efficiency Scheme provides grants of up to € 492 to assist 
low income households install basic insulation. This grant includes payment 
for draught proofing, loft insulation, and other energy advice.  

 



A different type of subsidy is the loan support schemes provided in Germany. The 

Passivhaus policies is an interesting example of this (see Box 2). 

 

Box 2  Passivhaus policies in Germany 
 
The diffusion of passive house technology in Germany is an interesting success story. As 
shown in Figure 4 the growth rate is very fast growth from 120 dwellings in pilot projects 
1998 to 4000 dwellings in 2003 and with projections of a continuous high growth rate 
(Bühring et al, 2004). Except for Austria other European countries are far behind Germany 
and one may ask why. 
 
One reason may be that the technology to a large extent was developed in Germany (the 
Passivhaus institut in Darmstadt), but there are also guided policies that drive adoption. 
The German KfW Promotional bank (KfW Förderbank) provides special loans to private 
individuals and housing companies who invest in energy efficient residential new-
construction. For example, buildings that satisfy the requirements of energy use for heating of 
less than 40 kWh/m2/yr warrant loans under the Ecological Construction KfW-40 scheme. 
These loans cover a maximum of € 50,000 per unit at an interest rate set below the capital 
market level and fixed for 10 years. As the loans are set below the capital market level this 
can be seen as form of subsidy, but the system with providing fixed rates also ensure low 
economic risks. 
 
 

New technologies may also be supported indirectly through green public procurement 

(GPP). GPP has a fairly short history in the building sector but has been implemented 

in different forms in for example the UK, Germany and Japan (OECD, 2003). The UK 

example is presented in Box 3. 

 

Box 3  Public procurement in the UK 
 
The UK Government has issued new standards for construction procurement:  
Common minimum standards for the procurement of built environments in the public sector 
(Office of Government Commerce, 2005), which are mandatory across central government, 
including departments, executive agencies and the non-departmental bodies for which they 
are responsible. These requirements handle several aspects such as health and safety, design, 
and sustainability. Regarding energy and environmental performance it states the following: 
 
“Any new procurement project (whether new build, refurbishment, purchased, leased or the 
procurement of a service – e.g. managed work space) must fall into the upper quartile of 
energy performance for the building type, except where specific operational requirements 
prevent this.” 
 
“An appropriate environmental assessment process such as BREEAM1…  ...must be carried 
out on all projects. Where BREEAM is used, all new projects are to achieve an “excellent” 
rating and all refurbishment projects are to achieve at least “very good” rating” 
 
1 BREEAM (Building Research Establishment Environmental Assessment Method) is an 
environmental labelling scheme run by the UK Building Research Establishment (BRE).  
 



4.4 Communicative policy instruments 

As shown in Table 6 there are several existing national schemes for energy labelling 

of buildings of which most are voluntary, but for example Denmark has enforced a 

mandatory system (Box 4).  

 

Table 6  Status of energy certification before the implementation of the Directive on energy 
performance of buildings (compilation from EuroACE, 2004). 
Country Status of energy certification of buildings 

Austria   The elaboration of a national standard for an energy certificate is well 
advanced. The energy certificate will be designed to provide information 
to consumers on the thermal and energetic characteristics of buildings and 
parts of buildings, to give evidence of the fulfilment of legal requirements 
concerning thermal insulation, to serve as the basis for renovation of 
buildings and to serve as the basis for granting subsidies.   

Belgium   There is no requirement   

Cyprus   There is no requirement   

Czech Republic   There are energy labels for new buildings and modernisation of existing 
buildings, as required under EU Council Directive (SAVE). It is 
obligatory in accordance with Regulation No. 137/1998 Coll. 

Denmark   Mandatory energy-labelling scheme for large and small buildings. 
(See Box 3) 

Estonia   There is no requirement.   

Finland   There is no requirement.   

France   France has four voluntary labelling programmes for new buildings.  A set 
of regulations should soon be adopted requiring a standardised assessment 
of annual costs of energy to be notified on the occasion of the sale or 
rental of a building for residential or tertiary use. The regulations are now 
being designed and should be adopted along with the new thermal 
regulation. 

Germany   Certification is required for existing buildings only if large renovation is 
undertaken.   

Greece   Regulations being prepared.   

Hungary   There is no requirement.   

Ireland   The Irish government is incorporating a system of energy rating as an 
amendment to the Technical Guidance Document L, Fuel and Energy 
Conservation, of the Irish Building Regulation. The revised document, 
published in the fall of 1996, is mandatory. 

Italy   Law No. 10, Jan. 9, 1991 requires mandatory building energy certification. 
There is voluntary certification in some regions.   

Latvia   There is energy certification of different types of buildings and 
enterprises. 

Lithuania   There is no energy certification programme.   

Luxembourg   A certificate will be required after major retrofits.   



Malta   There is no energy certification programme.   

Netherlands   For new houses, they are required by the building code. A quality control 
scheme certifies the process of assessment for existing buildings.   

Norway   There is a voluntary scheme.   

Poland   There is no energy certification programme.   

Portugal   Specific legislation to approve a certification programme under 
preparation and should be approved in 2004.   

Slovak Republic   There is no energy certification programme.   

Slovenia   There is no energy certification programme.   

Spain   Mandatory for new buildings under public authorities.   

Sweden   There is no requirement.   

Switzerland   There is no energy certification programme.   

United Kingdom   The Standard Assessment Procedure (SAP) produces an energy cost rating 
for space and water heating and a carbon index for dwellings. It is legally 
required for new housing.   

 

The effectiveness of communicative policy instruments is very difficult to assess as 

the baseline is always unclear. Energy labelling appear to have been effective for 

electrical appliances such as white goods, but the housing market is fairly different. 

When purchasing white goods, there may be very similar products with different 

energy labels and thus the label may be crucial for the decision. When purchasing or 

renting a house, this situation is very unusual and several other aspects such as 

distance to work, neighbourhood, architecture etc are typically much more important 

and energy efficiency is merely a small part of the cost calculation. 

 



 

Box 4  Mandatory energy labelling scheme in Denmark 
 
In 1997, Denmark enforced mandatory energy labelling of buildings under two different 
schemes: the energy management scheme for large buildings (ELO) for buildings of more 
than 1500 m2 floor area, and Energy labelling in small buildings (EM scheme). 
  

 

 
 
 
Building identification 
 
 
 
 

 
 
 
 
 
Labelling (A - M) 
Heating 
Electricity 
Water 
 
 
 

 
Specific consumption 
Heating (kWh/m2/yr) 
Electricity (kWh/m2/yr) 
Water (m3/m2/yr) 
 
Environmental impact 
label A - M 
(relative CO2 emissions) 
 
 
 

Total figures 
Annual consumption (MWh) 
Annual costs (DKK) 
Annual emissions (tons CO2) 

 



5 Existing barriers and drivers 

As pointed out in Chapter 2, the technical potentials for energy efficiency 

improvements buildings are enormous (in the order of 70 %) and a significant portion 

of this may be feasible already at current energy prices. This implies that market 

barriers may hinder the development towards improving energy efficiency. In this 

project, barriers and drivers have been analyzed using two different methodologies: 

qualitative semi-structured interviews (Section 5.1), and statistical analysis of 

questionnaire responses (Section 5.2). 

 

5.1 Summary of Interview report 

Fifteen interviewees were selected using two criteria. First of all they should have 

solid experience from energy issues in the building sector. Secondly, their individual 

experiences should be complementary so that they can shed light on the building 

sector from different angles. Some have experience from more than one type of actor 

in the building sector, but based on their most recent occupation they can be 

categorised as follows: four from public authorities/governmental organisations, two 

from construction companies, two from clients/housing companies, two architects, 

one from an energy company, one from an environmental NGO and three independent 

experts/consultants (See Appendix A). The interviewees all answered the questions as 

individuals and not primarily in capacity of their official positions. 

 

The interviews can be categorized as qualitative semi-structured. In order not to guide 

the interviewees with leading questions, the first half of each interview was spent on 

an open discussion. In the second half more specific predefined questions were raised. 

The interviews were about one hour long and performed face-to-face or by telephone. 

 

The responses were analysed in a matrix with the interviewees on one axis and the 

questions on the other. The matrix was condensed in several steps in order to extract 

interesting and recurring information. 

  

As discussed in Chapter 2 there are available technologies to cut energy use in 

buildings to a fraction of the predominant level. This is also reflected by the responses 

from the interviewees, who raise very few technical barriers to increasing energy 



efficiency in buildings. Thus the main focus of this case study is technology adoption 

and diffusion rather than technology development. 

 

Organisational capabilities 

Figure 7 gives a schematic picture of the actor system involved in residential new-

construction. The building process can be very complex with several different actors 

involved, and many of these may influence energy efficiency. External pressure to 

develop and adopt energy efficient technologies may come as rules and regulations 

from authorities (typically buildings energy standards) or from the demand of the end-

users (households). Most of the interviewees pinpoint the clients/house owners as the 

most important actors to drive change in the building sector, as the clients sit in a key 

position between the demand from the households and the technical expertise of the 

different actors involved in the building process (at least in Sweden, clients are also 

legally responsible for the fulfilment and supervision of the building regulations). 

Many interviewees also stress the importance of active energy policy from the 

government and authorities responsible for building regulations 

 

 

 

 

 

 

 

Figure 7  The actor system for residential new-construction. The figure is simplified to reveal 
the basic structure. Other actors include banks and producers of technical systems (e.g. 
HVAC) and building materials. Builders may include several sub-contractors. In other cases, 
households may act as their own client. 
 

One of the interviewees describes the predominant building process like this: “First 

an architect is appointed who draws a house and then leaves the project, then you 

look for different consultants to make for example ventilation and electricity work and 

the project just moves on with not too much interaction. In order to produce an 

energy efficient building, all actors must work together towards a common goal. This 

does not exist today”. Borgbrant (2003) comes to the similar conclusion that each 

  Households 

   Authorities         Clients 

     Builders 

   Architects 

  Consultants 

Building 
process 



actor only makes an effort according to the contract without relating the result to the 

project as a whole. 

 

The link between energy efficiency and co-operation between actors may also be a 

reason for the predominance of projects which simply follow the energy standards, 

which is discussed in the section on regulatory pressure. Apart from increasing 

investment costs the interviewed builders and architects also see organisational 

thresholds to go beyond the standardised level of energy efficiency, e.g. a more 

advanced ventilation system may require a closer co-operation between architects and 

engineers, while improved air-tightness of building envelopes also require improved 

quality control throughout the building process. Increased co-operation however may 

come into conflict with time constraints in projects and thus involve higher costs. It is 

likely that such costs are thresholds and decrease when new practices are established. 

 

Regulatory pressure 

Governments obviously impose pressure for increasing energy efficiency through 

energy and emissions taxes. There is however far from consensus among the 

interviewees that increasing energy prices is the key for improvements in the building 

sector. Several interviewees, including both of the Eastern European ones, point to 

energy prices as the most important factor, while most of the others rather stress the 

importance informational and organisational barriers to change4. 

 

The authorities also directly influence the energy efficiency of the new-construction 

through the design of building energy standards. There is a strong consensus among 

the interviewees that the standard is the most common basis for decisions on energy 

efficiency investments in the new-construction. A Swedish example to this is the 

previously mandatory heat recovery for ventilation systems. When exceptions to this 

rule were introduced in 1995 new-construction with heat recovery became rare. 

 

 

                                                 
4 Nässén et al (2005), show that declining specific energy use for heating in Sweden has a high 
correlation with increasing energy prices in existing buildings but very low correlation in the new-
construction. Energy price elasticities are found to be in the lower range of energy price elasticities 
from literature, implying that a reduction in energy use requires relatively large increases in energy 
price. 



The Swedish interviewees express a three-fold critique against the current standard: 

 

1. While the energy standard was designed to ensure a lowest level of energy 

performance, it has also developed into a norm with very few clients trying to 

go further based on other criteria such as Life Cycle Cost (LCC), even though 

studies show that this may be profitable (Lindahl et al, 2003). Lack of LCC-

calculations is expressed by more or less all Swedish interviewees and all 

international except the German interviewee. 

 

2. Follow-ups indicate that the measured energy use often substantially exceed 

calculated values. One of the reasons pointed out in these studies is that the 

standardised calculations are too simplified for multi-dwelling buildings (e.g. 

over-estimation of solar gains and exclusion of thermal bridges). One of the 

interviewees says “these calculations are only carried out to prove fulfilment 

of the standard not to ensure energy efficiency”. 

 

3. A majority of the interviewees consider the energy standard to be too weak in 

general. The minimum performance set by the Swedish energy standard is still 

one of the most stringent in Europe, although the level has remained fairly 

unchanged since the introduction in 1977. 

 

Even though critical comments regarding the design of the building energy standard 

were numerous in the interviews, none of the interviewees questioned the validity of 

energy standards in general. Thus the arguments in opposition of command-and-

control policies found in economic literature5 were either not considered or regarded 

as having little importance. Note however that while point 1 above is interpreted as a 

design flaw here it could also be seen as an inherent problem of standards as policy 

instruments. 

 

 
                                                 
5 The major argument is heterogeneity in marginal cost which may make command-and-control 
policies less cost efficient than market based instruments (Newell & Stavins, 2003). In the case of 
energy efficiency in buildings, this could for example be that thick wall-insulation may be more costly 
in city centres were land prices are high. Contrary to energy standards, market based instruments would 
theoretically find cost efficient solutions with more insulation where land-prices are low and less where 
land-prices are high. 



Market pressure 

Recurrent comments in the interviews are that the clients’ focus is to minimize 

investment costs rather than life cycle costs and that the budgets for new-construction 

and operation are separated. To some extent this may be explained by the clients’ 

shortcomings in organisation or competence, but it may also be the case that they 

react rationally to a demand from a short-sighted market. 

 

The relation between households and clients depend on the type of client. In multi-

dwelling buildings the traditional client is a private or public landlord or a federation 

of housing co-operatives. In other cases building companies act as their own client 

and sell directly to the housing market. The latter practice has increased in recent 

years and most of the interviewees raise this as a problem especially combined with a 

guarantee of only two years. The basic argument for this is that the client has no real 

incentive (besides feed-back through reputation) to reduce life cycle costs of 

buildings. 

 

There is also a lack of transparency concerning the energy efficiency of buildings. 

While the capital cost is visible, the operation cost is often hidden to the buyer. This 

implies a major barrier for an evaluation based on lifecycle cost and makes it difficult 

to get paid for producing a more energy efficient building. This problem is addressed 

in the EU-directive on Energy performance in buildings (2002/91/EC) which includes 

mandatory energy certification of all buildings on the housing market from 2006 (with 

exceptions until 2009). Most of the interviewees were cautiously positive to the new 

directive. However, to most house buyers several features such as design, quality and 

location are more important than energy efficiency which is merely a minor cost issue 

given that energy costs constitute a small part of the total expenditures. 

 

3.4 The learning process (learning and technical capabilities) 

To the open question “What do you see as the main barriers to a more energy 

efficient new-construction?”, the most common type of response has to do with 

knowledge barriers. These responses focus particularly on the clients’ competence but 

limited energy knowledge among architects was also a recurring answer. Specific 

questions on the clients’ competence indicate first of all a very large spread. Big 

clients such as the public housing companies in big cities and federations of housing 



co-operatives are seen as fairly competent while smaller clients must rely on the 

building company (see section 4.2.1) or external consultants. Declining residential 

new-construction in the early nineties also lead to outsourcing of technical 

competence in many companies. When internal energy competence is lost, energy 

issues may also loose their advocates and thus become vulnerable to cost cuts. 

 

The interview results indicate that the knowledge barriers to energy efficient new-

construction may be quite severe. However, when interpreting these results it should 

be noted that conclusions of the type “they don’t know better” may be very easily 

drawn. The identification of organisational barriers requires more active reasoning 

from the interviewees’ side. 

 

The creation of knowledge and competence within organisations can be viewed as a 

learning process which depends on feed-back mechanisms to make use of 

experiences. We identify a need for transfer of experience along at least three 

directions: 

 

1. From the use phase to the production phase. Production and operation are 

typically separated activities within the client organisations and thus staff from 

the operation side often has little input in the planning of new projects. 

Moreover, feed-back from users to builders occurs only through occasional 

surveys or research projects. 

 

2. From one project to the next project. The British interviewee states that 

“learning processes do not work well in general. If there is a learning process 

it is within companies and probably only on cost reduction”. Interviewees 

from Swedish building companies respond “There is a need for more 

systematic ways o improve knowledge” and “We fail on this point”. These 

findings are supported by Josephson et al (2003) who point to that the focus on 

short-term cost minimization within each building project results in too low 

priority of long-term goals such as learning. Particular features of the building 

industry are also that one project may include only one or a group of objects 

(there are exceptions though, especially for detached houses) and that each 

project can be characterised as a temporary organisation (Lundin & 



Söderholm, 1995). In other industrial sectors such as the automobile industry 

learning-by-doing is more easily implemented in the production process. In the 

building process learning is typically not systematic but functions only 

through the experience of individuals. 

 

3. From energy efficient demonstration projects to the typical new-construction. 

There is a striking gap between these types of construction. “There is a lack of 

an intermediate step between what is really energy efficient and the 

mainstream”. Femenías (2004) points to a lack of project evaluations of 

demonstration projects, both for internal build-up of knowledge and for 

diffusion of knowledge to the external world. It appears that the bridge to a 

wide-spread diffusion of demonstrated technical and organisational knowledge 

is a weak point. The German interviewee points to the success of the German 

Passivhaus6 market. This is an interesting success story compared to the 

situation in most other countries, with a fast diffusion from 120 dwellings in 

pilot projects 1998 to 4000 dwellings in 2003 and with projections of a 

continuous high growth rate (Bühring et al, 2004). 

 

5.2 Summary of WP2 

In Work Package 2, the behavioural approach of Montalvo (2001) is used to 

determine the driving as well as inhibiting forces of the innovative behaviour of firms. 

A central hypothesis is the engagement of firms in the development or adoption of a 

new (cleaner) technology (I) can be explained by their leaders’ willingness (W) to do 

so which is itself determined by a series of domain indexes: perceived environmental 

risk (EV), economic risk (ER), community pressure (CP), market pressure (MP), 

regulatory pressure (RP), technological capability (TC), organisational learning (OL), 

strategic alliance formation (AL) and networks of collaboration (NW), so that: 

 

I ~ W = W(EV, ER, CP, MP, RP, TC, OL, AL, NW) 

 

Each of these 9 domain indexes reflect the replies to a series of questions with 

multiple-choice answers on the basis of a 7-point scale ranging from one extreme of 

                                                 
6 In these passive houses, the calculated energy use for heating should not exceed 15 kWh/m2/yr. 



an attribute (e.g. ‘very unlikely’) to the other (‘very likely’). In total the questionnaire 

contained around 120 questions of which most were common to the questions in the 

other case studies of the POPA project. A schematic illustration of the different levels 

of explanation of the firm’s innovative behaviour is given in Figure 8. 

 

Figure 8  Schematic illustration of the levels of explanation of the firm’s innovative 
behaviour. 
 

A Swedish translation of the questionnaire was sent to 150 actors within the Swedish 

building sector: 40 architects, 30 building companies, 25 technical companies, 55 

housing companies out of which 10 coops, 10 privately owned and 35 public. The 

overall response frequency was 37 % but differed between the groups: architects 15 

%, building companies 40 %, technical consultants 36 % and housing companies 44 

%. 

 

In addition, 800 English questionnaires were sent to a similar selection of actors in the 

rest of Europe, but this resulted in a very poor response rate (most likely due to the 

language barrier) of less than 5 %. This small group of respondents are hardly 

representative for the entire sector and thus all non-Swedish responses were excluded 

from the statistical analysis. 
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At first an assessment with all the actor groups was made. The salient dimensions that 

influence the willingness at present were the perceived economic risk of engaging in 

the production of more energy efficient buildings and the firm’s technological 

capacity to perform improvements. Important factors influencing the economic risk 

perception were the R&D needed and the cost associated with this R&D; the 

customer’s willingness to pay for more energy efficient buildings and thus the firms 

possibility to recuperate the extra investments needed to improve energy efficiency, 

influencing in the end the risk for losses; and how low energy buildings can compete 

with standard buildings. Concerning the capacity to improve energy efficiency in 

buildings key issues were the compatibility of the construction processes inherent to 

new energy saving technologies in buildings with the conventional construction 

process, and the capacity to produce “passive houses” and houses with natural cooling 

systems. Other significant domains were perceived environmental risk, pressure from 

regulatory bodies, learning within the firms and the capacity to form networks of 

collaboration.  

 

Both in the mid-term and long-term future the perceived economic risk continues to 

be the most important dimension to influence the willingness to engage in more 

energy efficient buildings. In the mid-term perspective technological capabilities 

continue to be important, while they are replaced with the ability to cooperate in 

networks in the long term.  The behavioural models derived from the statistics of the 

survey can be seen in the box below:  

 

 

Behavioural model based on survey results 

At present: 

I~W=1.43 + 0.26EV + 0.68ER – 0.22RP + 0.23TC + 0.24L – 0.21NK  (R2: 0.50) 

The next 5 to 10 years: 

I ~W=1.71 + 0.67ER – 0.23RP + 0.32TC     (R2: 0.56) 

In the long run:  

I~W=1.93 + 0.31ER + 0.21RP + 0.22NK     (R2: 0.58)  



Two more homogenous groups were analysed separately: first, construction 

companies and architects together, second, the different types of housing companies 

representing the adopters. The most salient domain for construction companies and 

architects in all three time perspectives was the technical capabilities of the firms. 

While perceived economic risk was important for the present time period, it later 

became insignificant and learning within the firm and within the sector rose in 

significance instead. 

 

For the adopters, i.e. the housing companies, organisational learning, economic risk, 

and market pressure appeared to be the most important areas to improve the 

willingness to engage in energy efficient buildings. 



6 Rationale and options for policy intervention 

The survey in Chapter 4 shows that there are already a great number of policy 

instruments which directly or indirectly have been implemented to promote energy 

efficiency in buildings. Before suggesting any new policy instruments it is important 

to ask what specific problems the policy instrument should address. The fundamental 

rationale for policy instruments is the presence of market imperfections. In this case 

study we consider the following: 

 

- Environmental externalities (Section 6.1) 

- Imperfect information: Asymmetric information and transaction costs (Section 6.2) 

- Public good characteristics of technology development and adoption (Section 6.3) 

 

The evaluation of policy instruments should include parameters such as cost-

effectiveness/cost-efficiency7, the interaction with other goals (e.g. equity), and 

politically feasibility. 

 

6.1 Environmental externalities 

The environmental externalities created by the use of energy are obvious market 

failures that need to be addressed by policy instruments. However, it is important to 

recognize that that these external costs can be reduced in various ways such as 

improving energy efficiency, substitution of energy sources (e.g. renewable energy) 

and end-of-pipe solutions (e.g. carbon capture and storage), as well as in different 

sectors (buildings, transports, industry) and by different actors. 

 

On an, in other respects, perfect market, market based policy instruments such as 

emission taxes or tradable emissions permit systems are superior in order to meet 

environmental goals in a cost-effective manner. Preferably such systems should be 

economy wide and include as many actors and sectors as possible. 

 

Thus, while the price mechanism is one of the most important drivers for improving 

energy efficiency in buildings, it should be seen as policy instrument at a wider level 

                                                 
7 Here the term cost-effective means that an environmental goal set by society is achieved at least cost. 
The term cost-efficient is more ambitious also meaning that the marginal cost of environmental 
damages should equal the marginal abatement cost (Sterner, 2003).  



and not address a specific sector such as the building sector. However, even with the 

right energy prices (including environmental externalities) other market imperfections 

may hinder the development and adoption of energy efficiency (see the following 

sections 6.2 and 6.3). 

 

6.2 Imperfect information 

One of the key market failures that justify policy intervention is asymmetric 

information, i.e. when one economic agent has information that another agent does 

not have access to. In economic theory the study of contracts between various agents 

was the first area in which these ideas developed. The basic idea is that there exists a 

principal that enters some kind of agreement with an agent. The agent and the 

principle will have differing utility functions and it will be costly for the agent to 

internalize the objectives of the principal. The difficulty in aligning the objectives 

arises from the specialization of the agent; this is also one of the main causes of the 

principle hiring the agent. One consequence of the specialization is that the principal 

has less information than the agent. The principle’s problem is then to design 

incentives that will make the agent internalize the principal’s objectives. 

 

Various types of asymmetric information problems are brought up in the literature 

depending of the nature of the information missing. Hart and Holmström (1987) 

distinguish between adverse selection, when there is a lack of information before a 

contract is made, i.e. in the open market case, and moral hazard, when there is 

asymmetric information after a contract is entered. Within moral hazard there can also 

be a distinction between hidden action and hidden information. In the first case the 

principal cannot observe the work being done by the agent and in the second case 

instead information of a certain quality, for e.g. the marginal costs for a certain level 

of output, is unknown. Another type of market failure with connections to asymmetric 

information is split incentives, but the main problem in this case is that none of the 

parties is able to appropriate the benefits of an investment. 

 

The branch of the research around contracts has focused on the internal organization 

of firms. The research is clearly linked to organization theory but the interest is also to 

see how this will affect the assumed profit-maximising behaviour and the 

consequences on market outcome and allocations in the economy (Hart and 



Holmström, 1987). In the case of energy efficiency it is of interest to see if any energy 

efficiency opportunities are lost due to lack of implementation incentives in the 

organization of the firm. 

 

Kenneth Arrow (1969) (reference in Sorrel et al, 2000) point to that transaction costs 

may be a better point of departure than the more neo-classical view of market failures: 

 

“Market failure is not absolute, it is better to consider a broader category, that of 

transaction costs, which in general impede and in particular cases completely block 

the formation of markets” 

 

Transaction costs are costs for market transactions such as search costs, information 

costs, negotiating and monitoring costs (Ostertag, 1999). These costs may naturally be 

very high for energy efficiency investments, since many important decisions that 

require technical knowledge are made by laypersons. More technology oriented 

researchers (e.g. Levine et al, 1995) have also considered this aspect of information as 

a market failure, while Jaffe & Stavins (1994) argue explicitly against this view: 

 

“Some analysts have identified the transaction costs associated with adopting new 

technologies as an additional category of market failure. Other than with regard to 

the public good dimensions of learning, such adoption costs are more aptly described 

as part of the typically unmeasured costs of technology.” 

 

This may be slightly puzzling. While transaction costs do not qualify as market 

failures from an economist’s point of view, market intervention through for example 

energy efficiency standards may still override these costs and increase economic 

efficiency. 

 

There are two principal ways to handle imperfect information: information schemes 

(information campaigns or labelling), and direct regulation of energy performance. 

 

Energy labelling of buildings is underway through the EU-directive on Energy 

performance in buildings (see Section 4.1) which includes mandatory energy 

performance certification. These systems will be implemented at the national level 



and will probably look fairly similar to the current Danish system (Box 3). Regulation 

of energy performance in new buildings is also implemented in most countries since 

many years (see Table 3) and will become mandatory in some form for renovations of 

large buildings (floor area over 1000 m2) as enforced by the EU-directive. 

 

Another possible measure which could cut transaction costs is to offer education or 

technical support to key actors of the building sector. According to the interview 

study (Section 5.1), clients such as housing associations is an important actor group 

with great influence on energy use but often with relatively low capability in the field. 

 

6.3 Technology development and adoption are public goods 

Both developers and early adopters of new technologies bear high costs, take risks 

and invest in learning, but the value that this creates to society is not fully captured by 

the investing private actors. Empirical learning curves illustrate that investments in 

learning reduce the cost of technologies to the benefit of society as a whole. This 

means that technology development and adoption have public goods characteristics 

which are known to be under-provided by the free market (see e.g. Jaffe & Stavins, 

1994). 

 

This means that there are reason to consider policy intervention to achieve more 

technology development and early adoption of new technologies. The question is 

what policies are best suited for the task? Here are a few of the available options: 

 

- Support for R&D 

- Capital subsidies or loan support schemes to new technologies 

- Support for establishing niche markets 

- Green public procurement 

 

All of these require public funding and can be seen as different forms of subsidies. 

Good aspects of subsidies are that they are usually politically easy to implement (no 

actors suffer in a direct sense), and that that actors appear to be very responsive. In a 

study on the adoption of energy efficient technologies Anderson & Newell (2004) 



show that companies are more responsive to initial costs than to annual savings8, 

which suggest that capital subsidies may be more effective than energy price increases 

at promoting energy-efficient technologies. 

 

One of the well-known draw-backs of capital subsidies is the free rider problem, i.e. 

that a significant portion of the adopting actors would be interested anyway which 

results in money transfer with no other effect. Another problem is addressed by 

Mulder’s model of the effects of subsidizing the adoption of energy saving 

technologies (Mulder, 2005): 

 

“Subsidies were shown to raise the speed at which firms adopt. This unambiguously 

fosters energy saving in the short run. In the longer run however, account has to be 

taken of the quality of the technologies that are being adopted. The delayed response 

of firms receiving a low subsidy results in – on average – the adoption of better 

technologies. In the long run, this quality effect may dominate the short-run effect of 

increased adoption of technologies in terms of the level of aggregate energy savings”. 

 

Thus, there may be a risk that subsidies designed to promote energy efficiency may be 

counterproductive as they may favour a lock-in into relatively inferior technologies. 

The risk of premature as well as incautious adoption of technologies should certainly 

be considered before running to conclusions regarding subsidy programmes or major 

public procurement. There are deterring examples of this also in the case of energy 

efficiency in buildings. In the early 80s the Swedish government subsidized additional 

wall insulation to reduce heat losses in existing buildings. Some of these buildings 

were later shown to suffer from moisture problems and poor ventilation performance 

which have been claimed to cause allergic reactions for the residents. Today, practices 

are better and these problems can be easily avoided but the story lingers and still 

constitutes a (mental) barrier for energy efficiency in buildings. 

 

Another aspect to consider is that the early market may be that the early adopters may 

be motivated by other goal than sheer cost-minimization. In three consecutive papers 
                                                 
8 This links to the inter-temporal valuation of costs and benefits. Several studies have found that both 
households and companies implicitly apply discount rates higher than the cost of capital to investments 
in energy efficiency (e.g. Hausman, 1979; Gately, 1980; Meier & Whittier, 1983; Ross, 1986; 
Ruderman et al, 1987; Kooreman, 1996; Nyboer, 1997). 



Egmond et al (2005, 2006a, 2006b) explore strategies and policies to encourage Dutch 

housing associations to invest in energy efficiency. A particular focus in this study is 

the difference between the early market and the mainstream (Table 7), and that the 

same set of policy instruments may not be appropriate for both segments. 

 

Table 7  Comparison of early market actors and mainstream market actors (Egmond et al, 
2006b). Note that the mainstream market appear to behave almost as the firms in economic 
theory, while the early market does not primarily seek cost minimization. 
Characteristics of the actors  

Early market: visionaries Mainstream: pragmatists 

Seek revolutionary advances Seek evolutionary advances 

Motivated by future opportunities Motivated by current problems 

Self-referencing Reference others perceived as similar 
Avoid the herd Stay with the herd 

Risk-taking Risk-aversion 
Intuitive Analytic 

Contraire Conformist 

Seek what is possible Pursue what is probable 
Seek best technology Seek best solution or functionality 

Not better but different More of the same 
Often curative Preventive 

Fast Slow 
 

Several policies may be useful to drive change in the mainstream market: judicial (in 

particular for “laggards”), economic and communicative policy instruments. Fewer 

alternatives are at hand for the early market, since these actors are already internally 

motivated. Egmond et al (2006b) argues that this segment is not best influenced by 

economic instruments since they may choose best technology anyway and that instead 

contests and knowledge transfer about innovative technologies may be more 

appropriate. Probably this is a slight simplification, since most visionary early market 

actors will also share some of the pragmatic characteristics of the mainstream. 



7 Conclusions and recommendations for policy instruments 

Considering the current state of policies and policy processes (Chapter 4), the barriers 

and drivers for energy efficiency in buildings (Chapter 5), and the available policy 

options (Chapter 6), we draw the following conclusions divided on new buildings and 

existing buildings. 

 

New buildings 

The energy efficiency of new buildings can be improved radically to less than 15 

kWh/m2/yr for space heating (compared to around 100 kWh/m2/yr in the typical new-

construction) by combining rather well-proven technologies. Such buildings often 

referred to as passive houses appear to be cost-effective or close to cost-effective 

already at current energy prices but the market share is still less than 0.1 % of the total 

new-construction in Europe. 

 

In the questionnaire (Section 5.2) we identified economic risk (ER) as the most 

important factor in order to support the willingness to innovate and adopt in the 

building sector. On way to reduce economic risk is to support long-term low-interest 

loans for new-construction fulfilling certain energy performance standards (not 

technology specific but e.g. 15 kWh/m2/yr). Such policies are in place in Germany 

(see Box 2) where they appear to be effective and where we also find around 80 % of 

the current European passive house market. Energy performance standards with 

different levels tied to economic incentives also reduce the risk of standards turning 

into rigid norms. For example the interviews performed in Sweden indicate that the 

minimum standards are perceived as a guideline and that it is uncommon to even 

assess the profitability of additional energy efficiency investments. 

 

It is also important to recognize that the building process differs significantly between 

small scale low energy pilot projects where the different actors are involved 

throughout the project and in the mainstream new construction were the actors 

typically work in separate phases of the process. This issue could be explicitly 

addressed through bridging pilot projects involving different actors and aiming to 

work out routines and processes that are both cost/time-effective and ensure the 

quality required to construct low energy buildings. 



 

The interview study also revealed that while clients (e.g. private and public housing 

associations) are a very important group of actors with great influence on the energy 

efficiency of new buildings they often possess a relatively low capability in the field. 

Thus offering education or technical support to such actors may be a useful measure 

to make them order buildings with better energy performance. 

 

Existing buildings 

In existing buildings, the shortest pay-backs of investments in energy efficiency are 

typically found in combinations with other retrofitting measures, e.g. adding 

insulation when façades are renovated and choosing energy efficient windows when 

replacing old ones. Seizing such opportunities as they emerge is important in order to 

utilize the economic potentials for improvements in energy efficiency. For example, 

in many European countries there are a great number poorly maintained blocks of 

flats from the 60s and 70s which also have a poor energy performance.  

 

One way to address this problem is to establish guidelines and rules for green public 

procurement in for example the social housing sector. Box 3 presents a good example 

of this for governmental buildings in the UK where all refurbished buildings must fall 

into the upper quartile of energy performance for the building type.  

 

Some of the problems in existing buildings are already addressed by the EU directive 

on Energy performance directive (2002/91/EC) which is to be implemented nationally 

no later than 2009. The directive requires minimum energy performance regulation 

(without stating any performance levels) for retrofitting of large buildings, as well as 

mandatory energy certificates of all buildings. An important part of the 

implementation should be the inclusion of good reference values along with 

recommendations for cost-effective improvements. 

 

We also see that the energy price is a very important general driver for energy 

efficiency (See Box 1) meaning that energy and CO2 taxes are important policies. 

However, such policies should be implemented on an economy wide level if possible, 

rather than in separate sector. 
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