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ABSTRACT 
 

 

There is great potential to improve energy efficiency in existing Swedish residential 

buildings. However, the successful implementation of efficiency measures depends on 

economical and technical factors, as well as on the attitudes and perceptions of the 

relevant actors. A better understanding of their attitudes and perceptions may influence 

the design of suitable policy measures that increase the adoption of energy efficiency 

measures. In this context, we conducted mail-in surveys completed by owners of 

detached houses, chairmen of co-operative housing associations (bostadsrättsförening) 

and municipality energy advisers in Sweden. We also interviewed window 

sellers/installers in Jämtland.   

Results show that it was important for the majority of homeowners to reduce their 

household energy use, with most undertaking no-cost measures (e.g., switching off 

lights). However, 70–90% of the responding homeowners had no intention of adopting 

building envelope measures over the next 10 years. The main reason for non-adoption 

was that homeowners were satisfied with the physical condition and thermal performance 

of their existing building envelope components. Homeowners who thought their energy 

cost was high were more likely to adopt an investment measure compared to those who 

thought their energy cost was low. Investment costs and annual energy cost savings were 

the most important factors in adoption of energy efficient building envelope measures. 

Therefore, economic incentives may induce homeowners to adopt energy efficiency 

investment measures. However, a large percentage (64%) of homeowners was unaware 

of the existence of government support for reducing household energy use. Information 

campaigns announcing the availability of economic incentives and the cost advantages of 

energy efficiency measures may be helpful in the adoption decision. 

Homeowners‘ considered interpersonal sources, builders, installers and energy advisers 

as important sources of information for their adoption of energy efficiency measures. 

Though a large percentage of respondents considered energy advisers as an important 

source of information, only 14% of homeowners had contacted an energy adviser in the 

past. Our findings suggest that the energy advice service is important for homeowners, 

but more efforts are needed to increase homeowners‘ awareness of and satisfaction with 

such services. The majority of municipal energy advisers were of the opinion that more 

training in technical aspects of energy issues and increased financial support could 

improve their performance.   

Installers and material suppliers are important actors in homeowners‘ adoption of energy 

efficiency measures. For example, approximately 53% of responding homeowners to a 

survey in Jämtland/Västernorrland stated that the window seller/installer from whom they 

had bought windows had recommended a particular type of window, and 97% had 
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installed the windows that were recommended. The window sellers/installers in Jämtland 

prefer a window that is ―reasonably‖ energy efficient. They believe that windows with a 

U-value of 1.2 W/m
2
K are good and there is no reason to further improve the energy 

efficiency. The majority did not recommend windows with U-value <1.2 W/m
2
K. They 

were concerned about the condensation issues and high prices of such windows. This 

may influence the diffusion of very energy efficient windows in Swedish detached 

houses.  

About 80-95% of chairmen in co-operative housing associations who responded to our 

survey had no intention of adopting building envelope measures over the next 10 years. 

They were satisfied with the existing building envelope components, which may be one 

of the reasons for this lack of intention. As in the case of owners of detached houses, 

economic factors, like annual energy cost savings and investment costs, guide the 

implementation of energy efficiency investment measures in co-operative housing 

associations. However, about 66% of the responding chairmen did not consider financial 

constraint as a barrier to implementing investment intensive energy efficiency measures. 

For 54% of the respondents limited in-house competency to evaluate the benefits of 

energy efficiency measures was the main barrier. 

The majority of owners of detached houses (80%) and chairmen of co-operative housing 

associations (70%) perceived that economic policy instruments, such as investment 

subsidies and tax deductions, would encourage them to implement energy efficiency 

measures. Other policy instruments, especially information instruments, were perceived 

as less effective. Among various information policies, increasing the frequency of meter 

reading received the highest approval with 38% of homeowners, whereas approximately 

41% of housing association chairmen thought that individual metering of heating and hot 

water use could be effective. Approximately 30% of homeowners and housing 

association chairmen thought that energy declaration was effective.  
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SAMMANFATTNING  

Det finns stor potential att förbättra energieffektiviteten i befintliga bostadsbyggnader i 

Sverige. Hur framgångsrikt ett genomförande av energieffektiviseringsåtgärder blir beror 

dock på ekonomiska och tekniska faktorer liksom på vilka attityder och uppfattningar 

som finns hos de relevanta aktörerna. En ökad förståelse för aktörernas attityder och 

uppfattningar kan underlätta utformningen av lämpliga policyåtgärder som ökar 

spridningen av energieffektiviserande åtgärder. Med anledning av detta har vi skickat ut 

skriftliga enkäter till villaägare, ordförande i bostadsrättsföreningar samt till kommunala 

energirådgivare i Sverige. Vi har även intervjuat säljare/installatörer av fönster i 

Jämtland. 

Våra resultat visar att det för majoriteten av villaägare var viktigt att minska 

energianvändningen i hushållet, och att de flesta genomförde kostnadsfria åtgärder (t.ex. 

släcka lampor). Emellertid hade cirka 70-90% av villaägarna i vår studie inte för avsikt 

att genomföra energiinvesteringsåtgärder i byggnadens ytterhölje inom de närmaste 10 

åren. Huvudorsaken var att de var nöjda med nuvarande ytterhöljes allmänna skick och 

värmeisolerande förmåga. Villaägare som ansåg att de hade en hög energikostnad var 

mer benägna att göra en investeringsåtgärd jämfört med de som ansåg att de hade låg 

energikostnad. Investeringskostnader och årlig energikostnadsbesparing var de viktigaste 

faktorerna för att genomföra energiåtgärder i byggnadens ytterhölje. Därför kan 

ekonomiskt stöd förmå villaägare att genomföra investeringsåtgärder. En stor andel (64 

%) av villaägarna kände dock inte till något statligt stöd för minskad energianvändning. 

Informationskampanjer som uppmärksammar tillgängliga ekonomiska stöd samt 

ekonomiska fördelar med energiåtgärder kan underlätta villaägarnas beslut om att 

genomföra sådana åtgärder.  

Villaägarna såg personlig kommunikation samt information från byggfirmor, installatörer 

och energirådgivare som viktiga informationskällor för att genomföra energiåtgärder. 

Även om en stor andel av villaägarna betraktade kommunala energirådgivare som en 

viktig informationskälla, hade endast 14 % av villaägarna kontaktat en energirådgivare. 

Våra resultat tyder på att energirådgivningstjänsten är viktigt för villaägarna, men att fler 

insatser behövs för att öka villaägarnas medvetenhet om och tillfredsställelse med dessa 

tjänster. En majoritet av de kommunala energirådgivarna ansåg att de med mer utbildning 

om tekniska aspekter kring energifrågor och ökat ekonomiskt stöd skulle kunna förbättra 

sitt arbete.  

Installatörer och leverantörer är viktiga aktörer i husägarnas beslut om att genomföra 

energiåtgärder. T.ex. uppgav 53 % av de husägare som svarade på vår enkät i 

Jämtland/Västernorrland att säljaren/installatören, som de köpte fönster från, 

rekommenderade en viss typ av fönster, och 97 % installerade de fönster som 

rekommenderades. Fönsterförsäljare/installatörer i Jämtland föredrar fönster som är 
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‖rimligt‖ energieffektiva. De ansåg att fönster med ett U-värde på 1,2 W/m
2
K var bra och 

att det inte fanns anledning att förbättra energieffektiviteten ytterligare. Majoriteten av 

fönsterförsäljarna/installatörerna rekommenderade inte fönster med U-värde <1,2 

W/m
2
K. De var bekymrade över risken för kondens på fönstrens ytterglas och höga priser 

på sådana fönster. Detta kan påverka spridningen av mycket energieffektiva fönster (U-

värde <1,2 W/m
2
K) i Sveriges småhus.  

Omkring 80-95% av ordförandena i bostadsrättsföreningar som besvarat vår enkät hade 

inte för avsikt att genomföra åtgärd(er) i byggnadens ytterhölje under de kommande 10 

åren. De var nöjda med befintliga komponenter i ytterhöljet, vilket kan vara ett av skälen 

till att inte genomföra åtgärder. Liksom för småhusägare styrs genomförandet av 

energiinvesteringar i bostadsrättsföreningar av ekonomiska faktorer såsom årlig 

energikostnadsbesparing och investeringskostnad. Dock såg 66% av de ordförande som 

besvarat enkäten inte ekonomiska begränsningar som ett hinder för att genomföra 

investeringsintensiva energiåtgärder. 54% av respondenterna såg det främsta hindret som 

begränsad intern kompetens att bedöma fördelarna med energieffektiviserande åtgärder  

Majoriteten av villaägarna (80 %) och bostadsrättsföreningsordförandena (70 %) ansåg 

att ekonomiska styrmedel såsom investeringsbidrag och skatteavdrag uppmuntrade dem 

att vidta energieffektiviserande åtgärder. Andra styrmedel, i synnerhet information om 

styrmedel, uppfattades som mindre effektiva. Vad gäller informationsverktyg fick tätare 

mätaravläsning störst stöd hos 38 % av villaägarna, medan cirka 41 % av 

bostadsrättsföreningsordförandena trodde att individuell mätning av värme- och 

varmvattenanvändning kan vara effektivt. Omkring 30 % av villaägarna och 

bostadsrättsföreningsordförandena såg energideklaration som effektivt. 
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1.  INTRODUCTION 

In Sweden, the residential and service sector‘s final energy use in 2008 was about 141 

TWh, or 36% of the national final energy use (STEM, 2009). There is large potential to 

improve the energy efficiency of the existing building stock, as the majority of structures 

were built during the 1960s and 1970s, before energy efficiency was emphasised in the 

Swedish building codes. The techno-economical potential for decreased energy use 

through the implementation of energy efficiency measures in the total Swedish building 

stock has been estimated as 30 TWh of heat and 15 TWh of electricity (CEC, 2005).  

The energy efficiency measures that are applicable to the residential sector include extra 

insulation, change of windows, reduced air leakage, adjusted ventilation, ventilation heat 

exchangers, etc. Several studies conclude that adoption of energy efficiency measures is 

profitable, especially for houses in cold climates and/or those in need of renovation 

(Norrman and Johansson, 1995; Gustafsson and Karlsson, 1997; Erlandsson et. al. 1997). 

In Sweden, the adoption of energy efficient building envelope measures could reduce 

primary energy use significantly.  

The Swedish government has set a goal of halving the final energy use in the residential 

sector for 1995 by 2050 (Swedish Government, 2006). Since the 1980s, several 

investigations have examined the prerequisites and potential for energy efficiency. Thus 

far, the potential has only partly been exploited, which is mainly due to the large number 

of scattered actors and the lack of a driving force for the actors (Miljövårdsberedningen, 

2004; STEM, 2005).  

The actors involved vary depending on the building stock. The management varies from 

detached houses with owners to complex facilities with professional administrators. For 

detached houses, the homeowners are central actors in the diffusion process, and changes 

must be attractive enough for them to adopt. Apartment buildings are different, often with 

several tenants and a professional administrator. The understanding of technical 

opportunities to improve energy efficiency is important here as well, but the 

administrative organisation needs extra attention, since it has great influence on operation 

and investments (Dieperink et al. 2004).   

Several energy efficiency measures that are applicable to the building sector are also 

economically attractive. However, being a cost–effective measure does not guarantee that 

it will be adopted by potential customers. The successful implementation of changes 

depends both on economical and technical factors, as well as on the attitudes and 

perceptions of the adopters. The house owners/administrators make the adoption 

decision, but they are influenced by various actors, such as sellers, installers, energy 

utilities and energy advisers. The aim of this study is to better understand the decision- 
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making process of homeowners/administrators regarding energy efficiency measures and 

how this process is influenced by external actors.   

The research is divided into five objectives. 

(1) To examine the homeowners’ perceptions and attitudes towards different 

energy efficiency measures for detached houses. Studies exist on homeowners‘ 

perceptions and attitudes towards heating systems. However, studies of 

homeowners‘ perceptions and attitudes towards building envelope energy 

efficiency measures are lacking.        

(2) To study the role of municipal energy advisers and energy utilities in 

influencing homeowners’ decisions to adopt energy efficiency measures. 

Energy advisers are agents of change employed by municipalities to provide 

impartial suggestions/information on energy efficiency aspects to homeowners. 

Homeowners‘ perceptions of the role of energy advisers and energy advisers‘ 

perceptions of their job could provide useful insights as to how to improve the 

service further. 

Due to their knowledge base and customer interaction, utility companies could be 

important actors in promoting energy efficiency in buildings. However, energy 

efficiency may be a low priority for them as they are interested in selling energy. 

Still, many utility companies in Sweden promote energy efficiency by providing 

information to homeowners. Homeowners‘ perceptions of the impact of various 

informative measures from utilities on a national level are rarely investigated.  

(3) To study manufacturers, retailers, installers and building companies’ 

perceptions and attitudes towards energy efficiency. Material and product 

manufacturers, contractors, installers and retailers are all important for what 

techno-economical solutions are available and for how information regarding 

these solutions is communicated to the homeowners. Even though these supply-

side actors are important in studies on energy efficiency, their perception of 

various efficiency measures has not been explored extensively.   

(4) To analyse the effects of policy measures related to energy efficiency. To 

promote energy efficiency and the reduction of CO2 emission, various energy and 

climate change mitigation policies have been introduced in Sweden. Policy 

instruments may evolve based on the assessment of their effectiveness. A survey 

of end-users‘ (homeowners and chairman of co-operative housing associations) 

perceptions of various policy instruments to promote energy efficiency may 

provide insight as to modify them to be more effective.  
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(5) To give an overview of the different drivers that influence energy efficiency 

improvements, depending on the ownership and management situations. 

Multi-storey apartment buildings constitute approximately 55% of the Swedish 

dwelling stock and provide considerable opportunities for energy efficiency 

measures. These apartment buildings operate under different types of 

management. Studies focusing on organisational aspects of the adoption decision 

of energy efficiency measures in Swedish apartment buildings are rare. No such 

studies have ever been undertaken for co-operative housing associations, which 

constitute approximately 30% of the apartments in Sweden. 

In addition to assisting the formulation of suitable policy measures, the results of this 

research will contribute to knowledge on supplier and consumer perceptions that may be 

linked to the potential implementation of energy efficiency measures.  

In Section 2, we discuss a theoretical framework regarding adoption of energy efficiency 

measures by individuals and organisations. In Section 3, we discuss the methodology. In 

Section 4, we present and discuss the results, and in Section 5, we present the conclusion. 

The results and discussion are mainly focused on articles available in the publication list.  
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2. THEORETICAL BACKGROUND 

The diffusion of an innovation can be investigated using the ―systems of innovation‖ (SI) 

approach. An innovation system includes all important economic, social, political, 

organisational, institutional and other factors that influence the development, diffusion, 

and use of innovations (Edquist and Johnson, 1997). Innovation and diffusion depend on 

the interaction between firms/producers, users, and other actors, such as universities, 

industrial associations and governmental bodies. This process is greatly influenced by the 

institutional framework (Jacobsson et al., 2004). 

The existing innovation system is stable because of path dependence and lock-in. The 

advantages initially associated with a type of technology multiply over time due to 

―learning by doing and using‖ (David, 1985; Arthur, 1989). An incremental innovation is 

easier to introduce than radically innovative technologies that require new knowledge, 

actor networks, financial resources, etc. (Geels, 2002). Most market actors also prefer to 

further develop or use an existing technology. Path dependency is a result of actions from 

the supply and demand side actors. Hence, it is crucial to understand how potential 

adopters make decisions to adopt energy efficiency measures and how the supply-side 

influences the decisions of potential adopters.  

 

 

  

 

 

Figure 1: Schematic representation of different stages of decision-making in 

homeowners and organisational adoption of energy efficiency measures(s) (Adapted from 

Hawkins et al., 2007; Mahapatra and Gustavsson, 2008; Rogers, 2003) 
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There are two types of potential adopters in our study of energy efficiency: owners of 

single-family houses and the board of co-operative housing associations (multi-family 

buildings). We analysed the decision-making process (innovation-decision) of 

homeowners and the chairmen of co-operative housing associations by applying Rogers 

(2003) diffusion of innovation theory. The innovation-decision process in an organisation 

(e.g., a housing association) is similar yet more extensive, than the process for 

individuals, with additional organisational characteristics. A schematic representation of 

the overall model is presented in Figure 1. 

2.1 Innovation-decision of owners of detached houses 

In a typical decision-making process, potential adopters pass through many stages. They 

gather knowledge about the innovation (product/process/system), decide to adopt it, and, 

finally, they implement their decision. However, potential adopters do not seek out 

information regarding an innovation unless they have a need for the innovation (Rogers, 

2003; Dieperink et al. 2004). Potential adopters are generally reluctant to adopt 

innovations, due to various types of uncertainties associated with the innovations, for 

example, related to performance, physical or economic lifetime, cost, availability of 

service and support, and, especially, if the innovation involves a change in the routine 

behaviour of the user. Even though the innovation provides the desired degree of 

satisfaction, potential adopters are unlikely to take risks and may prefer to maintain the 

status quo. Therefore, important questions are how satisfied the homeowners are with 

their energy situation and whether they have a need for implementing energy efficient 

measures.  

Consumers search for information from many sources to obtain more knowledge about 

innovations. Suppliers also utilise various communication channels to create a need 

among consumers. The diffusion of an innovative system depends on which sources of 

information are consulted most frequently, the perceived reliability of the sources, and 

what is recommended or promoted by those sources. According to Rogers (2003), the 

impact of mass media is more pronounced at the early stages of diffusion, given that the 

innovators, who try the product first, are more influenced by mass media than any other 

group of adopters. The main forms of mass media relevant for energy efficiency are 

television, newspapers, the Internet and fliers sent to people‘s homes. In the later stages 

of diffusion, information spreads more through interpersonal communication and the 

main sources of information are neighbours, relatives, friends and colleagues. In addition, 

―change agents‖ also provide information and incentives that influence potential adopters 

in the direction desired by the change agency (Rogers, 2003). In Sweden, the Swedish 

Energy Agency (STEM), the local authority energy advisors, the magazine ―Vi i Villa‖, 

energy utilities and the contractors/installers/retailers of energy innovations are change 

agents.  
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Homeowners could adopt several energy efficiency measures simultaneously, but it is 

likely that they will adopt the measures that best fulfil their prioritised need. This may be 

due to homeowners‘ constraints, which include finances, knowledge and convenience. 

The preference for a specific option is usually based on a comparison of various 

alternatives in terms of ease of installation, annual cost savings, investment required, 

aesthetic value, etc. 

2.2 Innovation-decision of owners of multi-storey buildings 

Technology adoption is a complex process in the case of multi-family buildings, given it 

often involves a collective decision. Organisations tend to follow routines and are usually 

slow to react to external changes (Nelson and Winter, 1982). The decision-making 

process to adopt new routines, for example, energy efficiency measures, is influenced by 

each involved individuals‘ perceived need, knowledge and belief. Furthermore, 

organisational aspects, like the size of the organisation, the number of people involved in 

the decision-making process, the perception of various efficiencies, the ability to take 

risks, the availability of financial resources (slack) to adopt innovations, centralisation 

(distribution of power among the members), formalisation, interconnectedness (the level 

of interaction among the members), complexity (the level of education of the members) 

and system openness (the level of interaction with other organisations) influence the 

adoption decision (Rogers, 2003; Madlener and Artho, 2006). Moreover, the goals and 

objectives of the organisation shape the need for innovation. For example, the goals of a 

housing company may be profit-making and/or to provide affordable housing at 

reasonable cost. Environmental concerns and energy issues may not be a top priority for 

the owner in those situations.  
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3. SURVEY METHODOLOGY  

 

 
Surveys constitute an integral part of social science research. There are several survey 

techniques as mail-in questionnaires, personal interviews, telephone interviews, focus 

group discussions for gathering information from a target group, and each technique has 

pros and cons. In our research, we conducted four mail-in questionnaire surveys: (1) a 

national survey of owners of detached houses, (2) a survey of owners of detached houses 

in Jämtland and Västernorrland, (3) a national survey of co-operative housing 

associations, and (4) a survey of all municipal energy advisers in Sweden. Apart from 

these surveys, we conducted personal interviews with window sellers/installers in 

Jämtland. An overview of each survey is summarised in Table 1. 

Table 1: Surveys conducted under the project ―Implementing energy efficiency measures 

in the existing building stock‖ 
Activity Target audience Major research objective Sample 

size 

Response 

rate 

Survey -1 (May-

July 2008) 

National survey of 

owners of detached 

house 

To understand adoption of building 

envelope energy efficiency 

measures by owners of detached 

houses in Sweden. 

3059 36% 

Survey-2 

(November-

December 2009) 

Survey of owners of 

detached houses in 

Jämtland and 

Västernorrland, who 

utilised investment 

subsidies to replace 

their windows with 

energy efficient 

windows 

To understand (1) factors guiding 

homeowners‘ decision to replace 

their windows, (2) homeowners‘ 

perception of the role and influence 

of external actors in their adoption, 

and (3) perception of the role of  

policy instruments in their decision 

to implement energy efficiency 

measures 

1000 59% 

Survey-3 (April – 

May 2009) 

National survey of 

municipal energy 

advisers 

To investigate the impact of 

various factors on ―perceived‖ job 

performance by the energy advisers 

232 66% 

Survey-4 (June-

October 2010) 

National survey of 

chairmen of co-

operative housing 

associations 

To study adoption of energy 

efficiency measures in co-operative 

apartment buildings by considering 

influential organisational factors 

2780 24% 

Interview 

(November 2009-

March 2010) 

Window 

sellers/installers in 

Jämtland 

To understand what type of 

windows sellers/installers 

recommend to homeowners, and 

their perception of energy efficient 

windows. 

12  

 

3.1 Survey of owners of detached houses 

The decision of the homeowners to adopt energy efficiency measures in their house is 

optional. We used the theoretical model regarding the innovation-decision of an 

individual, as described in Section 2.1.  Two mail-in questionnaire surveys were 
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conducted to understand Swedish homeowners‘ perceptions and attitudes towards 

building envelope energy efficiency measures, particularly energy efficient windows. 

 

3.1.1 The national survey 

In Sweden, population density varies significantly from north to south; therefore, the 

stratified random sampling technique is an appropriate sampling method for our task. In 

our survey, the strata consisted of eight Nomenclature of Territorial Units for Statistics 

(NUTS) regions. The questionnaire was sent to a sample of homeowners in each of these 

NUTS regions. 

The questionnaire consisted of six parts. Section A included questions about the existing 

conditions of the building envelope components. Section B included questions regarding 

the respondent‘s awareness and perception of energy efficiency measures. Section C 

included questions about the respondent‘s interaction with external actors, like 

construction companies and energy advisers. In Section D, respondents were asked to 

grade the level of importance of different installation-related factors, such as the 

investment cost, energy cost savings, greenhouse gas emission-reduction potential and 

aesthetics. In Section E, respondents were asked to rank the different energy efficiency 

measures on a 5-point Likert scale for each of the factors mentioned in Section D. Section 

F included questions related to socio-economic variables. 

The total number of questionnaires distributed for this survey was 3,059; following two 

reminders, the response rate was 36%. The survey was conducted through Statistics 

Sweden during May-July 2008. As a large number of homeowners did not respond, we 

tested the presence of non-response bias to generalise our survey results. We compared 

the composition of the group of homeowners sampled with that of those who responded, 

considering homeowners‘ NUTS regions, the age of the houses, and the age and income 

of the respondents. No significant non-response bias was found with respect to these 

variables, except that homeowners that were older than 55 years were more commonly 

represented than other age groups.  

 

3.1.2. The regional survey (Jämtland and Västernorrland) 

During 2006-2008, the government promoted the adoption of windows with U-value ≤ 

1.2 W/m
2
K through the provision of investment subsidies. We conducted a survey of 

approximately 1000 owners of detached houses in Jämtland and Västernorrland, who 

utilised investment subsidies, to examine why these homeowners replaced their windows, 

their reasons for selection of particular windows, and the role of investment subsidies and 
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external actors in influencing their adoption decisions. The addresses of these 

homeowners were collected from Boverket (Swedish National Board of Housing, 

Building and Planning), and the survey was conducted during November – December 

2009. The response rate following one reminder was 59%. 

The questionnaire consisted of three parts. Section A included questions regarding the 

reasons for replacement of windows, the factors influencing respondents‘ choice of 

windows, the influence of external actors and the perception towards energy efficiency 

measures. Section B included questions regarding the influence of policy instruments in 

respondents‘ adoption of energy efficiency measures. Section C included questions 

related to socio-economic variables. The questionnaire was sample-tested with a few 

homeowners in the Jämtland area who had replaced their windows with energy efficient 

windows. A window expert also reviewed the questionnaire. 

 

3.2 Multifamily houses 

Swedish multi-storey apartment buildings constitute 2.44 million dwelling units 

(approximately 55% of the total dwelling stock) and provide considerable opportunities 

for energy efficiency measures. The number of apartments in multi-storey buildings in 

Sweden is around 2.44 million (SCB, 2009). The ownership pattern of such buildings can 

be categorised into municipal, private and tenant-ownership (henceforth to be called co-

operative). Approximately 40% of apartments in multi-storey buildings belong to 

municipal housing companies, whereas the rest are equally shared by both private 

companies and co-operative housing associations. The municipal housing and private 

companies offer their apartments for rent, whereas the co-operative sector resembles a 

condominium sector (Turner, 1997). There are approximately 26,500 housing 

associations in Sweden. In these associations, decisions pertaining to the buildings are 

usually made by an executive board, which is headed by a chairman. The executive board 

members and the chairman are elected by the members of the association and they 

occupy the post for a specific time period. 

To understand the adoption of energy efficiency measures in co-operative apartment 

buildings, we conducted a survey of a sample number of co-operative housing 

associations across Sweden. As the number of such associations varies significantly 

across different regions, we sent the questionnaires to approximately 10% of the 

associations in each of the 21 counties in Sweden to avoid regional bias. In total, 

approximately 3,000 questionnaires were distributed. The addresses of the associations 

were collected from Bolagsverket, which drew the addresses randomly. The 

questionnaires were sent to the chairmen during June-October 2010. Some of the 

associations replied stating their inability to respond to the questionnaire for various 
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reasons, including their association is very small or their apartments were not currently 

occupied. Some questionnaires were returned unanswered due to a change in the 

recipients‘ addresses. In total, we received approximately 675 completed questionnaires, 

which corresponded to a response rate of 24%.  

The questionnaire consisted of eight parts. Section A included questions regarding 

buildings and the existing conditions of the building envelope components. Section B 

included questions regarding investments and plans for future investments in energy 

efficiency measures. Section C included questions regarding the respondent‘s perception 

of energy efficiency investment measures. In Section D, respondents were asked to grade 

the level of importance regarding different attributes of the energy efficiency measures, 

such as investment cost, energy cost savings, GHG emission-reduction potential and 

aesthetics. In Section E, respondents were asked about the role of policy instruments in 

their adoption of energy efficiency measures. Section F included questions regarding the 

role of various other factors in the implementation of energy efficiency measures. Section 

G included questions regarding the organisational decision making process and Section H 

included background information, like age, education and gender of respondents. 

 

3.3 Survey of municipal energy advisers 

A survey of Swedish municipal energy advisers was conducted to understand their 

perception of their job and their views on how to improve the energy advice service 

further. A draft of the questionnaire was sent to two practicing energy advisers and one 

ex-municipal energy adviser. Their feedback was incorporated in the final questionnaire. 

The addresses of the municipality energy advisers, who were employed in all of the 

municipalities, were retrieved from the Swedish Energy Agency‘s website. Some energy 

advisers were employed in more than one municipality. We avoided sending multiple 

questionnaires to the same adviser. In April 2009, questionnaires were sent to 246 energy 

advisers, out of which 14 had resigned or were on a long leave of absence. A reminder 

was sent after three weeks, and approximately 66% of the energy advisers responded to 

the survey. 

The questionnaire consisted of three parts: Section A covered questions on general 

information about the energy advisers, e.g., name of the municipality they were employed 

by, type of employment (full time, part time; in the municipality and/or elsewhere), age, 

income and education. In section B, the questions were related to the number of 

homeowners who contact the energy advisers daily, what information the homeowners 

want (heating system, windows, insulation, ventilation system, white goods, hot water 

system, subsidies) and their mode of communication (telephone, email, personal visit). 

This section also included questions regarding how the energy advisers regularly update 
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their knowledge, their perception of homeowners‘ awareness of energy advice service 

and how to improve that level of awareness. Section C included statements regarding the 

energy advisers‘ perceived abilities to fulfil the consulting homeowners‘ expectations, 

their perceptions of working conditions and what measures could improve their services. 

All statements in this section could be responded in a 5-point Likert scale (1=fully 

disagree, 5=fully agree). 

 

3.4 Interview of window sellers/installers 

The target group for this study included companies that sell and/or install windows in the 

Jämtland county of central Sweden. Using the Yellow Pages, all of the 29 listed window 

sellers/installers/repairers were contacted for a semi-structured interview. However, some 

did not participate in the interviews, as their company was recently established, closed 

down, had merged with other companies, or they did not have time for or interest in our 

study. The 12 participating interviewees were asked open-ended questions concerning (i) 

why homeowners decide to change their windows, (ii) what the major 

demands/requirements are for homeowners when they plan to make a replacement, (iii) 

homeowners‘ attitudes towards energy efficient windows, (iv) window sellers/installers 

perceptions of their influence on homeowners‘ choice of windows, (v) what the important 

attributes of windows are for sellers/installers and the type of window they recommend, 

(vi) perceptions of lower U-value windows and energy labelling, and (vii) how to 

promote energy efficient windows. 

Six of the interviews were conducted at the window seller‘s/installer‘s premise and six 

were conducted over the phone. Both the telephone interview and the in-person interview 

have advantages and disadvantages. However, according to Rogers (1976), the quality of 

information obtained by telephone interview and in-person interview are comparable. 

The interview time varied from about 30 minutes to one hour. In general, the duration of 

the telephone interview was shorter than the in-person interview. All interviews were 

recorded and transcribed. The interviewed personnel were highly experienced in the 

window business, with nine individuals reporting more than 25 years of experience each, 

and two reporting more than 10 years of experience each. Ten of the interviewees were 

owners or partners of their firm and two were sales personnel in their organisation. 
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4. RESULTS AND DISCUSSION  

In this section, we present and discuss the results for the five research objectives 

mentioned in section 1 (page 2). 

 

4.1 Homeowners’ perceptions and attitudes towards different energy efficiency 

measures in detached houses 

 

4.1.1 National Survey  

This section is adopted mainly from articles 1 and 2 in the list of publications.  

 

Results 

For the majority of Swedish homeowners, it was important to reduce their household 

energy use, and most of the homeowners undertook no-cost measures (e.g. switching off 

the lights), as opposed to investment-oriented measures, such as retrofitting building 

envelope components(s). Homeowners who thought their energy cost was high were 

more likely to adopt an investment measure compared to those who thought their energy 

cost was low. Personal attributes, such as income, education and age, as well as 

contextual factors, including age of the house, thermal discomfort, and past investments, 

influenced homeowners‘ preferences for a particular type of energy efficiency measure 

(Table 2 and Table 3). 

Table 2: Percentage of respondents in different age, income and education categories, 

who planned to adopt building envelope energy efficiency measures during the next 10 

years (i.e. till 2018)  

Respondent category Percentage of respondents who planned to replace 

windows or improve insulation during the next 10 years 
 Window Attic insulation External wall insulation 

Age    

< 36 years 43 (N = 58) 31 (N = 51) 12 (N = 50) 

36-45 years 32 (N = 168) 23 (N = 163) 13 (N = 159) 

46 -55 years 27 (N = 209) 22 (N = 194)  8  (N = 193) 

56-65  years 31 (N = 290) 20 (N = 271) 12 (N = 279) 

> 65 years 23 (N = 235) 13 (N = 214)   3 (N = 210) 

Annual income (1000 SEK)    

< 150 SEK  20 (N =  41) 13 (N = 38)   5 (N = 37) 

150 – 300 SEK  29 (N = 178) 21 (N =160) 10 (N = 164) 

300 – 450 SEK  31 (N = 236) 21 (N = 224) 11 (N =218) 

450 – 600 SEK  30 (N = 252) 20 (N = 230)   9 (N =233) 

> 600 SEK  30 (N = 229) 20 (N = 220)   9 (N =217) 
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Education    

Primary  25 (N = 268) 16 (N = 248)  8 (N = 255) 

Upper secondary  32 (N = 329) 20 (N = 312) 11 (N = 307) 

University 29 (N = 360) 23 (N = 331)  9 (N = 326) 

N = Number of respondents in each category 

Table 3: Attribute-wise percentage of respondents planning to replace their windows or 

improve insulation during the next 10 years  

Attributes  Respondent category Percentage of respondents who plan to replace 

windows or improve insulation during the next 

10 years
1
 

  Window Attic insulation External wall 

insulation 

 

Physical condition 

Bad 83 (N =   63) 68 (N =  48) 36 (N =  14) 

Average  53 (N = 118) 37 (N =  55) 17 (N =  27) 

Good 14 (N =   94)  11 (N =  63)  5  (N =  28) 

 

Thermal 

performance 

 

Dissatisfied 62 (N =   68)  59 (N =  42) 42 (N =  23) 

Neither dissatisfied nor satisfied 52 (N = 109)  37 (N =  61) 14 (N =  22) 

Satisfied 15 (N =   93)  10 (N =  59)  5 (N  =  31) 

 

Aesthetics
2
 

Dissatisfied 71 (N =   62)  NA 41 (N =  13) 

Neither dissatisfied nor satisfied 54 (N =   86)  NA 19 (N =  24) 

Satisfied 18 (N = 126) NA   6 (N =  42) 

Cold air ingress Yes 51 (N =   85) 37 (N =  52) 22 (N =  29) 

No 24 (N = 189) 16 (N = 120)  7 (N  =  51) 

Other Factors  

Age of building 

component 

< 10 years 18 (N =   45) 14 (N =  23) 11 (N = 12) 

10 -20 years 21 (N =   31) 20 (N =  29)  8 (N  = 10) 

20 – 35 years 39 (N =   81) 19 (N =  38) 10 (N =  20) 

> 35 years 49 (N =   70) 32 (N =  35) 11 (N =  16) 

Plan for changing 

external wall 

Yes 74 (N =   51)  60 (N =  36) 82 (N =  53) 

No 24 (N = 210) 16 (N = 125)  3 (N  =  22) 

N = Number of respondents in each category 

Our survey results show that 70–90% of the responding homeowners had no intention of 

adopting building envelope measure(s) over the next 10 years. The main reasons for non-

adoption were that homeowners were satisfied with the physical condition, thermal 

performance and aesthetics of their existing building envelope components. Respondents 

assigned high priority to economic factors when deciding on an energy efficient measure. 

Interpersonal sources, construction companies, installers and energy advisers were 

important sources of information for homeowners as they planned to adopt building 

envelope energy efficiency measures. 

Discussion 

Respondents who thought their energy cost was high were more likely to adopt an 

investment measure compared to those who thought their energy cost was low. An 
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increase in energy price may encourage homeowners to actively search for measures to 

reduce energy use. Nässén et al. (2008) showed that specific energy use for heating in 

existing Swedish buildings decreased when there was an increase in energy prices. 

However, the low price elasticity of energy demand may reduce the effectiveness of 

reducing energy use by increased energy prices (Ürge-Vorsatz et al., 2007). Hence, the 

effects of increased energy prices on the rate of adoption of energy efficiency measures in 

the Swedish context should be studied further. 

The age of the building was found to influence homeowners‘ choices of energy efficiency 

measures. Owners of old buildings, especially if the buildings were more than 35 years of 

age, were more likely to undertake a major renovation, such as replacing the external wall 

or changing the basement, during the next 3 years than homeowners of newer houses. 

These homeowners of older homes may be encouraged to adopt energy efficiency 

measures in connection with renovation. They could be informed of energy efficiency 

improvement possibilities and the cost-effectiveness of such measures. This is because 

economic factors were found to be important in the adoption of energy efficiency 

investment measures (Nair et al., 2010a; Mahapatra and Gustavsson, 2008; Nilsson, 

2004; Vinterbäck, 2000), and the adoption of energy efficiency measures is often cost-

effective during renovation (Janson, 2008). 

Economic and information policy instruments may be more useful than regulatory 

instruments in influencing owners of existing houses to adopt building envelope 

measures. This is due to regulatory instruments being limited in influencing the energy 

efficiency of existing houses, as regulatory regimes are not retrospective (Bell, 2004). 

However, the new Swedish regulation, which mandates an energy declaration for new 

detached houses and existing houses to be sold, could also help in the diffusion of energy 

efficiency investment measures. The energy declaration, which is issued by a certified 

energy auditor, may include suggestions as to how to improve the energy efficiency of 

the buildings. Such suggestions may encourage homeowners to adopt the recommended 

measures. Homeowners are likely to interact with energy experts during the energy 

certification process, thereby improving their awareness of energy efficiency measures.  

Homeowners who only undertook non-investment measures were less aware of various 

building envelope energy efficiency measures compared to those who adopted such 

measures. Homeowners who only undertook non-investment measures may ignore 

information about energy efficient building envelope measures, as such information may 

be inconsistent with their existing needs, attitudes and beliefs. Such a tendency is referred 

to as selective exposure (Rogers, 2003). To reach these homeowners, opinion leaders in 

the community who have adopted energy efficiency investment measure(s) may be 

helpful. These leaders may be encouraged to spread information about the benefits of the 

adopted measures, for example, by inviting them to present their experiences in local 

workshops/exhibitions organised by the municipalities. Such local workshops/exhibitions 
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may facilitate interpersonal communication, which is the source that most homeowners 

rely upon when planning to adopt energy efficiency measures (Nair et al., 2010a). This 

strategy would increase the ―observability‖ of the benefits of energy efficiency measures 

(Rogers, 2003). 

External actors, like construction companies, material suppliers, installers and energy 

advisers, can create awareness and promote problem recognition. Respondents perceive 

these actors as important sources of information regarding building envelope energy 

efficiency measures. The strategy of using home-delivered leaflets to inform the 

homeowners about energy efficiency measures could be useful for awareness creation, 

but such a strategy might be less successful in motivating homeowners to make adoption 

decisions, since respondents gave low priority to this source of information. Personal 

contact with the homeowners from the external actors could be effective given that 

homeowners rated interpersonal communication as the highest priority when deciding to 

adopt energy efficiency building envelope measures. 

Our conclusions are based on a mail-in survey, which has limitations. For example, only 

36% of the randomly selected homeowners responded; therefore, there could be a non-

response bias regarding variables that we have not investigated. Furthermore, if 

respondents were not clear about the questions (akin to all surveys), it was not possible to 

clarify what might have influenced their responses.  

 

4.1.2 Regional Survey (refer section 3.1.2) 

This section is based on article 5 in the publication list.  

Windows were replaced mainly to reduce annual energy costs or because they were old 

and in bad condition (Table 4). Of the respondent, 87% reported annual energy cost 

reduction as the most important reason for their decision to replace windows. 84% of 

respondents‘ reported that their window replacement decision was due to the old age and 

poor physical condition of the windows. 98% of respondents had replaced windows that 

were more than 20-years-old, whereas 75% replaced windows that were more than 30-

years-old. According to window sellers/installers in Jämtland county, homeowners‘ 

decision to install new windows was mainly driven by the poor condition of the old 

windows (Nair et al., 2010b). Hence, homeowners‘ window replacement decisions were 

mainly linked to the age and condition of the windows, as well as to the intention to 

reduce annual energy cost. Durability and energy efficiency aspects were the two most 

important factors in homeowners‘ choice of new windows. The condensation issue was 

important for 54% of the respondents.  
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Table 4:   Reasons for replacement of old windows 

Reasons for window replacement 
N % of respondents 

Mean
1
 

Agree Neither nor Disagree 

To reduce annual energy cost                               529 87 11   2 4.45 (0.035) 

Windows were old and in bad condition                                               509 84 10   6 4.39 (0.043) 

Cold air ingress                                                     516 67 17 16 3.87 (0.054) 

Difficult to clean                                                   515 64 14 22 3.84 (0.116) 

To improve the market value of the house                 494 53 28 19 3.52 (0.057) 

Poor sound insulation                                            502 52 19 29 3.42 (0.063) 

Costly to maintain                                                 481 38 25 37 3.12 (0.074) 

To reduce CO2 reduction                               475 30 26 44 2.79 (0.065) 

To make the house more aesthetically 

appealing       

487 31 19 50 2.63 (0.066) 

Part of home renovation                                       474 33 12 55 2.62 (0.075) 

To improve the inlet of sunlight                            484 21 20 59 2.30 (0.063) 

N – Number of respondents. 
1
 Mean values are based on homeowners‘ responses on a Likert scale of 1 to 5 (1 = strongly disagree, 5 = 

strongly agree). A factor with a higher mean value is of greater importance. Values in parentheses are 

standard errors. 

 

The majority of homeowners contacted more than one external actor for information 

when they were planning on replacing their windows. For most respondents, window 

sellers/installers (including glass working companies) were the most influential actors in 

the adoption decision. They were most frequently consulted , whereas energy advisers 

and energy companies were contacted by the lowest number of homeowners. About 53% 

of respondents stated that the window seller/installer from whom they bought windows 

recommended a particular type of window, and 97% of these respondents had installed 

the windows that were recommended. Hence, to promote energy efficient windows, it is 

important to know the concerns and perceptions of window sellers/installers towards such 

windows. 

The condensation of water on the external surface of energy efficient windows decreases 

visibility. This condensation is disturbing and unacceptable to some people. Many 

window manufactures were also apprehensive about the condensation issues in low U-

value windows (Bülow-Hübe, 2001). Approximately 28% of respondents in our regional 

survey reported having condensation problems, and approximately 4% of the total 

respondents thought the problems were severe. However, in the post-purchase evaluation, 

95% of homeowners who experienced condensation problems were satisfied with their 

windows and 83% would recommend such windows to others. 
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4.2 The role of municipal energy advisers and energy utilities in influencing 

homeowners’ decisions to adopt energy efficiency measures 

 

4.2.1 Homeowners’ perception of energy advisers (refer section 3.1.1) 

This section is adopted mainly from article 3 in the list of publications. 

The survey of owners of detached houses showed that the majority of homeowners 

consider energy advisers as an important source of information when they were planning 

to adopt an energy efficient measure. However, only 14% of total respondents to the 

national survey of homeowners had contacted energy advisers. About 50% of 

respondents were unaware of the existence of the energy advice service in their area. 

Advertisements in mass media, such as television channels, newspapers and the internet, 

could improve homeowners‘ awareness of the energy advice service. Tailor-made 

messages targeted to homeowners of different demographic characteristics would be 

useful. Other options could be energy advisers giving presentations about their activities 

to employees in various organisations and to the public. 

It is difficult to measure the impact of the energy advice service with regard to adoption 

of energy measures. There are monitoring challenges, as advice is provided to thousands 

of homeowners across Sweden. Furthermore, it is difficult to distinguish the influence of 

an information policy instrument from other instruments, like subsidies (Khan, 2006). 

Nevertheless, extrapolating our survey findings, approximately 8% of homeowners in 

Sweden have implemented the suggestions of energy advisers. 

Approximately 53% of respondents thought that the suggestions of the energy advisers 

were of good quality. The rest were less satisfied with the suggestions, which may be the 

reason why 43% of respondents did not implement such suggestions. Steps should be 

taken to improve the knowledge and communication skills of energy advisers to provide 

better service to the homeowners. A standard requirement for the recruitment of energy 

advisers should be established. 

 

4.2.2  Energy advisers’ perceptions of their job (refer section 3.3)  

The section is adopted mainly from the article 4 in the list of publications. 

We conducted a national survey of Swedish municipality energy advisers to gain insights 

into various factors that may influence their job performance and how their job 

performance could be improved. The energy advisers self-evaluated their job 

performance and working conditions, and also suggested measures to improve their 
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service. Results showed that 43% of energy advisers thought that less than 50% of the 

homeowners were aware of their service. Approximately 74% of the respondents agreed 

that increased mass media advertisement would increase homeowners‘ awareness of the 

energy advice service.  

Approximately 75% of energy advisers reported that they had good, up-to-date 

knowledge to fulfil their job. However, the same proportion of respondents, especially 

those with natural science backgrounds, also agreed that they needed more education and 

training on technical aspects of energy measures to improve their service (Table 5). 

Perhaps energy advisers have sufficient knowledge on energy issues in general, yet they 

may need more knowledge on specific issues to increase their confidence to suggest 

specific solutions. STEM (2008b) also reported that energy advisers like to have more 

information from the Swedish Energy Agency on specific topics.   

 

Table 5: Percentage of energy advisers who agreed to various measures that would 

improve their service 

Measures to improve energy advisers’ performance % of respondents who agreed
1
 

More education and training on technical aspects (N=150) 75 

More economic support (N=152) 70 

Standardised selection process of energy advisers (N=148) 63 

More training in communication (N=152) 57 

Contacting homeowners as follow up (N=150) 53 

More house visit (N=149) 50 

Feedback from homeowners (N=149) 48 

Performance based incentive (N=150) 38 
1 
Respondents suggested more than one measure. Hence, the sum of percentages may exceed 100%.  

N = Number of respondents
 

 

About 90% of energy advisers agreed that face-to-face interaction is effective when 

providing advice, yet the service is currently offered mainly over the telephone. 

Approximately 50% of responding energy advisers agreed that their performance would 

improve if they made home visits (Table 5), which might help them suggest specific 

solutions. Palm (2010) also reported that homeowners prefer energy advisers‘ 

suggestions based on a home visit. However, 45% of respondents had never made a home 

visit.   

Energy advisers who received sufficient financial resources to perform their duties were 

more likely to believe that they fulfilled homeowners‘ expectations compared to those 

who did not receive sufficient financial support. However, approximately 46% of 

respondents felt they needed more financial support, and increased financial support was 
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the second most suggested measure to improve energy advice service. Better financial 

resources would help energy advisers participate in skill enhancement programs, improve 

networking and interaction with other actors and promote their service. If financial 

constraint is responsible for part-time employment of advisers in the majority of the 

municipalities, then increased financial support may lead to employment of more full-

time energy advisors. More than 60% of the respondents suggested that there should be a 

standardised selection process when recruiting energy advisers. 

4.2.3 Energy utilities 

This section is based on the national survey of homeowners (refer 3.1.1). 

Energy utilities know their customers energy use and may disseminate information on 

energy efficiency measures. However, energy efficiency may be a low priority for energy 

utilities as they are interested in selling energy. 

In the national survey of owners of detached houses, we asked questions regarding 

homeowners‘ perceptions of the energy utility‘s role in facilitating adoption of energy 

efficiency measures. Compared to other external actors, fewer homeowners considered 

energy utilities as an important source of information. Only approximately 18% of 

respondents had ever contacted a utility concerning energy issues; 65% of those 

respondents had contacted a utility company about energy prices and the rest had 

contacted the utility company to learn about energy efficiency measures.  

Approximately 48% of homeowners who contacted energy utilities on energy issues 

thought that the suggestions they received were of good quality, and 59% of the 

respondents implemented the suggestions. Reasons for not implementing the suggestions 

included that the suggestions were not specific (18%), they had already been 

implemented (32%), or they were expensive (35%). Approximately 24% respondents 

reported that energy utilities had contacted them proactively to provide information on 

energy efficiency measures. Respondents reported that they were provided information 

through brochures (54%), information in bills (30%), and through service personnel 

(18%).  

 

4.3 Manufacturers, retailers, installers and building companies’ perceptions and 

attitudes towards energy efficiency  

 

4.3.1 Survey of window sellers/installers 

This section is based on publication 10 in the publication list. 
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The supply-side actors may significantly influence the homeowners‘ choice of a specific 

type of window. From our earlier national survey, we found that Swedish homeowners 

consider window sellers/installers as important actors in their adoption of building 

envelope energy efficiency measures.  

We interviewed 12 window sellers/installers in Jämtland. They reported having a strong 

influence on customer‘s choices, and they thought customers had a positive attitude 

regarding buying energy efficient windows. The U-value of windows they would 

recommend to their customers is in the range of 1.1 to 1.8 W/m
2
K (Table 6).  

Table 6:  U-value window sellers/installers prefer/recommend 

 
 U- value (W/m

2
K) Number of interviewees that would recommend 

1.1 -1.2   2 

1.2 6 

1.3  2 

1.5  1 

< 1.8  1 

 

The majority of window sellers/installers mentioned that windows with a U-value of 1.2 

W/m
2
K were good and that they preferred to sell such ―reasonably‖ energy efficient 

windows. They avoided recommending and promoting windows with a U-value of <1.2 

W/m
2
K. The major drawbacks were with the condensation problems and the price of 

such windows. This perceptions of window sellers/installers may be the major reason that 

homeowners avoid windows with a U-value of <1.2 W/m
2
K. Only 20% of homeowners 

in our regional survey selected such windows. According to the majority of 

sellers/installers, the tax subsidy on labour costs for home renovation (ROT deduction) 

was effective in promoting the installation of energy efficient windows.  

 

4.4   Homeowners and chairman of co-operative housing associations perception of 

energy efficiency policy measures 

This section is based on a regional survey (refer 3.1.2) and the national survey of co-

operative housing associations (refer 3.2). 

4.4.1 Homeowners’ perception of policy instruments 

We asked homeowners in Jämtland and Västernorrland who utilised investment subsidies 

to replace their windows about their perception of various Swedish policy instruments 

aimed to promote energy efficiency. All statements could be answered using a 5-point 

Likert scale (1= not at all effective, 5=highly effective). Results presented in Table 7 
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shows that for approximately 80% of homeowners, the investment subsidies and tax 

reductions were the most effective factors in encouraging them to implement energy 

efficiency measures. The majority of respondents considered other policy instruments, 

especially information as less effective. As the survey was limited to homeowners of only 

two counties who had recently utilised investment subsidies, the generalisation of these 

results should be done with caution. The reasons for the limited influence of information 

policy measures may include that homeowners are less interested in learning about 

energy efficiency measures or that they are unable to interpret and use the existing 

information, which may be complex, inadequate, or not specific. These issues should be 

considered to design better information policy instruments.  

Table 7: Homeowners‘ responses to the question, ―Irrespective of how much you know 

about the following measures – How effective do you think the following measures are to 

encourage you to implement measures to reduce energy use in your house‖ 

 

% of respondents    

Effective 
Moderately 

effective 

Less 

effective 
Mean

1
 

Std. error 

of Mean 

Investment subsidy (N=511) 82 13 5 4.27 .043 

Tax reduction (e.g. subsidy for repair and 

maintenance, ROT) (N=522) 
81 12 7 4.25 .045 

Energy label (N=475) 34 38 28 3.06 .054 

Energy tax (N=496) 35 33 32 3.03 .057 

Frequent meter reading (N=490) 38 26 36 2.96 .061 

Information from other organisations (e.g., 

Konsumentverket) (N=483) 
30 34 36 2.91 .054 

Information from municipal energy advisers 

(N=494) 
29 32 39 2.83 .055 

Energy declaration (N=481) 28 35 37 2.81 .055 

Information from the Swedish Energy 

Agency (N=491) 
27 34 39 2.81 .053 

Frequent billing (N=484) 29 28 43 2.75 .059 

Building regulations (N=475) 21 42 37 2.70 .052 

Carbon dioxide tax (N=482) 23 35 42 2.68 .055 

Information from energy companies (N=489) 23 32 45 2.63 .053 

Electricity certificate (N=474) 19 36 45 2.57 .053 

N = Number of respondents
 

1
 Mean values are based on homeowners‘ ratings using an ordinal scale of 1 = not at all effective, 5 = 

highly effective  
 

The national survey of owners of detached houses showed that approximately 64% of 

respondents were unaware of any government support for them to implement measures to 
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reduce household energy use. Homeowners who contacted municipal energy advisers 

were more aware of government support, but only a few homeowners had ever contacted 

such change agents (Mahapatra et al., 2010). Improving the effectiveness of energy 

advisers (refer section 4.2.2), and promoting effective information campaigns may 

increase awareness among homeowners about government support with regard to energy 

efficiency measures, thereby, facilitating adoption decisions.   

4.4.2 Perception of policy instruments by chairmen of multi-storey apartment 

buildings 

Major building management-decisions in co-operative housing associations are made by 

an executive board, which is headed by a chairman. The chairmen are in a good position 

to share information about the implementation of energy efficiency measures in their 

association‘s buildings. Hence, we sent the questionnaire to chairmen of co-operative 

housing associations. The surveys of chairmen showed that the majority considered 

economic policy instruments, like investment subsidies and tax deductions, as the most 

effective method to improve energy efficiency.  

Table 8: Chairmen‘s responses to the question, ―Irrespective of how much you know 

about the following measures – How effective do you think the following measures are to 

encourage you to implement measures to reduce energy use in your apartment buildings‖ 

 % of respondents 

Effective 
Moderately 

effective 

Less 

effective 
Mean

1
 

Std. error 

of Mean 

Investment subsidy (N=568) 73 18   9 4.0 0.046 

Tax reduction (N=563) 64 20 16 3.71 0.054 

Individual metering of tap water (N=555) 41 27 32 3.14 0.058 

Individual metering of space heating (N=555) 41 27 32 3.13 0.056 

Building code (N=546) 34 38 28 3.07 0.051 

Energy tax (N=574) 39 32 29 3.05 0.054 

Energy declaration (N=564) 29 31 40 2.79 0.053 

Energy labelling (N=531) 22 41 37 2.77 0.049 

Carbon dioxide tax (N=561) 27 33 40 2.73 0.054 

More frequent reading of energy (N=550) 28 29 43 2.71 0.055 

El certificate (N= 551) 20 38 42 2.68 0.049 

Voluntary program  (N=528) 14 40 46 2.53 0.047 

More frequent billing of energy (N=549) 22 26 52 2.50 0.056 

N = Number of respondents
 

1
 Mean values are based on homeowners‘ ratings using an ordinal scale of 1 = not at all effective, 5 = 

highly effective  
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4.5 Drivers for implementation of energy efficiency measures depending on 

ownership and management situations 

This section is based on the national survey of co-operative housing associations (refer to 

3.2) 

Co-operative apartments constitute a large percentage of the total multi-storey apartment 

buildings in Sweden. To achieve the national energy use reduction target, these buildings 

have to undertake energy efficiency measures. During June-September 2010, we 

conducted a survey of chairmen of co-operative housing associations across Sweden to 

understand their perceptions and attitudes towards energy efficiency, as well as their 

adoption decision processes.  

Approximately 50% of respondents reported that their apartments were heated by district 

heating, whereas others reported electrical heating (14%) or a combination with a heat 

pump (19%), respectively. The annual heating cost was considered high by 

approximately 15% of respondents. However, approximately 55% of respondents 

considered it important to reduce heat use. Approximately 55% of respondents felt that 

they have implemented sufficient measures to improve energy efficiency in their 

apartment buildings.  

Approximately 79%, 84% and 94% of respondents had no intention of changing the 

majority of their windows or of improving their attic or wall insulations, respectively, 

over the next 10 years. One of the reasons for this choice is that the majority of the 

respondents were satisfied with the conditions of the existing components.   

Respondents‘ views of issues that may influence implementation of investment intensive 

energy efficiency measures are presented in Table 9. For 54% of respondents, the lack of 

expertise of the executive board to assess the benefits of energy efficiency measures was 

a major barrier to making energy efficiency investments. Approximately 35-40% of 

respondents thought the lack of appropriate and easily available information was a 

barrier, whereas economic constraints were reported as a barrier by 34% of respondents. 

Approximately 77% of respondents considered the financial position of their association 

as good and 61% thought it would be easy to finance renovation of their buildings (not 

shown in the table).  
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Table 9: Chairmen‘s level of agreement to issues that influence implementation of 

regarding investment intensive energy efficiency measures in apartment buildings 

 % of respondents 

Agree Neither nor Disagree 

The board does not have the expertise to assess the benefits of 

energy efficiency measures (N=629) 

54 22 24 

Uncertainty about future energy prices makes it difficult to invest 

in energy efficiency measures (N=608) 

40 31 29 

It is difficult to obtain reliable information about the costs and 

benefits of energy efficiency measures (N=611) 

37 33 30 

The time and effort required to collect necessary information is too 

high (N=612) 

35 31 34 

Economic constraints make it difficult to invest in energy 

efficiency measures (N=611) 

34 29 37 

Changing behaviour, like switching off lights, is more beneficial 

than investments in energy efficiency measures (N=606) 

22 40 38 

Investments in energy efficiency measures are lower priority 

compared to other measures (N=622) 

21 38 41 

Members of the association do not support investments in energy 

efficiency measures (N=609) 

  8 34 58 

The association has a complex chain of decision-making processes, 

which makes it difficult to invest in energy efficiency measures 

(N=617) 

  7 15 78 

N = Number of respondents
 

 

Potential adopters typically compare various energy efficiency measures on a number of 

factors. The factors that are given high priority guide the decisions. A comparison of the 

respondents‘ preferences for the factors is presented in Table 10, with the factors ranked 

in descending order of mean value. The results show that the annual energy cost savings 

and investment costs were the most important factors influencing co-operative housing 

association‘s decisions to implement energy efficiency investment measures. 

Environmental factors were given lower priority. 

Table 10: Factors that influence respondents‘ decisions to implement energy efficiency 

investment measures   

 % of respondents 

Important Neither nor Not important 

Reduce annual energy cost (N=598) 88 10   2 

Investment cost (N=594) 88   9    3 

Functional reliability (N= 532) 70 25   5 

Improve indoor environment (N=541) 60 35   5 
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Payback period (N=547) 59 30 11 

Environmental benefits (N=523) 42 45 13 

Increase market value of the property (N=525) 43 34 23 

Technical limitation of the buildings (N=510) 37 41 22 

Small or negligible problem for homeowners during 

installation  (N=523) 

33 43 24 

Reduce greenhouse gas emission (N=514) 32 47 21 
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5. DISCUSSION AND CONCLUSION 

The implementation of energy efficiency measures in the building sector may improve 

fuel supply security, reduce fossil fuel dependency and mitigate climate change. In 

detached houses, homeowners‘ are the most important actor in the diffusion process. In 

multi-storey apartment buildings, the decision-making process is complex because it often 

involves a collective decision motivated by a situation specific to the organisation and the 

organisational culture. An adopter-centric approach was used to analyse the diffusion of 

energy efficiency measures in detached houses and multi-storey buildings. Homeowners, 

or the decision-makers in the case of multi-storey apartment buildings, may be influenced 

by external factors like government policies, and the activities of others, such as energy 

advisers, installers, and sellers. 

For the majority of responding Swedish homeowners and chairmen of co-operative 

housing associations, it was important to reduce energy in their buildings. But, 

approximately 70–90% of the respondents had no intention to implement building 

envelope measures over the next 10 years. One of the main reasons for non-adoption was 

that they were satisfied with the conditions of their existing building envelope 

components. Investment costs and annual cost savings were the most important factors in 

the adoption of energy efficient building envelope component(s). The majority of 

homeowners and the chairmen believed that, compared to other policy instruments, 

economic instruments like investment subsidies and tax reductions were more effective in 

encouraging them to implement energy efficiency measures. Hence, economic incentives 

and proper information about the cost implications may induce homeowners to adopt 

investment measures.  

Homeowners consider interpersonal communication and information from builders and 

installers as important for their adoption of energy efficiency measures. A large number 

of homeowners considered municipal energy advisers as an important source of 

information. However, only 14% of homeowners consulted energy advisers to reduce 

energy use in their houses. Approximately 50% of homeowners, who consulted energy 

advisers, were unsatisfied with the suggestions received. About half of the energy 

advisers also believed that they could not meet homeowners‘ expectations. The majority 

of energy advisers suggested that more education and training on technical aspects of the 

energy measures and increased financial support would improve their performance.  

A large percentage of homeowners considered installers/sellers as important actors in 

their adoption decision. Hence, installers/sellers attitudes and perceptions influence the 

diffusion of energy efficiency measures. For example, the majority of window 

sellers/installers that we interviewed preferred a window that was ―reasonably‖ energy 

efficient, with U-value of 1.2 W/m
2
K. They did not recommend more energy efficient 

windows, as they perceived such windows as expensive and of having greater 
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condensation problems. The diffusion of energy efficient windows especially those of U-

value <1.2 W/m
2
K will depend on addressing the concerns of window sellers/installers 

towards such windows. 

Homeowners are primarily concerned with investment costs and annual cost savings with 

regard to energy efficiency measures. However, the economic benefits of the adoption of 

such measures may not be visible to many homeowners. Moreover, homeowners may 

implement energy efficiency measures in a piecemeal approach, wherein they adopt 1-2 

measures that best fulfil their prioritised need. However, a complete renovation may be 

more economical in the long run while also providing a better indoor environment and 

other social and environmental benefits. Homeowners‘ decisions were constrained by 

many factors, which included finances, knowledge and convenience. On the other hand, 

the renovation market is dominated by a craftsman-based approach with individual 

solutions.  

To overcome this situation, one possibility is to have a business concept that includes full 

service energy efficient renovation packages, consisting of consulting, contract work, 

follow-up and financing. A few such models, like energy performance contracting, exist 

for commercial buildings. However, such working models are not very common in the 

Swedish residential sector, especially for detached houses. This may be due to the 

potential service providers‘ perception that the residential sector is a high risk, diffuse 

and difficult to manage market.  

Homeowners may have a favourable attitude towards a full service energy efficiency 

renovation concept or they may have concerns regarding factors, such as cost 

effectiveness, contractual issues and trustworthiness of the service provider. Studies are 

required to understand the perception of homeowners towards full service energy 

efficient renovation to understand the barrier and the opportunity for such service in 

residential buildings. 

Our research methods regarding existing buildings may be expanded to new buildings. 

For example, there are opportunities to improve energy efficiency in the built-

environment through construction of passive houses. However, to promote such houses, 

the awareness, attitudes and perceptions of homeowners need to be understood. Several 

factors, including building location and size, investment cost, operating cost and 

aesthetics, influence the decision to buy a detached house. What factors are given priority 

when people buy a detached house? What could be the driving factors for them to buy a 

passive house? How do they rate a traditional house and a passive house with regard to 

investment cost, operational cost and a host of other factors? Are the owners of detached 

houses willing to move to a passive house? To what extent are people aware of the 

existence of passive houses? Similar questions could be asked about how people think 

when buying or renting an apartment with the passive house standard.  
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The decision to construct a new multi-family building is complex. Several actors and 

organisational factors influence the decision to construct such buildings. Studies should 

be conducted that analyse various factors guiding the decisions of potential owners of 

multifamily houses, e.g., municipal housing companies: if they intend to construct a 

passive house rather than a traditional house, including whether they have a preference 

for wood-framed multi-family passive houses.   

 

The awareness, attitudes and perceptions of builders/contractors towards passive houses 

and full service energy efficient renovations are also important. Builders/contractors 

influence the market for passive houses or full service energy efficient renovation, since 

they construct new houses and renovate existing houses. Prefabricated house 

manufacturers are the dominant players in the production of new detached houses, 

whereas several medium- to large-size contractors produce and renovate multi-family 

houses. Renovation of detached houses is mainly done by local construction companies 

of a smaller size. To produce passive houses or to offer full service energy efficient 

renovation services, these actors must be convinced that a market exists for the new 

products or services, and they must have technical competence and the ability to take 

risks.  

 

The building component suppliers are major sources of innovation in the construction 

industry. These suppliers can influence their customers, the builders or homeowners, to 

buy specific products, which might have implications for energy efficiency in buildings. 

Therefore, the role of suppliers in energy efficiency improvements in the built 

environment needs to be investigated. 

 

Increased construction of passive houses and energy efficient renovations of existing 

houses can reduce the demand for energy in residential buildings. The reduction in 

energy demand may influence the business environment of energy utilities, which, in 

turn, may influence their attitudes and actions towards promotion of energy efficiency 

measures. It is useful to study if energy utilities have a positive or negative attitude 

towards passive houses and energy efficient building renovations, including how they 

perceive the energy demand in future, and how they are positioning themselves to adapt 

to this future energy demand.        

 

Several economic, informational and regulatory policy instruments are directed towards 

the supply and demand-side actors to promote energy efficiency measures. However, 

there has been a lack of studies on how these actors perceive the policies as encouraging 

them to implement energy efficiency measures. There is a need to study the perception of 

the general public, owners of detached houses and multi-family houses, 

builder/contractors, material/equipment suppliers and energy utilities regarding the 
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degree to which the policy instruments encourage them to engage in activities that 

promote passive houses and full service energy efficient renovations. 
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Abstract 

The paper focuses on Swedish homeowners‘ need for and perceptions about adopting 

building envelop energy efficiency measures. The paper is based on a questionnaire 

survey of 3059 homeowners (response rate of 36%) selected by stratified random 

sampling during the summer of 2008. The results showed that 70-90% of the respondents 

had no intention of adopting such a measure over the next 10 years. The main reasons for 

non-adoption were that homeowners were satisfied with the physical condition, thermal 

performance, and aesthetics of their existing building envelope components. A greater 

proportion of respondents perceived that improved attic insulation has more advantages 

than energy efficient windows and improved wall insulation, but windows were more 

likely to be installed than improved attic insulation. Respondents gave high priority to 

economic factors in deciding on an energy efficiency measure. Interpersonal sources, 

construction companies, installers, and energy advisers were important sources of 

information for homeowners as they planned to adopt building envelope energy 

efficiency measures. Policies measures to facilitate the adoption rate of energy efficient 

building envelope measures are discussed, 

Keywords: Energy efficiency; building envelop components; homeowners; Sweden 

1. Introduction 

Since the oil crises of the 1970s, there have been improvements in the energy efficiency 

of the Swedish building stocks, but the efficiency gains made since the 1990s have not 

been significant compared to those of earlier periods [1]. Still the residential and service 

sectors accounted for 36% (about 145 TWh) of the national final energy use in 2006 [2]. 

Space heating and hot water, constituting approximately 60% of this energy use (about 87 

TWh), offer a significant energy reduction potential.  

The Swedish government has a short- and medium-term target of reducing energy use 

per heated floor area by 20% and 50 % from 1995 to 2020 and 1995 to 2050, respectively 

[3]. The techno-economical potential for decreased energy use through the adoption of 

energy efficiency measures in the total Swedish building stock has been estimated to be 
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30 TWh of heat and 15 TWh of electricity [4]. It is important to target existing houses 

because most of them were built during the 1960s and 1970s before energy efficiency 

was emphasised in the Swedish building codes. Also, the addition of new houses to the 

existing stock happens slowly.  

The two million detached houses, account for the largest share (42% in 2006) of the 

energy used in the residential and service sectors. The heat use in these houses has 

decreased from an average of 159 kWh/m
2
/year during the 1980-1989 period to about 

129 kWh/m
2
/year in 2006 [3]. However, this can be further reduced through the adoption 

of energy efficient windows, improved attic and wall insulation. 

Homeowners may adopt energy efficient building envelop measure in order to reduce 

household energy use, improve indoor comfort and to improve the aesthetic appearance 

of the buildings. All building envelop measures could be installed together, and that 

happens mostly during major renovations. It is likely that homeowners will adopt those 

measures that best fulfil their prioritised need. The preference for a specific option is 

usually based on a comparison of various alternatives in terms of ease of installation, 

annual cost savings, investment required, aesthetic value, etc.  

Potential adopters‘ evaluation of alternatives is usually based on perceptions of the 

attributes of the alternatives. Hence, the Swedish homeowners‘ adoption of building 

envelope energy efficiency measures depends on their perceptions of such measures. In 

this paper we analyse homeowners‘ perceptions about building envelope components 

such as windows, attic and wall insulation, and their plans to improve them. The analysis 

is based on data collected from a survey of about 3000 Swedish homeowners during 

May–July 2008. Our study expands existing studies on homeowners‘ adoption practices 

for heating systems [5 - 12] and consumer durables [13]. 

2. Conceptual framework  

Building envelope energy efficiency measures are usually renewed after about 30-40 

years. Hence, it is likely that many Swedish homeowners have not been involved in 

adopting such measures. Even if they were involved previously, a new decision is 

influenced by existing information and circumstances. Following the definition by 

Rogers [14] and Howard and Sheth, [15] which states that innovation is an idea, practice 

or object that potential adopters perceive as new, we consider the adoption of energy 

efficient windows and improved insulation as innovations.  

Potential adopters go through various stages when making adoption-decisions [5, 14, 

16 - 18]. The common stages found in all these studies are the need for an innovation, the 

collection of information, and the selection of an innovation based on an evaluation of 

alternatives. We discuss these stages and the influence of external factors on 

homeowners‘ adoption decisions (Figure 1) to understand homeowners‘ adoption of 
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energy efficiency measures for building envelopes. There are several external factors 

influencing homeowners‘ decisions, but we consider only government subsidies for 

installing energy efficient windows in existing detached houses.  

  

Figure 1: Schematic representation of different stages of decision making in 

homeowners adoption of a building envelope component (Adapted from [5, 17]) 

2.1 Stage -1: Need for a new building envelope component 

Potential adopters consider adopting an innovation if they feel a need for it [19], and 

take actions that best fulfil the need in question [17]. In building envelope component 

replacement decisions, need may arise because of the physical condition, thermal 

performance, or the aesthetical value. These conditions generally depend on the age of 

component. Aesthetic aspect is limited to visibility of the component and is important for 

windows and façades. In addition, the perceived high cost of energy or a concern for the 

environment may induce the homeowners to adopt building envelop energy efficiency 

measures. Furthermore, homeowners‘ level of awareness [14] of various energy 

efficiency measures may influence the adoption of such measures.   

Demographic variables like age, income, and education may influence potential 

adopters‘ decision-making process [17]. Socio-demographic analysis may be useful in 

understanding the environmental knowledge and attitudes of individuals [20] and, 

therefore, may assist in the market segmentation of potential adopters [21]. Still, there is 

no conclusive evidence on the relationship between demographic factors and green 

consumer behaviour [20, 22, 23]. Some Swedish studies have shown that there exists a 

relationship between homeowners‘ age and energy efficient behaviour [5, 6, 24].    

2.2 Stage 2 – Collection of information 

Potential adopters who intend to fulfil their needs collect information about 

alternatives from various sources. The information search could be either internal (from 

Collection of Information 

 

Selection of a building 
envelope component 

Physical condition, energy performance of 
installation, awareness about alternative, 
perceived energy cost, aesthetics, 
demographic factors 
 

Mass media and interpersonal 
communication, change agents 
 

Perceived advantages 
       - Economic 
       - Ease of installation 
       - Environmental 

Stage 2 

Stage 3 

Stage 1 
Need for a new building 

envelope component 

Influencing factors  
 
 
 
 
 
Influence of 
government 
policy 
instruments 
like 
subsidies 
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memory) or external (from external sources) [17]. Typically, investment-intensive 

decisions such as building envelope energy efficiency measures entail external searches. 

The external sources of information include mass media and interpersonal channels. 

These information sources influence homeowners‘ behaviour through a change in the 

homeowners‘ cognitive attitudes [25].  The influence from mass media and interpersonal 

sources on adoption decisions varies among categories of potential adopters. Mass media 

communications like television or newspaper advertisements are more likely to influence 

the innovators and early adopters, who constitute a small proportion of the total number 

of potential adopters [14]. Interpersonal sources are important for the majority of other 

adopters [26 - 28].  

2.3 Stage 3 - Selection of a building envelope component 

Potential adopters process the gathered information to make the adoption decision. In 

doing so, they usually compare various alternatives based on their perception of the 

alternatives‘ attributes: economic factors, environmental benignity, ease of installation, 

etc. A measure that has more perceived advantages compared to others is likely to be 

adopted. Adoption decisions are usually made based on perceptions because potential 

adopters are constrained by bounded rationality; i.e., they have a limited capacity to 

acquire, store, and process the vast amount of information required to make a rational 

decision [29].    

2.4 Influence of economic instruments 

Potential adopters may not realise the advantages of adopting energy efficiency 

measures; therefore, efforts are needed to promote such measures [14]. Marketing 

campaigns, rules and regulations, and economic instruments are some of the options. 

Economic policy instruments like subsidies and low interest loans are used, especially 

during the early phases of the diffusion process, to promote investment-intensive 

innovations. Grants and low-interest loans were effective in Sweden [30] and in the 

United Kingdom [31, 32], but subsidies for wall insulation had a limited impact in the 

Netherlands [33].  

During our survey period, subsidies were available in Sweden for owners of detached 

houses who replaced their existing windows with energy efficient windows (U value ≤ 

1.2 W/m
2
K). This subsidy, available from 2006 to 2008, was 30% of the investment cost 

exceeding 10,000 SEK
1
, and the maximum subsidy available for each household was 

10,000 SEK.  

 

                                                 
1
1 Euro = approximately 10.3 Swedish kronor (SEK) in October 2009 
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3.  Methodology 

3.1 Survey 

In survey research, a suitable sampling technique is required which generalise to the 

entire population from a small portion of the population [34]. In Sweden, population 

density varies significantly from north to south, and therefore, the stratified random 

sampling technique is an appropriate option. In our survey, the strata consisted of 8 

Nomenclature of Territorial Units for Statistics (NUTS) regions
2
. The questionnaire was 

sent to a sample of homeowners in each of these NUTS regions. The total number of 

questionnaires sent out for the survey was 3059, and after two reminders, the response 

rate was 36%. The survey was conducted through Statistics Sweden.  

3.2 Questionnaire 

The questionnaire consisted of six parts. Section A included questions about the 

existing conditions of the building envelope components. Section B included questions 

regarding the respondent‘s awareness of energy efficiency measures and their perceptions 

of them.  Section C included questions about the respondent‘s interaction with other 

major actors like construction companies and energy advisers. In Section D, respondents 

were asked to grade the level of importance of different installation-related factors like 

investment cost, energy cost savings, GHG emission-reduction potential and aesthetics. 

In Section E, respondents were asked to rank the different energy efficiency measures on 

a 5-point Likert scale for each of the factors mentioned in Section D. Section F included 

questions related to socio-economic variables. 

3.3 Analysis 

Approximately 64% of the homeowners did not respond. The higher the non-response, 

the greater is the need to ascertain whether the non-responses were concentrated in 

certain groups [35]. Hence, to generalise our survey results, we tested the presence of a 

non-response bias. We compared the composition of the group of homeowners sampled 

with that of those who responded, considering each homeowner‘s NUTS region, the age 

of each house, the age and income of each respondent. No significant non-response bias 

was found with respect to those variables, except that homeowners older than 55 years 

were more commonly represented among the respondents. 

Homeowners‘ ratings of the importance of installation-related attributes (section D of 

the questionnaire) were ordinal in nature. Hence, the median is the appropriate measure 

of the central tendency [36]. However, the median value was the same for a few 

                                                 
2
 The NUTS regions are: Stockholm County, Eastern-Central Sweden, Småland and the islands of Öland 

and Gotland, Southern Sweden, Western Sweden, North-Central Sweden, Central Norrland and Upper 

Norrland. 
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attributes, making it impossible to rank the level of importance of those attributes. 

Therefore, we treated the ordinal responses as interval level variables and estimated the 

mean values of the attributes to rank them. However, we kept intact the ordinal nature of 

the responses by conducting a non-parametric test to verify the significance of the 

rankings. The Friedman test could show if at least one attribute was ranked significantly 

differently from the others, but this test did not allow us to know which attributes were 

ranked significantly differently. Hence, we conducted a Wilcoxon signed rank test 

(henceforth a ‗Wilcoxon test‘) of successive pairs of attributes arranged according to 

decreasing mean values. A significant result for the first pair of attributes automatically 

renders the successive attribute significantly different from the first one.  

The above procedure was also used to analyse respondents‘ ratings of various building 

envelope energy efficiency measures (section E of the questionnaire).  

4. Results 

4.1 Characteristics of building envelope components 

Table 1 provides information about the existing building envelope components of 

respondents‘ houses. Double glass followed by triple glass windows was common. 

Mineral wool was the most common insulation material used for attic and wall insulation. 

For attics, insulation thickness varied more or less evenly within the range of 100 – 200 

mm, 200 – 300 mm and 300 – 400 mm. About 11% of respondents reported insulation 

thickness, above 400 mm. In the case of wall insulation, approximately 6% of 

respondents reported insulation thickness above 300 mm. The detached houses in North 

Sweden (i.e., Jämtland, Norrbotten, Västerbotten and Västernorrland counties) have 

relatively thicker attic and wall insulation compared to those in other parts of Sweden. 

The proportion of respondents reporting that their windows, attic insulation, or wall 

insulation was more than 20 years old was 42%, 43% and 50%, respectively.  

Table 1: Percentage of respondents reporting on characteristics of their existing building 

envelope components 

Characteristics
1
 Window (%) Attic insulation 

(%) 

External wall 

insulation (%) 

Type of windows 

Double glass  

Triple glass 

Double glass with insulation
2
  

Triple glass with insulation
2
  

Do not know 

 

46 

35 

  9     (N=1229) 

19 

  0.4 

 

 

 

NA 

 

 

 

 

NA 

http://en.wikipedia.org/wiki/Norrbotten_County
http://en.wikipedia.org/wiki/V%C3%A4sterbotten_County
http://en.wikipedia.org/wiki/V%C3%A4sternorrland_County
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Type of insulation material 

Mineral wool 

Cellulose 

Fibre board 

Cellplast 

No insulation 

Do not know 

 

 

 

NA 

 

73 

14 

  4 

  1       (N=1060) 

  4 

  8 

 

67 

11 

  9 

  2    (N=1065) 

  3 

15 

Thickness of  insulation 

No insulation 

0 – 100 mm  

101– 200mm  

201– 300mm 

301– 400mm 

> 400 mm 

Do not know 

NA 

 

  3 

  7 

20 

23       (N=1052)  

16 

11 

21 

 

  2 

14 

34 

18    (N=1054) 

  5 

  1 

27 

Age of component  

 <  10 years  

10 –20 years  

20 – 35 years 

> 35 years      

Do not know 

 

 28 

 18 

 24       (N=943) 

 18 

 12 

 

21 

19 

27      (N=899) 

15 

18 

 

 14 

 17 

 27     (N=898) 

 22 

 20 

1
 As few respondents indicated more than one choice, the sum of percentage may exceed 100. 

2
 Sealed window with air/inert gas insulation between glasses. 

N = Number of responses, NA = Not applicable. 

 

4.2 Need for a new building envelope component 

Approximately 71%, 80% and 91% of respondents had no intention of changing their 

windows or improving their attic or wall insulation, respectively, during the next ten 

years (Table 2). This shows that a vast majority of homeowners are not going to adopt 

such measures in the near future. This could be due to several reasons discussed in the 

following sections. 

Table 2: Percentages of respondents (excluding ―do not know‖ responses) reporting 

about their plans to adopt various building envelope energy efficiency measures. 

Plan to replace or improve  the 

existing building envelope component 

No plan (%) 

 

Yes, within 3 years (%) Yes, 3-10 years (%) 

Windows 

Attic insulation 

Wall insulation 

71 (N = 690) 

80 (N = 725) 

91 (N = 820) 

16 (N = 158) 

11 (N = 102) 

  4 (N =   37) 

13 (N = 124) 

  9 (N =   78) 

  5 (N =   45)  

N = Number of responses.  

4.2.1 Satisfaction with existing building envelope component 

The majority of the respondents felt that the physical condition of their windows 

(68%), insulation of their attic (66%) and insulation of their walls (64%) were in good 

condition (Table 3). Approximately 73% and 79% of the respondents were satisfied with 

the aesthetics of their windows and façade, respectively.  
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The majority of the respondents were satisfied with the thermal performance of their 

windows (63%) and attic (65%) and wall (69%) insulation (Table 3). A similar 

percentage of respondents (82%) reported that they did not feel any cold air ingress in 

their house (not shown in table). Among the 18% who felt cold air ingress, 55% reported 

that windows were the source of the cold draft.  

Table 3: Percentage of respondents reporting their perception of various attributes of 

existing building envelope components  

Attributes Respondent category Window (%) Attic 

insulation (%) 

External wall 

insulation (%) 

 

Physical 

condition 

Bad     8   8   4  

Average    24  (N=1083) 18 (N=1014) 21 (N=1063) 

Good   68  66  64  

Do not know 0.4  9   11  

Thermal 

performance 

Dissatisfied   12   8   7  

Neither dissatisfied nor satisfied   23 (N=1073) 20 (N=1016) 20 (N=1058) 

Satisfied   63  65 69 

Do not know  2   7   4  

 

Aesthetics
1
 

Dissatisfied     9      

NA 

 

 

 5      

Neither dissatisfied nor satisfied   17.4 (N=1080) 15.4 (N=1081) 

Satisfied   73    (N= 787) 79    

Do not know   0.6 (N=6)   0.6  

Cold air 

ingress- source 

 55 (N=102) 14 (N= 26) 29 (N= 55) 

1
 Refers to aesthetics of windows and facade, NA = Not applicable, N = Number of responses 

 

Dissatisfaction with existing building envelope components will encourage the 

adoption of new ones. Respondents may plan to adopt a new building envelope 

component if they thought that the existing components were in bad physical condition, 

had poor aesthetics, or poor thermal performance (Table 4). For example, 83% of the 

respondents whose windows were in bad physical condition might replace them, while 

only 14% among those who had windows in good condition might do so. Respondents 

who felt cold air ingress were more likely to adopt a building envelop measure.  

Building envelope components were more likely to be adopted as the age of the 

components increased. For example, approximately 49% of the respondents whose 

windows were more than 35 years old may install new windows, but only 18% of those 

who had windows less than 10 years old would do so (Table 4). We found that 

respondents were more likely to replace their windows and improve their attic or wall 

insulation when they had to renovate the façade.  
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Table 4: Attribute-wise percentage of respondents planning to replace their windows or 

improve insulation during the next 10 years  

Attributes  Respondent category Percentage of respondents who plan to replace 

windows or improve insulation during the next 

10 years
1
 

  Window Attic insulation External wall 

insulation 

 

Physical condition 

Bad 83 (N =   63) 68 (N =  48) 36 (N =  14) 

Average  53 (N = 118) 37 (N =  55) 17 (N =  27) 

Good 14 (N =   94)  11 (N =  63)  5  (N =  28) 

 

Thermal 

performance 

 

Dissatisfied 62 (N =   68)  59 (N =  42) 42 (N =  23) 

Neither dissatisfied nor satisfied 52 (N = 109)  37 (N =  61) 14 (N =  22) 

Satisfied 15 (N =   93)  10 (N =  59)  5 (N  =  31) 

 

Aesthetics
2
 

Dissatisfied 71 (N =   62)  NA 41 (N =  13) 

Neither dissatisfied nor satisfied 54 (N =   86)  NA 19 (N =  24) 

Satisfied 18 (N = 126) NA   6 (N =  42) 

Cold air ingress Yes 51 (N =   85) 37 (N =  52) 22 (N =  29) 

No 24 (N = 189) 16 (N = 120)  7 (N  =  51) 

Other Factors  

Age of the 

component 

< 10 years 18 (N =   45) 14 (N =  23) 11 (N = 12) 

10 -20 years 21 (N =   31) 20 (N =  29)  8 (N  = 10) 

20 – 35 years 39 (N =   81) 19 (N =  38) 10 (N =  20) 

> 35 years 49 (N =   70) 32 (N =  35) 11 (N =  16) 

Plan for changing 

external wall 

Yes 74 (N =   51)  60 (N =  36) 82 (N =  53) 

No 24 (N = 210) 16 (N = 125)  3 (N  =  22) 
1 

Chi–square tests showed a significant relationship (p ≤ 0.01) between respondents‘ perception of the 

attributes and their plans to replace windows or improve attic or wall insulation. However, the relationship 

between the age of component and respondents‘ plans to improve wall insulation was insignificant. N = 

Number of respondents in each category. 
2 
Refers to aesthetics of windows and facade.  

NA = Not applicable. 

 

 

 

 

4.2.2 Perception of energy cost and importance of reducing energy use 

Homeowners were more likely to adopt building envelope energy efficiency measure 

if it was perceived that annual household energy costs were high (Table 5). Chi-square 

tests showed that the relationship between respondents‘ perception of energy costs and 

their plans to adopt a measure was significant for the installation of windows (p ≤ 0.05) 

and improved attic insulation (p ≤ 0.01), but not for improved wall insulation.  
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Table 5: Respondents‘ plans to adopt a building envelope energy efficiency measure 

during the next 10 years, in relation to their perception of household energy costs and the 

level of importance that they attribute to reduced household energy use   

Factors that may 

create a need 

Respondent category Percentage of respondents who plan to replace windows 

or improve insulation during the next 10 years 

Window Attic insulation External wall insulation 

Perceived annual 

energy cost  

Low 24 (N = 234) 12 (N = 219)  7 (N = 220) 

Medium  28 (N = 379) 20 (N = 355)  8 (N = 353) 

High 34 (N = 297) 26 (N = 280)  13 (N = 275) 

Level of importance 

to reduce energy use 

in home 

Not important 20 (N = 146)  9 (N = 134)  7 (N = 138) 

Moderately important  27 (N = 194) 18 (N = 188)  8 (N = 182) 

Important- 32 (N = 585) 24 (N = 542) 10 (N = 542) 

N = Number of respondents in each category. 

Approximately 66% of the respondents did not think that their energy costs were high. 

Still, it was important for about 64% of the respondents to reduce household energy use. 

The results of Table 5 show that only 32% of those who consider it important to reduce 

household energy use had plans to replace their windows. A lesser proportion may 

improve attic or wall insulation. Still, respondents who thought that it was important to 

reduce household energy use were more likely to adopt a building envelop energy 

efficiency measure than those who did not think so. A significant relationship was found 

between the level of importance that respondents assigned to reducing household energy 

use and their plan to replace windows (p ≤ 0.05) or improve attic (p ≤ 0.01) or wall 

insulation (p ≤ 0.01).  

4.2.3 Demographic factors 

The influence of respondents‘ age, income, and education on their adoption of 

building envelope energy efficiency measures is presented in Table 6. A chi-square test 

showed that there was a significant relationship (p ≤ 0.05) between respondents‘ age and 

their plan to install a window or improve attic or wall insulation. Younger homeowners 

were more likely to adopt such a measure. Respondents with higher education and higher 

income were found to be more inclined to adopt an energy efficiency measure, but the 

relationship was statistically insignificant.  

Table 6: Percentage of respondents in different age, income and education categories 

who planned to adopt building envelope energy efficiency measures during the next 10 

years 

Respondent category Percentage of respondents who planned to replace 

windows or improve insulation during the next 10 years 

 Window Attic insulation External wall insulation 

Age    

< 36 years 43 (N = 58) 31 (N = 51) 12 (N = 50) 

36-45 years 32 (N = 168) 23 (N = 163) 13 (N = 159) 
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46 -55 years 27 (N = 209) 22 (N = 194)  8  (N = 193) 

56-65  years 31 (N = 290) 20 (N = 271) 12 (N = 279) 

> 65 years 23 (N = 235) 13 (N = 214)   3 (N = 210) 

Annual income (1000 SEK)    

< 150 SEK  20 (N =  41) 13 (N = 38)   5 (N = 37) 

150 – 300 SEK  29 (N = 178) 21 (N =160) 10 (N = 164) 

300 – 450 SEK  31 (N = 236) 21 (N = 224) 11 (N =218) 

450 – 600 SEK  30 (N = 252) 20 (N = 230)   9 (N =233) 

> 600 SEK  30 (N = 229) 20 (N = 220)   9 (N =217) 

Education    

Primary  25 (N = 268) 16 (N = 248)  8 (N = 255) 

Upper secondary  32 (N = 329) 20 (N = 312) 11 (N = 307) 

University 29 (N = 360) 23 (N = 331)  9 (N = 326) 

N = Number of respondents in each category. 

 

4.3 Information source 

Most potential adopters rely on interpersonal information in their adoption decisions 

[14]. We also found that interpersonal sources were the most important source of 

information in respondents‘ decisions to adopt building envelope energy efficiency 

measures. Construction companies, material suppliers and energy advisers were the 

second and third most important sources of information (Table 7).  

Table 7: Level of importance of various information sources as respondents plan to adopt 

building envelope energy efficiency measures 

Sources of information Total survey 

respondents 

Respondents who improved 

building envelope component(s)
 1
 

during the last 2 years 

N
2
 Mean

3
 N

2
 Mean

3
 

Interpersonal sources  940 3.58 (0.037) 120 3.63 (0.116) 

Construction companies/material suppliers  916 3.45 (0.051) 120 3.52 (0.117) 

Energy adviser  936 3.25 (0.043) 121 3.08 (0.129) 

Installers/vendors 903 3.13 (0.041) 116 3.25 (0.109) 

Internet  887 3.04 (0.045) 116 3.22 (0.131) 

Energy supplier  902 2.98 (0.041) 117 3.03 (0.118) 

Vi i Villa magazine 924 2.86 (0.037) 120 2.86 (0.112) 

Visiting a house to see the installation   916 2.83 (0.046) 118 2.72 (0.137) 

Swedish Energy Agency 900 2.73 (0.041) 118 2.51 (0.114) 

Exhibition 907 2.57 (0.040) 117 2.53 (0.104) 

Advertisement in TV 901 2.09 (0.033) 115 1.97 (0.089) 

Home delivered leaflets  888 1.98 (0.034) 115 1.86 (0.086) 
1 
Building envelope component(s) include door, window, attic, basement and wall insulation. 

2 
N = Number of respondents, Values in parentheses are standard errors. 

3
 Mean values are based on homeowners‘ ratings using an ordinal scale of 1 = Not important, 5 = Very 

important. Hence, an information source with a higher mean value is of greater importance. 
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Results presented in Table 7 shows that the ranking of the various sources of information, 

based on the mean values, was almost same among the general respondents and those 

who have  improved their existing building envelope component(s) during the last two 

years (i.e. since 2006).  

4.4 Installation-related factors  

Potential adopters typically compare various alternatives based on a number of 

attributes of the innovations. We term such attributes of energy efficiency measures as 

―installation-related factors‖. The factors that are given high priority guide the decisions. 

A comparison of the mean values of respondents‘ ratings of the factors is presented in 

Table 8, with the factors ranked in descending order. The results showed that savings in 

terms of the annual cost of energy, along with investment cost, was the most important 

factor in homeowners‘ decisions to adopt energy efficient building envelope measures. 

Environmental factors were given lower importance. Improvements in social status were 

the least important factor in the decision to adopt building envelope energy efficiency 

measures. 

Table 8: Importance of installation-related factors in respondents‘ choice of building 

envelope energy efficiency measures (arranged according to decreasing mean value) 

Installation-related factors Total survey respondents Respondents who improved 

building envelope component(s) 

during the last 2 years 

N
1
 Mean

2
 Wilcoxon 

test
3
 

N
1
 Mean

2
 Wilcoxon 

test
3
 

Annual saving of energy cost 1026 4.52 (0.024)  130 4.53 (0.061)  

Initial investment cost 1020 4.42 (0.027) **  127 4.42 (0.072) NS 

Functional reliability   954 4.13 (0.028) **  120 4.18 (0.075) * 

Maintenance requirement   954 4.10 (0.028) N.S  119 4.18 (0.071) NS 

Indoor comfort   977 3.97 (0.029) **  122 4.10 (0.081) NS 

Environmental benefit   976 3.78 (0.031) **  124 3.82 (0.079) * 

Increase market value of house   973 3.58 (0.034) **  123 3.66 (0.101) NS 

Ease of installation   948 3.44 (0.033) ** 121 3.30 (0.098) ** 

GHG emission reduction   937 3.38 (0.033) N.S  121 3.49 (0.095) NS 

Time required to collect 

information 
  940 2.85 (0.035) **  117 2.86 (0.085) ** 

Aesthetics   939 2.78 (0.036) N.S  120 2.87 (0.105) NS 

Improve status   931 1.72 (0.033) **  117 1.60 (0.090) ** 
1
 N denotes the number of respondents 

2
 A factor with a higher mean value is of greater importance. Values in parentheses are standard errors 

3
  ** denotes significant at p ≤ 0.01, * denotes significant at p ≤ 0.05, N.S – Not significant  

 

A Wilcoxon test was used to analyse the level of significance for each pair of 

adjoining factors in Table 8. For example, there was a significant difference in the 

respondents‘ (total survey respondents) ranking of the first factor (annual savings on 
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energy cost) and the second factor (initial investment cost). However, there was no 

significant difference in the respondents‘ ranking of the factors‘ functional reliability and 

maintenance requirements.  

We also compared the level of importance attributed to various installation-related 

factors between the general population and those who actually retrofitted their building 

envelope components. Results presented in Table 9 shows that the ranking of the various 

installation-related factors, based on the mean values, was almost same among the 

general respondents and those who have improved their existing building envelope 

component(s) during 2006-2008. One exception is that, compared to the total survey 

respondents, a higher number of respondents who improved their building component(s) 

gave a higher priority to GHG emission reduction than the ease of installation.  

4.5 Ranking of energy efficiency measures 

We compared the respondents‘ ranking of energy efficient windows and attic and wall 

insulation improvements for the first ten factors mentioned in Table 8.  

Table 9: Comparison of building envelope energy efficiency measures with respect to 

installation-related factors 

Factors and energy efficiency measures
1
 N Mean

2
 Wilcoxon 

test
3
 

% of respondents 

who do not know 

Annual energy cost reduction     

Attic  787 3.93 (0.038)   17.4 

Window  821 3.70 (0.037) **  15.6 

External wall  773 3.54 (0.039) **  20.1 

Initial investment cost     

Attic  745 3.13 (0.037)   21.6 

Window  803 2.36 (0.037) **  18.0 

External wall  726 2.35 (0.042) N.S  24.1 

Functional reliability     

Attic  719 4.19 (0.037)   24.2 

Window  750 4.14 (0.037) N.S  22.0 

External wall  694 4.02 (0.042) **  27.2 

Maintenance requirement     

Attic  723 4.18 (0.032)   23.7 

Window  738 4.03 (0.076) **  23.3 

External wall  699 3.96 (0.034) N.S  26.3 

Indoor comfort     

Window  795 4.07 (0.031)   18.8 

Attic  748 3.92 (0.035) **  21.5 

External wall  721 3.72 (0.037) **  24.9 

Environmental benefit     

Attic  739 3.61 (0.041)   22.1 

Window  767 3.38 (0.039) **  20.7 

External wall  723 3.33 (0.041) N.S  24.2 
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Market value of house     

Window  806 3.80 (0.035)   17.4 

Attic  774 3.54 (0.037) **  19.5 

External wall  747 3.54 (0.037) N.S  22.3 

Ease of installation     

Attic 777 3.78 (0.038)  19.1 

Window  795 3.44 (0.038) **  18.3 

External wall  746 2.80 (0.045) **  22.5 

GHG emission reduction potential     

Attic  602 3.42 (0.048)  36.7 

Window  623 3.19 (0.046) **  35.6 

External wall  584 3.15 (0.046) N.S 38.6 

Time required to collect information     

Attic  735 3.38 (0.043)  23.2 

Window  764 3.28 (0.042) N.S  21.3 

External wall  720 3.15 (0.045) N.S  24.8 
1
 The terms ―Window‖, ―Attic‖, and ―External wall‖ refer to energy efficient windows, improvement of 

attic insulation and improvement of external wall insulation, respectively; N = Number of responses other 

than ―do not know‖  
2
 In calculating the mean value, the ―do not know‖ responses were considered as missing values. Values in 

parentheses are standard errors 
3 
N.S = Not significant, ** significant at p ≤ 0.01 

 

Table  9 shows that improved attic insulation was perceived as significantly better than 

energy efficient windows according to a majority of factors, except for increase in market 

value of the house and indoor comfort for which energy efficient windows were thought 

to be better. The improvement of wall insulation ranked the lowest for all installation-

related factors, but the Wilcoxon test revealed that its ranking compared to its nearest 

alternative was not significant for some of the factors.  

Several respondents did not know about at least one aspect of a building envelope 

energy efficiency measure. The percentage of respondents reporting ―do not know‖ was 

higher for insulation improvements to attics and walls compared to that for energy 

efficient windows. This result is in line with respondents‘ response to the question ―How 

well aware are you of energy efficient windows and energy efficient improvement 

possibilities in attic and wall insulation?” More respondents were found to be aware or 

very much aware about energy efficient windows (57%) than about attic (50%) or wall 

insulation (42%) improvement possibilities. 

Energy efficiency measures that have more perceived advantages may be 

recommended more to others through interpersonal communication. Our results 

corroborate this hypothesis. We found that a higher percentage of respondents would 

recommend attic insulation improvement to their friends and peers (41%) than would 

recommend energy efficient windows (27%) or wall insulation improvement (12%). 
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4.6 Relevance of investment subsidies 

Approximately 36% of respondents reported that they knew about government support 

for reducing household energy use. Among them, about one-third knew about investment 

subsidies for the adoption of energy efficient windows. In this category, 53% considered 

the subsidy important in their adoption decision, while 28%, especially those having 

annual household income of more than 300,000 SEK, thought that it was not important.  

 

5 Discussion and conclusion 

The majority of homeowners did not intend to adopt a building envelope energy 

efficiency measure. This is largely because homeowners were satisfied with the physical 

condition, thermal performance, and aesthetics of their existing building envelope 

components. Older homeowners were less likely to adopt building envelope measures. 

Economic instruments could be used to encourage homeowners to adopt building 

envelope energy efficiency measures because they give high priority to investment cost 

and annual energy cost when making such a decision. Earlier research also showed that 

homeowners give high priority to those economic factors when adopting investment 

measures like a new heating system [5 - 12].  

Respondents who consider their energy cost as high were more likely had plans to 

adopt a new window or improve attic insulation. However majority of respondents of our 

survey did not consider their energy cost as high. Since, respondents gave higher priority 

to reduce the annual cost of energy than to environmental benefits, increasing energy 

prices using economic instruments to internalise the externalities could encourage people 

to adopt energy efficiency measures. In Sweden, external cost of energy use is 

internalized through taxes on emission of CO2, sulphur and NOx. Moreover there are 

energy and electricity taxes. However as price elasticity of energy demand in Sweden is 

relatively low (-0.3 as reported by Nässén et al [37]), and in such situations imposition of 

taxes to reduce energy use may be less effective [38]. More detailed studies are needed to 

understand how to steer energy prices to influence homeowners to adopt energy 

efficiency measures.   

As homeowners give high priority to initial investment cost, investment subsides may 

encourage the adoption of investment-intensive energy efficiency measures. 50% of the 

respondents who were aware of investment subsidies for the installation of energy 

efficient windows also thought that the subsidy was important in their decision. However, 

64% of the respondents were unaware of the existence of any government support for 

reducing household energy use.  
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Information campaigns announcing the availability of economic incentives and the 

cost advantages of energy efficiency measures may be helpful in adoption decision. 

Campaigns stressing the loss incurred by residents due to non adoption of energy 

efficiency measures may be more effective than the one projecting the energy/monetary 

saving potential [39]. This is because people act more to avoid a loss than to achieve a 

gain [40].  

According to majority of respondents, improved attic insulation entailed less 

investment cost as well as greater energy cost-savings and hence has a better pay back for 

investment compared to other alternatives. The potential adopters are likely to invest 

more in measures that provide faster returns [41], in our case improved attic insulation. 

However, we found that more homeowners were likely to adopt windows rather than 

improving attic insulation, largely because more homeowners were dissatisfied with their 

windows than with attic insulation. Furthermore, windows have a higher degree of 

observability as compared to attic insulation. If we encounter a problem frequently, we 

give priority to that problem more so than to others that are less observable [42]. Hence, 

respondents who thought that their windows were in bad condition were more likely 

(83%) to replace them than those who thought that their attic insulation was in bad 

condition (68%).  

Awareness of better alternatives influences homeowners‘ decisions [43]. 

Approximately 50% of the respondents mentioned that they did not know or knew little 

about building envelope energy efficiency measures. More respondents were aware of 

energy efficient windows than of improved insulation. This may be because of the 

recently launched (2006) energy efficiency labelling programme, an incentive scheme 

supporting energy efficient windows, and also because of the Swan labelling of 

windows
3
. Since more respondents were well aware about energy efficient windows than 

improved insulation, the need for energy efficient windows may be higher than for other 

alternatives.  

Many homeowners did not know about the age, thickness, physical condition, or type 

of material of the attic or wall insulation in their houses. Earlier studies had shown that 

the thermal conductivity of inorganic insulation in buildings can deteriorate significantly 

and that the material can lose its insulating properties depending on site condition [45]. In 

not knowing the condition of their home insulation, a segment of homeowners might not 

be aware that the thermal properties of the existing insulation have deteriorated.  

External actors like construction companies, material suppliers, installers, and energy 

advisers can create awareness and promote problem recognition. Respondents perceive 

these actors as important sources of information regarding building envelope energy 

                                                 
3
 Windows with U value ≤ 1.3 W/m

2
K; the Swan label is recognised and understood by 97% of the 

Swedish population [44]. 
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efficiency measures. However, their strategy of using home-delivered leaflets to inform 

the homeowners about energy efficiency measures may not to be successful, since 

respondents gave low priority to this source of information. Personal contact made with 

the homeowners by external actors could be effective because homeowners give the 

highest priority to interpersonal communication when deciding to adopt energy efficient 

building envelope measures.  

A very low proportion of respondents‘ contacted government funded municipal energy 

advisers, even though such actors are perceived as an important source of information 

[46]. Frequent local exhibitions arranged by energy experts, where experts, builders, 

suppliers, installers are invited to talk and demonstrate their equipments to homeowners 

may facilitate more interaction between homeowners and change agents. A few 

homeowners who adopted energy efficiency measures (especially opinion leaders who 

adopted such measures) could also be invited to present their experiences. Each such 

exhibition may focus on a specific theme like household insulation, heating system, etc to 

facilitate an efficient communication. Homeowners may then pass on the information to 

others through interpersonal sources. Another possible way to increase the interaction of 

homeowners with energy advisers is by making it mandatory for homeowners to contact 

an energy adviser when undertaking a major household renovation. 

In Sweden from January 2009 onwards it is mandated to have energy declaration for 

new detached houses and existing houses to be sold. The energy declaration by a certified 

energy auditor may contain suggestions to improve the energy efficiency of buildings
4
. 

This requirement will facilitate homeowners, especially those planning to buy or sell a 

house, to interact with energy experts and thereby improving their awareness about 

energy efficiency measures in residential sector.  
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Abstract 

 

We used the data from a survey conducted in 2008 of 3,000 owners of detached houses to 

analyse the factors that influence the adoption of investment measures to improve the 

energy efficiency of their buildings. For the majority of Swedish homeowners, it was 

important to reduce their household energy use, and most of them undertook no-cost 

measures as compared to investment measures. Personal attributes such as income, 

education, age and contextual factors, including age of the house, thermal discomfort, 

past investment, and perceived energy cost, influence homeowners‘ preference for a 

particular type of energy efficiency measure. The implications for promoting the 

implementation of energy efficiency investment measures are discussed.  

Keywords: Building envelope measures; energy efficiency investment measures; 

homeowners   

1. Introduction 

Energy efficiency may improve fuel supply security, reduce dependency on fossil fuels 

and mitigate climate change. In Sweden, residential and service sectors accounted for 

37% of the national final energy use in 2007 (STEM, 2008). There is a large potential to 

improve energy efficiency in these sectors, and the Swedish government aims to reduce 

specific energy use by 20% and 50% from 1995 to 2020 and from 1995 to 2050, 
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respectively (IEA, 2008). However, with current energy prices and policy interventions, 

the realisation of the potential will be low (Jagemar and Pettersson, 2009).  

Homeowners may undertake several measures to improve household energy efficiency. 

These measures can be broadly categorised into (i) non-investment measures and (ii) 

investment-oriented measures (henceforth referred to as ―investment measure‖). The non-

investment measures in households are typically habitual measures
5
 such as switching off 

lights or appliances when not needed, while investment measures are infrequent or one-

time measures. We use the term non-investment measures to describe the measures that 

are due to existing or altered habits.  

A few empirical studies on homeowners‘ adoption of non-investment and investment 

measures were conducted in the 1980s (for example, Black et al., 1985; Stern and 

Gardner, 1981), and a few others were undertaken in the 2000s (for example, Barr et al., 

2005 and Poortinga et al., 2003). Surveys in UK (Barr et al., 2005) and US (Forstater et 

al., 2007) showed that more respondents may undertake non-investment measures than 

investment measures to reduce energy use. 

To the best of our knowledge, no empirical studies on homeowners‘ adoption of non-

investment and investment measures have been conducted in Sweden, which has one of 

the most climate aware societies in the world. For example, 85% of Swedes consider 

themselves to be well informed about the consequences of climate change, while 56% of 

Europeans rated themselves as in this category (Eurobarometer, 2008). 

                                                 
5
 One may not consciously undertake a habitual measure as they tend to occur unconsciously (Butler and 

Hope, 1995). 



The final version of this article appears in Energy Policy, 38, 2956-2963 (2010)  

doi:10.1016/j.enpol.2010.01.033 

23 

 

In Sweden, approximately 73% of the respondents of a survey in 2008 mentioned that 

they had taken some measures to reduce household energy use (Eurobarometer, 2008). 

The majority of them seem to have undertaken non-investment measures, as suggested by 

a 2006 survey that reported that only 16% of the surveyed respondents made energy-

saving-related investments in 2005 (Eurobarometer, 2007). A 2008 survey of owners of 

detached houses showed that less than 20% may invest in improving the energy 

efficiency of their building envelope during the coming 3 years (Nair et al., 2009). 

Similarly, a 2007 survey of homeowners revealed that less than 20% may invest in 

heating system improvements during the next 4 years (Mahapatra and Gustavsson, 2008). 

These results suggest that Swedish homeowners are more likely to undertake non-

investment measures to improve energy efficiency.  

Among investment measures, as per the Statistics Sweden data, Swedish homeowners 

may be more likely to adopt other investment measures such as energy efficient 

appliances compared to building envelope measures (SCB, 2009). In this paper, we use 

data from a questionnaire survey to analyse factors that may explain Swedish 

homeowners‘ choice of energy efficiency measures, especially those related to building 

envelop, to reduce household energy use. 

2. Factors that influence the adoption of investment measures 

Individuals may undertake non-investment measures because their benefits are visible 

(Kempton et al., 1985), they involve no investment-related risk or simply because they 

are habits from past practices. However, it may be difficult to change the behaviour of 

people (Kempton et al., 1992) who do not have energy efficient habits, especially when 

the change involves personal inconvenience. A survey of Swedish households showed 
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that only 17% of the respondents regularly switched off lights when leaving a room 

(Linden et al., 2006).  

Investment measures must be financed, which may discourage their adoption. 

Approximately 74% of Swedes considered the higher cost to be an obstacle to buying 

environmentally friendly and climate-friendly products (Naturvårdsverket, 2008). 

However, investment involves only a one-time action, which makes it easier to 

implement (Gardner and Stern, 2002). Furthermore, once energy efficiency investment 

measures are adopted, the possible energy saving (minus possible rebound effect
6
) may 

be ensured. The adoption of energy efficiency investment measures offers a higher 

energy reduction potential compared to non-investment measures (Stern and Gardner, 

1981).  

There are several factors that influence the adoption of energy efficiency investment 

measures, and we have categorised these into contextual and personal factors.  

 

2.1 Contextual factors 

Homeownership, i.e., the rental or ownership of a house, influences the adoption of 

energy efficiency investment measures (Black et al., 1985; Costanzo et al., 1986; 

Rehdanz, 2007). Our investigation is specifically based on respondents who owned a 

detached house. 

                                                 
6
 The direct rebound effect for household heating in developed countries is likely to be in the range of 10 – 

30% (Sorrell, 2007). An alternative view on rebound effect is that it is caused by voluntary behavioural 

change and hence should not be considered as a reduction in the efficiency value of an energy efficient 

measure (Stoft, 1995). 
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Age of the house could influence the adoption of building envelope measures. Owners of 

older houses may be more inclined to adopt such measures because old houses may be in 

physically or aesthetically poor condition, requiring the installation of new building 

envelope components. In Sweden, a large number of existing houses were built during 

the 1960s and 1970s, before the Swedish building code that focused on energy efficiency 

was introduced in 1977. These houses typically have low energy efficiency standards 

(Gustavsson and Joelsson, 2007).  

The need for greater thermal comfort may encourage the adoption of investment 

measures related to space heating and insulation (Berry et al., 1997; Fuchs et al., 2004; 

Herring et al., 2007). Household energy cost could influence homeowners‘ choice of 

energy efficiency measures (Black et al., 1985). Homeowners who perceive the energy 

cost to be high may adopt investment measures if they believe that non-investment 

measures would not sufficiently reduce the energy cost.   

Previous investment in energy efficiency improvements in the house might increase 

homeowners‘ confidence in further adopting energy efficient measures (Costanzo et al., 

1986). However, past investments could also discourage further adoption due to financial 

constraints or simply because homeowners may believe that they have sufficiently 

invested in energy efficiency. .  

Geographical location may influence homeowners‘ preference towards energy efficiency, 

for example, due to the influence of the local governments‘ actions to promote energy 

efficiency measures. In Sweden, municipalities provide information about energy 

efficiency, and the various municipalities‘ commitment to energy efficiency may vary 

(Nilsson and Mårtensson, 2003).  
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2.2 Personal factors 

Individuals‘ adoption behaviour may be influenced by demographic factors such as 

education, age, and income (Hawkins et al., 2007). Studies show that level of education 

influences the acceptance of energy efficiency measures (Held, 1983; Olsen, 1983; Ürge-

Vorsatz and Hauff, 2001). Compared to homeowners with higher educational 

qualification, homeowners with lower educational level are more likely to accept non-

investment measures than investment measures. Homeowners with lower educational 

level are more likely to accept non-investment measures compared to those with higher 

educational qualification (Poortinga et al., 2003).  

The influence of income on the adoption of energy efficiency measures varies across 

studies. Some studies showed that household income influences investment behaviour 

(Bartiaux et al., 2006; Black et al., 1985; Costanzo et al., 1986; Dillman et al., 1983; 

Herring et al., 2007), while other studies indicate no or a low correlation between income 

and investment behaviour (Barr et al., 2005; Ruderman, 1987; Ürge-Vorsatz and Hauff, 

2001).  

Homeowners‘ age influences their energy efficiency behaviour (Carlsson-Kanyama et al., 

2005; Mahapatra and Gustavsson, 2008). Older homeowners are less likely to adopt 

energy efficiency investment measures (Mahapatra and Gustavsson, 2008). This may be 

linked to their perceived uncertainty of whether the investment will be paid back during 

their occupancy in the house (Mahapatra and Gustavsson, 2008), less concern about the 

energy situation (Black et al., 2005), lower income (Poortinga et al., 2003), and lesser 

awareness about energy efficiency measures (Linden et al., 2006). However, Long (1993) 

reported that elderly (> 65 years) homeowners in America made significant investments 
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in energy efficiency measures. According to Barr et al. (2005), respondents with a mean 

age of 55 years were more likely to undertake both investment and non-investment 

energy efficiency measures than were younger age groups. 

Gender may influence environmental behaviour. A meta-review by Zelezny et al. (2000) 

of 13 studies showed that in approximately 70% of the studies, women were reported to 

show more pro-environmental behaviour than men. However, other studies reported no 

statistical relationship between respondents‘ gender and their energy efficiency behaviour 

(Poortinga et al., 2003; Sardianou, 2007).  

The presence of a technically skilled person in the home may influence investment 

behaviour as these people may have a better understanding of new technology (Costanzo 

et al., 1986) and be able to perform the installation (Darley and Beninger, 1981). 

However, the do-it-yourself consumers may be less inclined to purchase unfamiliar 

energy efficiency equipment if they perceive that the installation of such equipment is 

complicated or requires special skills (Mayer, 1996). 

Homeowners‘ awareness of energy efficient measures may influence the adoption of such 

measures as awareness of an innovation may lead to a need creation and its subsequent 

adoption (Rogers, 2003). A positive attitude towards the environment may encourage the 

adoption of energy efficiency measures (Barr et al., 2005; Darby, 2006; Palmborg, 1986), 

but several studies reported that such an attitude does not lead to reduced energy use 

(Gatersleben et al., 2002; Geller, 1981; Nilssen, 2003; Ritchie et al., 1981).   

The factors that influence homeowners‘ adoption of energy efficiency measures that are 

included in our analysis are summarised in Figure 1. In section 4, we present the 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V2W-4P5RW23-1&_user=651540&_coverDate=11%2F30%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=5713&_sort=d&_docanchor=&view=c&_acct=C000035178&_version=1&_urlVersion=0&_userid=651540&md5=0a7950ef66c550b2ade4f00fe02c9b7f#bib33
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empirical analysis to verify the influence of these factors on the adoption of energy 

efficiency measures by owners of detached houses in Sweden. 

 

 

 

 

 

Figure 1: Schematic representation of various factors that may influence homeowners‘ 

adoption of energy efficiency measures 

 

3. Methodology 

A national survey of owners of Swedish detached houses was conducted during May – 

July 2008 to understand their adoption of energy efficiency building envelope measures. 

The survey was conducted with the help of Statistics Sweden. Questionnaires were 

mailed to 3,059 homeowners who were selected by use of the stratified sampling method. 

The stratification was based on homeowners‘ geographical location (Nomenclature of 

Territorial Units for Statistics - NUTS region
7
), age, household income, and age of house. 

The response rate was 36%. The response rate for a postal survey may range from 10 to 

50% (Neuman, 2000), but a response rate of approximately 30% is considered to be 

reasonable (Owen and Jones, 1994).  

As a large number of homeowners did not respond, we conducted a non-response bias 

test. We compared the composition of homeowners in the total sample and those who 

                                                 
7
 The Nomenclature of Territorial Units for Statistics (NUTS) was established to provide a single uniform 

breakdown of territorial units for the production of regional statistics for the European Union. There are 8 

NUTS regions in Sweden.  
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responded with respect to their geographical location, age, household income and the age 

of the house. The only significant non-response bias found among these factors was 

within age, as homeowners above 55 years were slightly over-represented among the 

respondents.  

Homeowners‘ preference for specific measures to reduce energy use in their homes was 

inferred from their responses to two questions, viz., (i) What actions are you taking to 

reduce your household energy use? (ii) How much investment did you make in energy 

measures during the last two years (2006 – 2008) to reduce energy use in your house? 

Question (i) has six answer options: (a) do not know about any available opportunity, (b) 

turn off appliances when not in use, (c) turn off lights, (d) reduce thermostat setting, (e) 

implement building envelop measures (e.g., additional insulation) to reduce heat demand, 

and (f) others, where respondents could record the measure that they undertook. The 

open-ended option might have discouraged some homeowners from selecting the final 

category. However, 92% of respondents who selected the others category listed the 

measure they undertook.  

Respondents who might have made some investment in the recent past may not have 

marked the investment options (e and f) in question (i) because the question specifies 

current undertakings. Hence, we also utilised question (ii) to categorise the respondents. 

Question (ii) has six answer options: (a) no investment, (b) up to 5,000 SEK
8
, (c) 5,001- 

25,000 SEK, (d) 25,001 - 75,000 SEK, (e) 75,001 - 125,000 SEK, and (f) above 125,000 

SEK.  

                                                 
8
 1 Euro = approximately 10.3 Swedish kronor (SEK) in October 2009. 
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Based on the responses to the above questions, we classified the respondents into those 

who reported to have undertaken (a) only non-investment measures, e.g. turn off lights or 

appliances or reduce thermostat settings, and did not make any investment to reduce 

energy use during the last two years and (b) investment in energy efficiency measures 

including non-investment measures. The second group was categorised further into those 

who reported to have adopted (i) building envelope measures, (ii) other high investment 

oriented measures (above 5,000 SEK during the last two years), which could include the 

installation of new heating systems, e.g., heat pump, district heating or solar heating 

(respondents reported these if they thought that such options reduce household energy 

use) and (iii) other low investment oriented measures (up to 5,000 SEK during the last 

two years) such as low energy lamps. 

As homeowners may be least likely to undertake building envelope measures to reduce 

household energy use, we aimed to study the factors that influence the adoption of such 

measures. Hence, even if homeowners chose all of the options (non-investment, building 

envelope and other measures), we grouped them in the building envelope group. The 

categorisation of respondents is presented in Table 1. 

Table 1: Respondents‘ category 

Energy efficiency measure(s) adopted  Respondent category 

Non-investment measure(s) + no investment during 2006 – 2008 Only non-investment measure 

Building envelope measures  Building envelope measure 

Building envelope measures and/or non-investment measure(s)  

and/or Others 

Building envelope measure 

Non-investment measure(s) and/or Others + Investment > 5,000 

SEK during 2006 – 2008 

Other high investment 

Non-investment measure(s) and/or Others + Investment < 5,000 

SEK during 2006 – 2008 

Other low investment 
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To understand homeowners‘ attitude to reduce their household energy use, we asked the 

question How important is it to reduce household energy use? Respondents answered the 

question using a 5-point Likert scale (1 = not important, 5 = very important). Similarly, 

homeowners‘ awareness of the improved energy efficiency of building envelope was 

assessed using the question How well aware are you about the following energy 

efficiency improvement possibilities in building envelope? The choice included energy 

efficient windows and doors as well as insulation improvements in the attic, basement 

and external walls. Respondents reported their level of awareness on a 5-point Likert 

scale (1 = very low and 5 = very high). 

4. Results 

Based on the classification discussed in section 3, we found that approximately 43% of 

homeowners undertook only non-investment measures to reduce energy use in their 

buildings, while 21% of respondents choose building envelope measure(s), and the 

remaining 36% adopted other investment measures (Table 2). A small percentage (1.3%) 

of homeowners selected the ―do not know‖ option, and we consider them as missing 

values in our analysis. Approximately 90% of respondents, including those who adopted 

investment measures, reported to have undertaken non-investment measure(s). 

Table 2: Homeowners‘ choice of energy efficiency measures 

Respondent category % of respondents (N=1,045) 

Only non-investment measure 43.4 

Building envelope measure* 21.1 

Other high investment
+
 23.3 

Other low investment
+
 12.2 

*
 The category also includes homeowners who reported to have undertaken non-investment measures and 

adopted other investment measures (refer to Table 1).  
+
 The category also includes homeowners who reported to have undertaken non-investment measures (refer 

to Table 1).  
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4.1 Contextual factors 

The influence of contextual factors on homeowners‘ choice of energy efficiency 

measures is presented in Table 3. Respondents were more likely to adopt investment 

measures, especially building envelope measures, if they lived in an old house, 

experienced thermal discomfort (cold draft) or had made a past investment in the building 

envelope. For example, homeowners who replaced a building envelope component(s) 

during the last 2 - 10 years (1998 - 2006) were significantly more likely to adopt building 

envelop measures than those who did not replace any building component(s) during that 

period. Similarly, homeowners who lived in houses that were more than 25 years old 

were more likely to adopt building envelope and other high investment measures. 

Homeowners whose houses were more than 35 years öld were more likely to undertake a 

building renovation (replacement of external wall or basement) during the next three 

years (not shown in the table). 

Homeowners‘ perception of the energy cost also influences their choice of energy 

efficiency measures. Homeowners who perceived their annual energy cost as high were 

more likely to choose other high or low investment measures and less likely to adopt 

building envelope measures, compared to those who considered their energy cost as low. 

Results concerning respondents‘ location in the different NUTS regions show that 

respondents from Småland and the islands were more likely to adopt building envelope 

measures, while respondents in Central Norrland were more likely to make other high 

investment measures compared to respondents in other regions. Homeowners in 
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Stockholm county and North-Central Sweden were less likely to adopt building envelope 

and other high investment measures, respectively. 

Table 3: The influence of contextual factors on homeowners‘ choice of energy efficiency 

measures 

Factors 

 

Percent of respondents preferring a specific type of 

measure   

Only non- 

investment  

Building 

envelope  

Other high 

investment 

Other low 

investment 

Building Age
1
     

Up to 5 years                        (N =  66)                                             75.8  7.6 12.1   4.5 

6 – 15 years                          (N =  91)                                          62.6   9.9 13.2 14.3 

16 – 25 years                        (N = 175)                                          52.0 14.9 18.3 14.9 

26 – 35 years                        (N = 256)                                           36.7 22.3 28.5 12.5 

> 35 years                             (N = 437) 34.3 27.9 26.1 11.6 

Thermal comfort        

Cold draft problem
1
        

No                                         (N = 844)                                                           46.4 19.3 23.0 11.3 

Yes                                        (N = 182)   26.9 30.8 24.2 18.1 

Past investment     

Replaced building component(s) 

during last 2- 10 years
1,2

 

    

No                                         (N = 421)                                                      50.4 15.2 20.7 13.8 

Yes                                        (N = 264) 28.0 34.1 27.7 10.2 

Perceived annual energy cost
1
       

Low                                       (N = 253)   52.2 21.3 18.6   7.9 

Medium                                 (N = 411)   41.1 22.4 24.3 12.2 

High                                        (N =330)   37.3 20.6 26.4 15.8 

Location – NUTS region 
3
     

Stockholm County - 1           (N =  115)   48.7 14.8 20.9 15.7 

Eastern-Central Sweden - 2  (N  = 138)   46.4 15.9 27.5 10.1 

Småland and the islands  - 3 (N  = 122)   38.5 33.6 23.8   4.1 

Southern Sweden -  4             (N = 140)   41.4 25.7 20.0 12.9 

Western Sweden  - 5              (N = 128)   40.6 21.9 24.2 13.3 

North-Central Sweden - 6     (N = 131)   49.6 17.6 19.1 13.7 

Central Norrland - 7              (N = 141)   36.2 22.0 28.4 13.5 

Upper Norrland  - 8               (N = 120)   45.8 16.7 24.2 13.3 

N is the number of respondents  



The final version of this article appears in Energy Policy, 38, 2956-2963 (2010)  

doi:10.1016/j.enpol.2010.01.033 

34 

 

1 
Chi–square test showed a significant relationship (p ≤ 0.01) between the contextual factors and 

respondents‘ choice of energy efficiency measures.  
2 

Building envelope component includes external door, windows, attic, basement and external wall 

insulation.  
3
 Chi-square test showed a significant relationship (p ≤ 0.05). 

 

4.2 Personal factors 

The relationship between respondents‘ personal attributes and their choice of energy 

efficiency measures is presented in Table 4. A chi-square test shows that there was a 

significant relationship (p ≤ 0.05) between respondents‘ age, annual income, education 

and their choice of energy efficiency measures. Respondents who were younger and 

higher educated were more likely to adopt an investment measure than homeowners who 

were older (> 55 years) or had only a primary education. Homeowners in the age group 

of 36-45 were more likely to adopt building envelope measures, while older homeowners 

(> 65 years) were more likely to adopt other high investment measures. The majority of 

these older homeowners reported to have made an investment between 5,000 – 25,000 

SEK. 

Homeowners who had only a primary education were more likely to undertake only non-

investment measures than investment measures compared to those who had higher 

education. Homeowners with secondary education were more likely to adopt other high 

investment energy efficiency measures compared to those with university education.  

The proportion of homeowners who adopted building envelope measures increased as 

annual household income increased. However, the relationship was nonlinear for the 

adoption of other investment measures. For example, homeowners in the middle income 

group (150,000 – 450,000 SEK) were more likely to adopt other high investment 
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measures than homeowners who had an annual income over 600,000 SEK
9
. Lower 

income (<150,000 SEK) households were more likely to undertake only non-investment 

measures compared to other income groups. Homeowners‘ gender did not influence their 

preference towards an energy efficiency measure. 

 

Table 4: Respondents‘ personal attributes and their adoption of energy efficiency 

measures  

 
Factors Percent of respondents preferring a specific type of 

measure 

Only non- 

investment   

Building 

envelope  

Other high 

investment 

Other low 

investment 

Education
1
      

Primary                              (N = 300)                           50.0 14.3 22.0 13.7 

Higher secondary               (N = 338)                37.6 24.3 26.6 11.5 

University                          (N = 384)   42.7 24.8 20.8 11.7 
Age

1
     

< 36 years                           (N = 55)                                          38.2 23.6 21.8 16.4 

36-45 years                         (N = 174)                                  41.4 29.9 19.0   9.8 

46 -55 years                        (N = 221)                                   41.2 22.6 23.1 13.1 

56-65 years                         (N = 314)                                   44.6 21.0 20.1 14.3 

> 65 years                           (N = 262)  45.4 15.3 30.2   9.2 

Annual household income
1
 (1000 SEK)     

< 150                                  (N = 48)                62.5   8.3 18.8 10.4 

150 – 300                           (N = 205)          42.9 14.1 26.3 16.6 

300 – 450                           (N = 250)       40.4 21.6 26.0 12.0 

450 – 600                           (N = 259)            42.5 25.9 20.5 11.2 

> 600                                  (N = 236) 41.9 28.0 19.5 10.6 

Gender        

Male                                   (N = 755)                                         42.4 21.6 23.4 12.5 

Female                                (N = 271) 45.4 21.4 21.8 11.4 

Importance to reduce household energy 

use
1
 

    

Low                                  (N = 149)   61.1 12.8 17.4   8.7 

Medium                            (N = 212)   50.0 14.6 24.5 10.8 

High                                  (N = 651)   36.6 25.5 24.3 13.7 

                                                 
9
 No significant relationship was found between homeowners‘ income and their perception towards energy 

cost. 
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Skill - replaced at least one building 

envelope component by themselves
1
   

    

No                                      (N = 397) 47.1 18.9 22.9 11.1 

Yes                                     (N = 567) 37.4 24.7 25.4 12.5 

N is the number of respondents 
1
Chi–square tests showed a significant relationship (p ≤ 0.05) between respondents‘ personal attribute and 

their preference for energy efficiency measures.  

 

The majority (64%) of survey respondents gave high importance to reducing household 

energy use. Homeowners who considered it highly important to reduce energy use were 

more likely to adopt building envelope measures than those who reported low 

importance. The percentage of homeowners who reported to have adopted building 

envelope measures was higher among those who replaced at least one building envelope 

component themselves (skilled) in the past compared to those who did not do so.   

Table 5 presents the awareness of various energy efficiency building envelope 

components among the four groups of respondents. The results show that the respondents 

undertaking only non-investment measures were the least informed about energy 

efficiency measures in building envelope, while those who adopted building envelope 

measures were the most informed.  

Table 5: Level of awareness of various energy efficiency building envelope components 

among the four groups of respondents 

 

Building envelope 

component
1
 

Adopted energy efficiency measure 
Awareness level

2 
(% of respondents) 

High Medium Less 

Windows  Only non-investment   (N = 376) 50.3 25.3 24.5 

 Building envelope        (N = 207) 81.6 10.1 8.2 

 Other high investment  (N = 219) 64.8 16.9 18.3 

 Other low investment   (N = 111) 52.3 29.7 18.0 

Attic   Only non-investment    (N = 358) 45.0 26.8 28.2 

 Building envelope        (N = 198) 72.2 16.2 11.6 

 Other high investment  (N = 209) 57.9 19.6 22.5 
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 Other low investment   (N = 106) 50.0 34.0 16.0 

External wall   Only non-investment    (N = 363) 40.8 27.3 32.0 

 Building envelope        (N = 197) 59.4 22.3 18.3 

 Other high investment  (N = 207) 45.4 23.7 30.9 

 Other low investment   (N = 104) 42.3 31.7 26.0 

1
 The terms ―Window‖, ―Attic‖ and ―External wall‖ refer to energy efficient windows, the improvement of 

attic and external wall insulation, respectively. 
2 
Chi–square tests showed a significant relationship (p ≤ 0.01) between respondents‘ choice of energy 

efficiency measure and their awareness level of energy efficiency measures in the building envelope. 

 

5. Discussion and conclusion 

The majority of the Swedish homeowners considered it important to reduce their 

household energy use and adopted some measure for this purpose. However, most of 

them undertook non-investment measures, which supports earlier findings (Kempton, 

1985; Eurobarometer, 2007; Forstater et al., 2007). Among investment measures, 

homeowners were more likely to adopt other high investment measures.  

Respondents who thought that their energy cost was high were more likely to adopt an 

investment measure compared to those who thought their energy cost was low. An 

increase in energy price may encourage homeowners to actively search for measures to 

reduce energy use. Nässén et al. (2008) showed that specific energy use for heating in 

existing Swedish buildings decreased when there was an increase in energy prices. 

However, the low price elasticity of energy demand may reduce the effectiveness of 

reducing energy use by increased energy prices (Ürge-Vorsatz et al., 2007). Hence, the 

effects of increased energy prices on the rate of adoption of energy efficiency measures in 

the Swedish context may be further studied.  

The diffusion of energy efficiency investment measures will be self-sustained when there 

is a critical mass of adopters of such measures. To facilitate the formation of a critical 
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mass, potential adopters for investment measures could be targeted and motivated to 

adopt such measures. The target group could be younger, higher educated and higher 

earning homeowners. 

Homeowners who had an annual income of up to 150,000 SEK were the least likely to 

adopt investment measures, especially the building envelope measures. Providing 

investment subsidies may encourage these homeowners and others to adopt such 

measures. The low income homeowners were also more likely to have only a primary 

education compared to other homeowners. This aspect may be considered when 

communicating about energy efficiency investment measures to such homeowners.  

Homeowners in the annual income group of 150,000 - 300,000 SEK were more likely to 

adopt other investment measures than homeowners in higher income groups, but they 

were less likely to adopt building envelope measures. Moreover, homeowners who 

thought that their energy cost was high were more likely to adopt other high investment 

measures than building envelope measures. This may be because of homeowners‘ lack of 

awareness or perception that the adoption of building envelope measures is not cost-

effective, or because they think it is cumbersome to implement building envelope 

measures. The fact that the homeowners in the abovementioned income group adopted 

other high investment measures indicates that it may be possible to influence them to 

adopt building envelope measures as well. Effective communication to increase 

awareness of energy efficient building envelope measures especially its cost effectiveness 

may improve the adoption rate of such measures. Information stressing the loss incurred 

by homeowners who do not adopt energy efficiency measures may be more effective than 

focusing on the economic gains of such measures (Yates and Aronson, 1983). This is 
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because people are more likely to avoid a loss than to achieve a gain (Kahneman and 

Tversky, 1979). 

Economic incentives and proper information about the cost implications may induce 

homeowners to adopt the investment measures. There are a few policy instruments in 

Sweden that aim to increase the adoption of energy efficiency measures, but many 

homeowners may not be aware of such instruments. For example, our survey showed that 

approximately 71% of the homeowners who undertook only non-investment measures 

and 59% of the homeowners who adopted investment measures were unaware of any 

government measures to facilitate the adoption of energy efficiency measures in their 

houses. Homeowners who contacted municipal energy advisers
10

 were more likely to be 

aware of government support, but only a few homeowners ever contact such change 

agents (Mahapatra et al., 2009). Hence, improving the effectiveness of the existing policy 

tool may facilitate the dissemination of the government‘s support. 

The age of the building was found to influence homeowners‘ choice of energy efficiency 

measures. Owners of houses that were more than 25 years old were the most likely to 

adopt building envelop and other high investment measures. Furthermore, homeowners 

whose buildings were old, especially if the buildings were more than 35 years, were 

likely to undertake a major renovation such as replacing the external wall or changing 

their basement during the next three years. These homeowners may be encouraged to 

adopt energy efficiency measures in connection with renovation. They should be made 

aware of the energy efficiency improvement possibilities and the cost-effectiveness of 

such measures. This is because economic factors were found to be important in the 

                                                 
10

 All 290 municipalities in Sweden have an energy adviser service to provide free and impartial 

information on energy issues and energy policy instruments to those who seek information. 
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adoption of energy efficiency investment measures (Nair et al., 2009; Mahapatra and 

Gustavsson, 2008; Nilsson, 2004; Vinterbäck, 2000) and because the adoption of energy 

efficiency measures is often cost-effective during renovation (Janson, 2008).  

For specific type of household renovations, homeowners require permission of the local 

authorities. Homeowners who plan to conduct even a small renovation may contact local 

authorities for clarification about the regulation requirements. In connection with such 

clarifications, the local authority may provide information about the cost-effectiveness of 

measures to improve the energy efficiency of houses. Alternatively, the designated 

agencies in municipalities may contact all homeowners with houses older than 35 years 

and provide such information. However, the information should be provided in an 

unobtrusive manner, as otherwise the unsolicited advice/information may be considered 

inappropriate by its receptors (Goldsmith and Fitch, 1997).  

Homeowners who undertook only non-investment measures were less aware of various 

building envelope energy efficiency measures compared to those who adopted such 

measures. These homeowners may ignore information about energy efficient building 

envelope measures as such information might be inconsistent with their existing needs, 

attitudes and beliefs. Such a tendency is referred to as selective exposure (Rogers, 2003). 

To reach these homeowners, opinion leaders in the community who have adopted energy 

efficiency investment measure(s) may be helpful. These leaders may be provided with 

incentives to spread information about the benefits of the adopted measures. This may be 

arranged by inviting such opinion leaders to present their experiences in local 

workshops/exhibitions organised by the municipalities. Such local workshops/exhibitions 

may facilitate interpersonal communication, which is the source on which most 
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homeowners rely when planning to adopt energy efficiency measures (Nair et al., 2009). 

The strategy of providing diffuser incentives to opinion leaders would increase the 

observability of benefits of energy efficiency measures (Rogers, 2003).  

Economic and information policy instruments may be more useful than regulatory 

instruments to influence owners of existing houses to adopt building envelope measures. 

This is because regulatory instruments are limited in influencing the energy efficiency of 

existing houses as regulatory regimes are not retrospective
11

 (Bell, 2004). However, the 

new Swedish regulation, which mandates an energy declaration for new detached houses 

and existing houses to be sold, could also help in the diffusion of energy efficiency 

investment measures. The energy declaration by a certified energy auditor may include 

suggestions to improve the energy efficiency of buildings. Such suggestions may 

facilitate homeowners to adopt the measures. Homeowners are likely to interact with 

energy experts during the energy certification process, thereby improving their awareness 

of energy efficiency measures. Furthermore, the energy declaration could be used as a 

marketing feature by prospective sellers, wherein they may adopt energy efficiency 

investment measures. 

In Sweden, the geographical location of the respondents may influence the adoption of 

energy efficiency measures. Respondents from the Småland region were the most likely 

to adopt building envelop measures. Energy efficiency has also been widely promoted in 

this region since the mid-1990s. Many factors that explain the adoption of building 

envelope measures were favourable for respondents in Stockholm County, but these 

                                                 
11

 The Energy Performance Building Directive (EPBD) recast proposal states that existing buildings that 

undertake major renovation must meet minimum energy performance requirements, but it omits the earlier 

1000 m
2
 minimum floor area limit (The Council of European Union, 2009). Hence, in the future, the 

directive may cover existing detached houses as well. 
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respondents were less likely to adopt such measures. This indicates that there could be 

other factors that influence energy efficiency investment decision, for example, a busy 

lifestyle characterised by a high cost of time may result in less time to adopt energy 

efficiency investment measures. 
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Abstract 

External actors can influence potential adopters to adopt energy efficiency measures. 

In Sweden municipality energy advisers are one such actor group who provides energy 

advice and information to the end users. The success of energy advice service for 

improvement of energy efficiency of detached houses depends on homeowners‘ 

perception towards it. In this context we conducted a national survey of about 3000 

owners of detached houses through stratified random sampling method in 2008 summer. 

We found that majority of owners' of detached houses consider energy advisers as an 

important source of information. Furthermore, many homeowners who contacted energy 

advisers for advice had implemented the suggestions. However, only a few homeowners 

had contacted an energy adviser. Our findings suggest that it is beneficial to continue the 

energy advice service, but more efforts are needed to increase homeowners‘ awareness of 

and satisfaction with such services. 
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1. INTRODUCTION 

Substantial reduction in greenhouse gas emission from energy use in building can be 

cost-effectively achieved using existing mature technologies (Levine et al., 2007). 

Especially in cold climate countries like Sweden, where 60% of the energy used in the 

buildings (in 2008) is for heating and hot water purposes (STEM, 2009a), there is 

significant scope to reduce greenhouse gas emission through increased use of renewable 

energy, and installation of energy efficient heating systems and building envelop 

components.  Examples of energy efficiency measures include replacing oil and electric 

heating systems with biomass-based district heating or brine/water-based heat pumps, 

improved wall/attic/basement insulation, and installation of energy efficient windows. 

However, poor information is recognized as a barrier to improved energy efficiency or 

reduced emissions (Tietenberg and Wheeler, 2000; Levine et al., 2007). Homeowners, 

who are the potential adopters, may not adopt the energy efficiency measures due to lack 

of adequate and reliable information, lack of awareness (Owens and Driffill, 2008; Birner 

and Martinot, 2005), or the inability to interpret the available information. Kempton and 

Montgomery (1982) showed that residential consumers in USA systematically 

underestimated energy savings, because they lacked the ability to use the information to 

calculate and compare savings with investment. Furthermore, potential adopters may 

have difficulties in perceiving the performance and advantages of energy efficiency 

measures if the gains are not directly visible (Levine et al., 2007), are insignificant or 

delayed. Energy efficiency measures that reduce heating cost, for example by 20%, have 

a very small effect on the overall budget of the Swedish household, since heating 

expenses are about 3-4% of household expenditure (Nässén et al., 2008). Similarly, the 

benefits of greenhouse gas emission reductions are not directly visible and will occur in 

future.  

Informative policy instruments, which attempt to influence behavior by means of 

persuasion, communication, and transfer of knowledge (Vedung, 1998), could be useful 

to promote household energy efficiency measures (Abrahamse et al., 2007; Henryson et 

al., 2000; Lindén et al., 2006). For the majority of potential adopters interpersonal 
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sources like relatives, friends and peers are reliable sources of information on an 

innovation (Rogers, 2003; Arndt, 1967; Bearden et al, 1989; Midgley, 1983). However, 

expert advice may help the potential adopters to improve their decision confidence 

(Heath and Gonzalez, 1995), especially in difficult decision situations (Gino and Moore, 

2007) that are usually associated with adoption of unfamiliar and investment intensive 

energy efficiency measures. 

The European Union (EU) directive on end use energy efficiency and energy services 

(Directive 2006/32/EC) stipulates that the member states create a conducive atmosphere 

for the market operators to provide more information and advice to final customers on 

end use energy efficiency (The European Union, 2006).  In Sweden, the energy advice 

service is recognized as an important informational instrument to improve energy 

efficiency in Swedish detached houses (Statens Offentliga Utredningar, 2008). State 

sponsored energy advisers operate in all municipalities to provide free of cost 

independent advice to the end users on energy issues. Owners of detached houses are the 

main target group (Khan, 2006).  

During 2003-2007 the central government financing for energy advice service was 

approximately 40 million euros
12

 (Khan, 2006). However, the effectiveness of the service 

has not been adequately assessed.  Some studies indicated that Swedish homeowners give 

low priority to energy advisers while installing innovating heating systems such as 

brine/water-based heat pumps, district heating or pellet boilers (Mahapatra and 

Gustavsson, 2009; Mahapatra and Gustavsson, 2008; Nilsson, 2004; STEM, 2005; 

Vinterbäck, 2000). To improve the effectiveness of energy advice services, it is important 

to understand homeowners‘ awareness, perceived importance, and level of satisfaction 

with such a service. This study contributes to such an understanding through an analysis 

of homeowners‘ response to a mail-in questionnaire survey. 

In section 2 we present the energy advice service in Sweden followed by the 

conceptual framework of our analysis in section 3. The study methodology is outlined in 

                                                 
12

 1 euro = (ca) 10 SEK in March 2010. 



The final version of this article appears in International Journal of Consumer Studies  

(In press)   DOI: 10.1111/j.1470-6431.2010.00924.x 

 

49 

 

section 4 and results are presented in section 5. Finally, the paper ends with a discussion 

of the conclusions in section 6.  

2. ENERGY ADVISER SERVICE IN SWEDEN 

The energy advice service in Sweden is three decades old. This service was introduced 

as a reaction to the oil crises in the 1970s. Swedish government gave subsidies to 

municipalities for providing advice to homeowners on energy related issues. The 

subsidies were available from 1977 – 1986 and almost all municipalities had some form 

of energy advice service (Khan, 2006). In 1986, subsidies were withdrawn as the central 

government expected that the municipalities would support such services on their own 

(Swedish Government, 1996). But, majority of the municipalities withdrew the service. In 

1998 the subsidies for energy advice service were reintroduced by the central government 

under the local energy advice programme (LEAP). The potential clients for the 

programme were identified as households, local companies and local organization, but in 

practice single family detached houses were the main target group (Khan, 2006).  

The first phase of the LEAP programme was from 1998 – 2002 after which it 

continued for the second phase from 2003 – 2007. Under the ongoing phase from 2008-

2010, the central government grant covers at least a half time employment of an energy 

adviser, and the budget is allocated such that all 290 municipalities can avail the subsidy. 

The Swedish Energy Agency (STEM) manages the fund and provides training materials. 

Regional Energy Agencies coordinate the activities of energy adviser in their respective 

regions.  

There are large differences between different municipalities‘ attitude towards energy 

advice, whilst some take it very seriously, others consider it just to avail some extra 

monetary gain from the centre (Khan, 2006). They employ or hire energy advisers 

comprising both full time and part time workers. Their financial contribution to the 

energy advice service in 2008 varied from 10000 euro/year by 11% of the municipalities 

to 2000 euro/year by 48% of the municipalities (STEM, 2009b).  
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3. CONCEPTUAL FRAMEWORK 

Homeowners pass through number of stages while adopting an innovation and the 

process is termed as an innovation-decision process (Roger, 2003). The use of an energy 

advice service is akin to adoption of an innovation and therefore, we have adapted 

Rogers‘ (2003) innovation-decision model to analyze homeowners‘ implementation of 

advices of an energy adviser (Figure 1). First of all they must have a need for adopting an 

energy measure (Rogers, 2003). A need is created if homeowners recognize a problem 

(Hawkins et al, 2007) with existing energy use or installations. Once a need is felt, 

homeowners may seek information or advice due to lack of knowledge about available 

energy measures or to get assurance about their anchored decision. In this paper we have 

excluded these two steps from empirical analysis and concentrated on the following steps 

which are enclosed in dotted lines in Figure 1.  

 

Need for an energy measure 

Lack of knowledge/getting assurance about 

decision 

Awareness about energy advisers in their 

locality 

Consult an energy adviser 

Level of satisfaction with advice 

Implementation of advice 

Perception about importance of energy advisers 

 

Figure 1: Steps in homeowners‘ implementation of advice of an energy adviser. 

Homeowners may collect information on energy measures from mass media and 

interpersonal sources. However, the available information could be too little or irrelevant 
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for decision making. There could also be vast amount of information available about 

various energy measures, but individuals due to their limitation of acquiring, processing 

and retaining such information may find it difficult to choose the appropriate alternatives. 

Such a phenomenon is termed as bounded rationality. The difficulty of finding an 

appropriate solution is further enhanced due to constant changes in energy related public 

policies and market conditions (Henryson et al., 2000).  

In order to avoid information overload homeowners may consult one or more experts 

whom they perceive to provide situation-specific information. Such experts are often 

termed as ―change agents‖ because they change user behaviour in a direction as desired 

by the host organization (i.e the change agency). In Sweden, installers, construction 

firms, and energy suppliers may be called ―commercial‖ change agents as they are likely 

to promote their own products or services while advising the homeowners. Energy 

advisers are ―non-commercial‖ change agents on behalf of the state, providing 

independent information about several aspects of energy system.  Often homeowners 

consult the advisers to learn about heating systems, subsidies, and energy saving (STEM, 

2007).   

In any case, homeowners‘ willing to seek advice or collect information from change 

agents must be aware of existence of such actors in their locality. The ―locality‖ aspect is 

important because the local energy advisers are expected to be knowledgeable about the 

local context and it is easy for the homeowners to visit them to have a detailed discussion 

about energy related issues. Homeowners could use email or telephone service to consult 

an energy adviser located far away, but such contacts may be less effective for complex 

problems.   

Awareness is a necessary, but not a sufficient, condition for homeowners to contact an 

energy adviser. The probability of consulting a specific source of information depends on 

homeowners‘ perceived importance of that source. The trustworthiness of a change agent 

working without profit motive (e.g. state agents or non-governmental organizations) is 

higher than one (e.g. marketing agents) working for profit motive (Rogers, 2003). Hence, 

theoretically, energy advisers should be considered as a more important source of 
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information than commercial agents and therefore, more likely to be consulted and their 

advice be implemented.  

However, people may not seek (Gardner and Berry, 1995) or use expert advice if they 

have greater confidence on their own judgment skills (Gardner and Berry, 1995; Harvey 

and Fischer, 1997; Yaniv and Kleinberger, 2000). This could happen if homeowners who 

consult an energy adviser think that the quality of advice provided is not good. The 

negative feedback from unsatisfied homeowners may discourage potential adopters to 

contact an energy adviser. Furthermore, irrespective of a positive perception, 

homeowners may not actually consult an energy adviser if they do not have a need for 

implementing an energy measure. 

4. METHODOLOGY 

We used a questionnaire survey to learn about Swedish homeowners‘ perception of 

energy advice services. Several questions on this aspect were part of a comprehensive 

questionnaire to gather information about homeowners‘ attitudes towards implementation 

of energy measures. Stratified random sampling method was used and the survey was 

conducted through Statistics Sweden during May –July 2008. Sweden is divided into 8 

Nomenclature of Territorial Units for Statistics (NUTS) regions.  The questionnaire was 

sent to a sample of owners of detached houses in each of these NUTS regions. The total 

number of questionnaire sent out was 3059 and after two reminders the response rate was 

about 36%.  

Table 1: Composition of respondents in the original sample and those who responded, with 

respect to NUTS regions, age of house, age of homeowner, and annual household income. 

NUTS Region Age of house Homeowner’s age Annual household income 

 
SH1 

(N=3059) 

(%) 

RC1 
(N=1100) 

(%) 

Age 
group 

(years) 

SH1
 

(N=3013) 

(%) 

RC1
 

(N=1087) 

(%) 

Age 
group 

(years) 

SH1
 

(N=3039) 

(%) 

RC1
 

(N=1093) 

(%) 

Income 
group 

(1000 SEK) 

SH1
 

(N=3047) 

(%) 

RC1 
(N=1070) 

(%) 

Stockholm county 13 11 5 7 6 35 8 5  150 4 2 

Eastern-Central Sweden 13 13 6-15 10 9 36-45 21 17 150-300 15 14 

Småland and the islands 
of Öland & Gotland 

13 12 16-25 
20 17 

46-55 
23 21 

300-450 
22 22 

Southern Sweden 13 13 26-35 25 25 56-65 26 31 450-600 24 25 

Western Sweden 13 12 36-50 17 20 >65 22 26 > 600 35 35 

North-Central Sweden 13 13 >50 21 22       

Central Norrland 12 14          

Upper Norrland 12 12          

Total 100 100  100 100  100 100  100 100 
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1) SH = Sampled homeowners, RC= Respondent category 

Since about 64% of the original sampled homeowners (SH) did not return the 

questionnaire there could be a non-response bias, i.e. a particular category of the survey 

recipients did not answer. The higher the refusal rate, the more important it is to ascertain 

whether the refusals are concentrated in certain groups (Weisberg, et al., 1996). We 

compared the composition of sampled homeowners with those who responded regarding 

NUTS region, age, and income (Table 1). No significant non-response bias was found 

from the above comparisons, except that homeowners below 45 years were under-

represented and those older than 55 years were over-represented. 

5. RESULTS 

5.1 Awareness  

Homeowners were asked if there exists any energy adviser in their locality. About 

50% of respondents mentioned ―yes‖, while 7% indicated that there was no energy 

adviser service in their locality. About 43% of respondents reported that they ―did not 

know‖ about the existence of such services in their locality. There was a significant 

relationship between respondents‘ gender, age and geographical location and their 

awareness of energy advice service in their locality. Homeowners, who were male, aged 

more than 65 years, or lived in Central Norrland or North-Central NUTs regions were 

most likely to be aware of energy advice service in their locality, while homeowners who 

were female, aged less than 36 years and lived in Stockholm county were least likely to 

be aware. However, most respondents seem to be aware about the term ―energy adviser‖ 

as 936 out of about 1100 respondents answered to a question on their perceived 

importance of energy advisers as a source of information on energy measures (see Table 

2).     

5.2 Perceived importance 

Homeowners may consult various sources for collecting information prior to the 

implementation of energy measures. The extent to which a particular source will be 

consulted will depend on the perceived importance of such a source. Our survey (Table 2) 
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showed that respondents consider interpersonal sources as the most important source of 

information when deciding to adopt energy efficient building envelope measures. 

Construction companies and material suppliers, and energy advisers were the second and 

third most important sources for information. Mass media channels such as advertisement 

in TV and home-delivered leaflets are of least importance.  

Table 2: Homeowners‘ perceived level of importance of various sources of information 

on energy efficient building envelope measures 
Sources of information Total survey 

respondents 

Respondents who improved 

attic/wall/basement insulation, or installed 

a door/window during the last 2 years 

N
1
 Mean (S.E.)

2
 N

1
 Mean (S.E.)

2
 

Interpersonal sources  940 3.58 (0.037) 120 3.63 (0.116) 

Construction companies/material suppliers  916 3.45 (0.051) 120 3.52  (0.117) 

Energy adviser  936 3.25 (0.043) 121 3.08  (0.129) 

Installers/vendors 903 3.13 (0.041) 116 3.25  (0.109) 

Internet  887 3.04 (0.045) 116 3.22  (0.131) 

Energy supplier  902 2.98 (0.041) 117 3.03  (0.118) 

Vi i Villa magazine 924 2.86 (0.037) 120 2.86  (0.112) 

Visiting a house to see the installation   916 2.83 (0.046) 118 2.72  (0.137) 

Swedish Energy Agency 900 2.73 (0.041) 118 2.51  (0.114) 

Exhibitions 907 2.57 (0.040) 117 2.53  (0.104) 

Advertisement in TV 901 2.09 (0.033) 115 1.97  (0.089) 

Home delivered leaflets  888 1.98 (0.034) 115 1.86  (0.086) 
1) N = Number of respondents  

2) Mean values are based on homeowners‘ ratings using an ordinal scale of 1 = Not important, 5 = Very important. Hence, an 
information source with a higher mean value is of greater importance. S.E. = Standard error 

The level of importance attributed to various sources of information could vary 

between homeowners who implemented an energy efficiency measure and the total of 

survey respondents that include non-implementers. We investigated if such a difference 

existed compared to homeowners who in the recent past had retrofitted building envelop 

component(s) (doors, windows, or insulation). The results presented in Table 2 show that 

the ranking of the various sources of information, based on the mean values, was almost 

same among the general respondents and those who have installed a door or window or 

improved the existing attic/wall/basement insulation during the last two years, i.e. since 

2006. One exception is that, compared to the total survey respondents, respondents who 

installed a building component gave a higher priority to installers/vendors and the 

internet than to energy advisers. 
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Respondents having different socio-demographic characteristics accorded varying 

level of importance to the sources of information (Table 3). For example, respondents 

who lived in Stockholm county, university educated or aged less than 45 years gave 

significantly higher importance to interpersonal sources, compared to the average 

importance attributed to that source by the total respondents. Similarly, energy advisers 

were more important for respondents who were more than 55 years old or female. 

Construction companies or Swedish Energy Agency was equally important for all groups 

of respondents.    

Table 3: Respondents in different socio-demographic groups who attributed significantly 

greater importance to an information source compared to other groups of respondents
1
 

  Respondents’ socio-demographic characteristics 

Sources of information NUTS Regions Gender Education Age  Annual household 

income 

Interpersonal sources Stockholm county2    University <45 years   

Construction company          

Energy advisor  Female2    >55 years   

Installer    Basic    <300 kSEK 

Internet    University <45 years >450 kSEK 

Energy supplier  Female Basic     

Vi i Villa      <36 years   

Visit a house      >65 years   

Swedish Energy Agency          

Exhibitions  Male       

Advertisement in TV and newspaper      <36 or >65 years   

Home-delivered leaflets      <36 years   

1) Based on significance (p<0.05) of chi-square statistic of cross tabulation between the variables ―level of importance (5 levels 

regrouped to 3 levels)‖ of an information source and each ―socio-demographic‖ characteristics of the respondents (8 NUTS regions, 

2 gender groups, 3 levels of education, 5 age groups, 5 income groups). 

2)  Chi- square statistic was significant at p<0.08 

5.3 Consultation  

Homeowners may be aware of a specific source of information, to which they may 

also accord higher importance, but still they may not actually consult that source. We 

found that 25% of those who were aware of an energy advice service in their locality had 

ever consulted an energy adviser. Similarly, 48% of the survey respondents considered 
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that energy advisers were important source of information on energy measures, but about 

14% of the respondents had ever contacted an energy adviser (Table 4). A greater 

proportion contacted builders/material supplier/installers (about 21%) and supplier of 

heat (18%) than an energy adviser. Compared to the respondents in general, those aged 

more than 65 years or having an annual household income of 150-300 kSEK were more 

likely to consult a heat energy supplier (not shown in the table 4). University educated 

respondents were most likely to consult an energy adviser.   

Homeowners who actually made changes in their building envelop were more likely to 

consult a specific source than the total survey respondents (Table 4). The proportion 

increased by 10% for builders/material supplier/installers and 6% for energy advisers. 

Still, 70 to 80% did not consult these sources while retrofitting the building envelope.       

Table 4: Percentage of respondents who ever contacted an information source to learn 

about household energy issues 
Sources of information Total survey 

respondents 

Respondents who improved 

attic/wall/basement insulation, or installed 

a door/window during the last 2 years 

Builders/ material supplier/installers 21 (N
1
 = 225) 31 (N = 41) 

Energy adviser 14 (N = 156) 20 (N = 27) 

Heat energy supplier 18 (N = 191) 17 (N = 23) 

1) N = Number of respondents who contacted the respective source. Respondents might have consulted multiple sources.  

5.4 Level of satisfaction with suggestions 

Respondents‘ perceived importance and degree of contact with builders/material 

suppliers/installers was higher than for energy advisers. Also, the average proportion of 

respondents who thought that the suggestions of a particular source of information, to 

which they have consulted, were of good quality was higher for builders/material 

supplier/installers (62%) than for energy advisers (53%) (Table 5). There was no 

statistically significant relationship between respondents‘ perception of quality of energy 

advisers‘ suggestions and their socio-demographic characteristics. But, a greater 

proportion of respondents in Upper Norrland (69%), who consulted an energy adviser, 

thought that the energy adviser‘s suggestions were of good quality, while it was 62% in 

North-Central and 44% in Central Norrland regions.    
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Table 5: Percentage of respondents attributing quality of suggestions provided by various 

sources of information 
Sources of information Quality of suggestion 

Good Neither good nor bad  Bad 

Builders/ material supplier/installers (N
1
=225) 62.0 27.8 10.2 

Energy adviser (N=156) 52.5 34.6 12.9 

Heat energy supplier (N=169) 48.0 37.3 14.7 

1) N = Number of respondents who contacted the respective source and answered about quality of the suggestions 

5.5 Implementation of suggestions 

About 57% of respondents who consulted the energy advisers, especially those who 

thought that the suggestions were of good quality (69%), had implemented the energy 

adviser‘s suggestion. Those who did not implement the suggestions reasoned that the 

suggestions were not specific (21%) or already implemented (24%) or expensive to be 

implemented (33%). 

Energy advisers have an important role to provide information about government 

programs (e.g. subsidies) to reduce energy use. Therefore, we analyzed if the proportion 

of respondents aware about government programs varied between those who consulted an 

energy adviser and the respondents in total. We found that the awareness level about 

government programs was higher among the respondents who consulted an energy 

adviser (53%) than the total survey respondents (38%).  

6. DISCUSSION AND CONCLUSIONS 

The availability of information and provision of expert advice improves the judgment 

accuracy of the potential adopters (Sniezek et al, 2004; Yaniv and Kleinberger, 2000). 

Homeowners, who intend to implement energy measures, could collect information and 

seek advice from various sources, but energy advisers are important because they are 

mandated to provide impartial information without any profit motive. Our results showed 

that 14% of the respondents, or 20% of those who retrofitted their building envelop 

components during the last 2 years, contacted an energy adviser. A study in 2007 also 

showed that about 14% of homeowners would contact an energy adviser for heating 

system related information (Mahapatra and Gustavsson, 2008). However, STEM (2008) 
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reported that about 5% of Swedish adults contacted an energy adviser annually, but the 

report did not show how many have ever contacted an energy adviser.  

A significant percentage of homeowners did not consult energy advisers for 

information/advice. One of the reasons for this is low awareness about the energy adviser 

service. About 50% respondents were aware of the existence of such a service in their 

locality. However, STEM (2008) found that 35% of Swedish adults in 2007 were aware 

of availability of energy advice service in their municipality. Advertisements in mass 

media such as television channels, newspapers and internet would improve homeowners‘ 

awareness of energy advice service. Tailor-made messages targeted to homeowners of 

different demographic characteristics would be useful. Other options could be energy 

advisers giving presentations about their activities to employees in various organisations 

and to the public.  

About 25% of respondents who were aware of the energy adviser service and 25% of 

those who perceived energy adviser as an important source for information had ever 

contacted an energy adviser. Hence, even if respondents to our survey were aware of and 

gave importance to energy advisers, still they did not consult the advisers. This could be 

because they did not have a need for an energy measure. Nair et al. (2010) and Mahapatra 

and Gustavsson (2008) reported that more than 70% of the Swedish homeowners did not 

intend to implement building envelope energy measures or heating system measures, 

respectively.  

About 48% respondents and 58% of the Swedish adults (STEM, 2008) considered that 

energy advisers were an important or a very important source of information on energy 

measures. Hence, this service has a good potential to influence the homeowners to adopt 

energy measures. However, a greater proportion of respondents thought that builders, 

material suppliers or installers were an important or a very important source of 

information on energy measures. Mahapatra and Gustavsson (2008) also found that 

installers were the most important source of information on heating system. Builders, 

material suppliers or installers could be motivated to provide comprehensive information 

about energy measures, but they may not provide impartial information as they would be 
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interested in promoting their own product/service. Mass media channels may create 

awareness of energy efficiency measures, but they may be less effective to influence 

adoption decision as homeowners give less importance to such channels.  

Homeowners may give priority to builders, material suppliers or installers while 

implementing a building envelope measures because these actors visit homes and indulge 

in interpersonal communication, the most important source of information according to 

our results, to make on-the-spot assessment of homeowners‘ requirement of various 

energy measures.  

If energy advisers would make a home-visit, which is currently rare, they might 

improve their influence on homeowners. Furthermore, energy advisers could interact with 

builders, material suppliers or installers to improve the information to potential adopters. 

The Swedish Energy Agency encourages energy advisers to work on activities like 

meetings with community groups and electricians and other professionals who have 

influence on homeowners‘ adoption decision on energy measures so as to increase their 

client base (Khan, 2006). However, at present such interactions by energy advisers are 

not common (STEM, 2007).  

It is difficult to measure the impact of energy advice service with regard to adoption of 

energy measures due to several reasons. There are monitoring challenges as advice is 

provided to thousands of homeowners across Sweden. Furthermore, it is difficult to 

distinguish the influence of an information policy instrument from other instruments like 

subsidies (Khan, 2006). Nevertheless, extrapolating our survey findings, it may be 

roughly estimated that about 8% of owners of detached houses in Sweden were 

influenced by energy advisers. Out of 14% respondents who contacted them, 57% 

implemented the suggestions. STEM (2008) reported that about 9% of Swedish adults in 

2007 thought that the energy advisers‘ suggestion was important in their decision to make 
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energy related investments
13

. However, only 5% of the respondents to that survey 

actually consulted an energy adviser.  

One of the factors that influence the implementation of suggestions is customer‘s 

perception of the quality of the advice (Jungermann, 1999; Harvey et al, 2000).  

Typically, customers dissatisfied with a product or service engage in more interpersonal 

communication compared to satisfied customers (Hawkins et al, 2007), and exposure to 

unfavourable comments results in reduced purchase of a new product (Arndt, 1967). We 

found that about 53% respondents considered that the suggestions of energy advisers 

were of good quality. This mean 47% were less satisfied with the suggestions, which 

could be one of the reasons why 43% of respondents did not implement such suggestions. 

Steps might be taken to improve the knowledge and communication skills of energy 

advisers to provide better service to the homeowners. The current situation where there 

are no standard requirements for a person to be recruited as an energy adviser might be 

amended.  

Our conclusions are based on a mail-in questionnaire survey which might have several 

limitations. For example, only 36% of the randomly selected homeowners responded and 

therefore, there could be a non-response bias regarding variables that we have not 

investigated. Furthermore, if respondents were not clear about the questions (akin to all 

questionnaire survey), it was not possible to clarify which in turn might have influenced 

the responses. Results from mail-in surveys could be complemented with results from 

face to face interviews or focus group interviews which have the advantages of flexibility 

to obtain more detailed information and to explain unclear or complex questions. 

However, personal interviews may be less anonymous, costly, involve interviewer-

induced bias (interviewer‘s reactions may influence responses), stressful to both the 

interviewer and the respondents, and the respondent may not openly discuss with a 

stranger (Rea and Parker, 2005). 

   

                                                 
13

 16% of the (ca) 53% of the survey respondents (STEM, 2008), who purchased an energy product/service, 

(≈9% of the population) reported that energy advisers‘ suggestion was important or very important in their 

decision.  
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Abstract 

Municipality energy advice services were re-introduced in Sweden in 1998 as a way of 

advising end-users, mainly owners of detached houses, on energy issues. In this paper, 

we investigate Swedish energy advisers‘ perceptions of homeowners' awareness of the 

energy advice service and their perceived ability to fulfil homeowners‘ expectations. Our 

study is based on a mail-in questionnaire survey conducted in 2009 and distributed to 

municipality energy advisers in all municipalities in Sweden. About 66% of the energy 

advisers responded. The results show that 43% of the energy advisers thought that fewer 

than 50% of the homeowners were aware of the service and that mass media 

advertisements and presentations at different organisations could improve homeowner 

awareness. Energy adviser attitudes, job satisfaction, and the perception that the advisers 

possessed up-to-date and good knowledge and sufficient financial resources to execute 

their duties had a significant influence on their perceived ability to fulfil homeowner 

expectations. Increased training in technical aspects of energy measures and increased 

financial support were the two measures most widely suggested as a means to improve 

energy advisers‘ performance. 

 

Keywords: Energy adviser, perception, survey 

 

1. Introduction 

 

The lack of knowledge about energy efficiency measures and the difficulty of identifying, 

choosing and implementing such measures are some of the barriers to the adoption of 

energy efficiency investment (Sullivan, 2009). Informative policy instruments that 
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attempt to influence behaviour via persuasion, communication, and knowledge transfer 

(Vedung, 1998) could be useful in promoting household energy efficiency measures 

(Abrahamse et al., 2007; Ek and Söderholm, 2010; Henryson et al., 2000; Lindén et al., 

2006). The European Union (EU) directive on end use energy efficiency and energy 

services (Directive 2006/32/EC) stipulates that the member states should create an 

atmosphere that helps market operators to provide customers with additional information 

and advice regarding end use energy efficiency (The European Union, 2006).  

 

In several European countries, energy advice services for end users have been in 

operation for several years (a brief overview of such services in different EU-15 countries 

is presented in the appendix). In Sweden, the central government-funded municipality 

energy advice service was introduced in the 1970s, discontinued in 1986 in the majority 

of municipalities when government funding was no longer available, and reintroduced in 

1998 when funding became available again. All 290 municipalities currently have energy 

and climate advisers (henceforth ―energy advisers‖). A public investigation indicates that 

energy advice services are an important informational instrument that can be used to 

improve energy efficiency in detached Swedish houses (Statens Offentliga Utredningar, 

2008), which used about 32 TWh for space heating and hot water purposes in 2008 

(STEM, 2009a).  

 

However, there is a lack of empirical information regarding the effectiveness of energy 

advice services. The general conclusion based on previous European studies (Bartiaux, 

2008; Gram-Hanssen et al., 2007; Mahapatra et al., 2010; Palm, 2010) has been that 

energy advice services have had limited success. The reasons cited were mostly attributed 

to homeowner behaviour. However, it is possible that energy advisers‘ working 

conditions, knowledge and experience, communication skills, etc. also influence the 

degree to which they are able to fulfil consulting homeowners‘ expectations (see Section 

3). In this paper, we investigate the influence of such factors on the ―perceived‖ job 

performance of energy advisers in Sweden. Our study is based on a 2009 national survey 

of energy advisers wherein they reported their personal background, self-evaluated their 

job performance and working conditions, and suggested measures that they could use to 
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improve their services. Service employees (i.e., energy advisers) are in the best position 

to gauge the relationship between their performance and customer outcomes (Schneider 

et al. 1996). 

 

Bartiaux (2008) and Gram-Hanssen et al. (2007) report on a case study conducted in 

Belgium in which 40 households volunteered to conduct a complete energy assessment of 

their houses and at least half received recommendations regarding the energy efficiency 

of building envelope components and heating systems. The respondents trusted the 

engineers conducting the assessment, but they only implemented 11% of the proposed 

measures, mostly the easiest ones. The reasons that the respondents cited for this low 

implementation level were household attention to a number of other issues than energy 

issues, a lack of prior knowledge and experience with the recommended measures, a lack 

of social support for the proposed measures through interpersonal communication, 

perceived mismatching between the measures and household economics, and a perceived 

unattractive payback timeline associated with the measures (Bartiaux, 2008; Gram-

Hanssen et al., 2007).  

 

Based on interviews with several energy advisers and households in the Östergötland and 

Dalarna regions in Sweden, Palm (2010) finds that homeowners often phoned energy 

advisers with specific questions in mind: they wished to know about government 

subsidies or to acquire information about comparative assessments of energy-efficient 

technologies, mostly heating systems. Most homeowners simply wanted to receive 

confirmation that the decisions they had made were correct. Even customised information 

was infrequently implemented because the homeowners thought that the suggested 

measures were expensive or incompatible with the design of their own homes.  

 

Mahapatra and Gustavsson (2008) and Nair et al. (2010) find that a large proportion of 

Swedish homeowners consider energy advisers to be an important source of information. 

However, a national survey of 3000 Swedish homeowners (Mahapatra et al., 2010) shows 

that approximately 50% homeowners were unaware of the existence of energy advice 

service in their locality and that half of the 14% of homeowners who had ever consulted 
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an energy adviser were not satisfied with their suggestions (Mahapatra et al., 2010). A 

study by the Swedish Energy Agency reports that 35% of Swedish adults were aware of 

the energy advice services offered by their municipality (STEM, 2008a). 

 

Employee job performance is difficult to evaluate and can be measured in four ways: 

namely, via self-appraisal, peer appraisals, supervisory evaluations and consumer 

evaluations (Behrman and Perreault, 1982). Some authors in health science have 

criticised self-reports of performance on the grounds that they are less accurate or reliable 

(Davis et al., 2006; Eva and Regehr, 2005). A few studies from the service industry 

suggest that self-ratings of employee performance are less predictive of outcomes (e.g., 

customer satisfaction) than supervisor ratings of employee performance (Atkins and 

Wood 2002; Netemeyer and Maxham, 2007). However, based on a review of several 

studies, Schneider and White (2004) suggest that employee reports regarding 

organisational contexts in which customer service are offered are significantly related to 

both customer evaluations of service quality and customer satisfaction. Shahani-Denning 

(2000/2001) also find significant similarities between employee and customer ratings of 

service quality. Churchill et al. (1985; cited in Boshoff and Mels, 1995) conclude that 

irrespective of whether self-evaluation, managerial assessments, peer ratings, objective 

company data (such as sales figures), or objective company data with control for external 

factors are used, ―...there is no basis for generalizations that higher correlations can be 

expected when particular types of performance measures are used as criteria‖. Pym and 

Auld (1965) also find that self-ratings are valid and are highly correlated with more 

objective measures of performance.  

 

The process of assessing oneself is complicated and by its very nature may not be 

objective because of self-beliefs and values (Stewart et al., 2000) and information 

limitations on the part of the assessor (Carter and Dunning, 2008). Therefore, self-

evaluation should not be used to judge the 'accuracy' of the evaluation but should instead 

be used to help individuals analyse their work practices, which in turn may help to 

improve their performance (Stewart et al., 2000; Boshoff and Mels, 1995).  
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2. Energy advice service in Sweden 

 

Energy advisers are mandated to provide cost-free, non-commercial, independent advice 

on energy and climate issues to the general public, local companies and local 

organisations. Owners of single-family houses are the main target group (Khan, 2006). 

The Swedish Energy Agency outlines the role and responsibilities of energy advisers as 

that of ―convey[ing] locally and regionally adapted knowledge of energy efficiency, 

energy use and climate impact and the potential to transform energy use in buildings and homes‖ 

(STEM, 2010). Energy advisers are not allowed to conduct individual house inspections 

or to participate in building energy declaration (Swedish Government, 2008).  

 

The central government grant for energy advice services covers at least half-time 

employment for energy advisers. The Swedish Energy Agency (STEM) manages the fund 

and provides training materials. Regional energy agencies coordinate the activities of the 

energy advisers in their respective regions. The municipalities are responsible for 

organising the activities of the energy advisers. About 45% of the municipalities have 

their own energy advice service, whereas 31% municipalities have a cooperative 

relationship with other municipalities, 8% have agreements with consultants/energy 

companies and 16% use another form of arrangement (STEM, 2009b). The municipalities 

are also responsible for ensuring that the service is offered impartially and is not 

influenced by commercial interests. This means, for example, that the consultants and 

energy companies entrusted with offering energy advice must not sell/promote their own 

products or services (STEM, 2010).  

 

There are significant differences between the attitudes of different municipalities 

regarding energy advice; whereas some take it very seriously, others see it as just a 

source of additional funding from the centre (Khan, 2006). The financial contribution of 

the municipalities to the energy advice service in 2008 varied from 10,000 euro/year by 

11% of the municipalities to 2000 euro/year by 48% of the municipalities (STEM, 

2009b). 
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The Swedish Energy Agency conducts annual survey of the energy advisers to collect 

information about their organisational activities. The response rate is 100% because the 

municipalities can receive government funding only after they have responded to the 

survey. According to the survey findings for 2008, about 44% of the municipalities have 

a specific plan for energy advice services. Part-time employment is common for energy 

advisers; 28% of the advisers work 40 hrs/week, 38% work 20-39 hrs/week and the rest 

work less than 20 hrs/week. Usually it is the homeowners who contact the energy 

advisers, and the five most common issues mentioned, in descending frequency, are heat 

pumps, subsidies, pellets, energy declaration, and windows. Information provision over 

the telephone is the most common activity, but the advisers also arrange special 

informational meetings, take part in trade fairs and participate in other events. 

 

3. Conceptual framework 

3.1 Customer satisfaction and job performance 

 

Customer (homeowner) satisfaction is key to retaining current customers and attracting 

new customers through word-of-mouth communication (Netemeyer and Maxham, 2007; 

Rogers, 2003) and therefore is important for providers of both services and products 

looking to maintain success (Salwa et al., 2008; Lin, 2007). Typically, customers who are 

dissatisfied with a product or service engage in more word-of-mouth communication than 

do satisfied customers (Anderson, 1998; Hawkins et al., 2007). Hence, homeowner 

(dis)satisfaction with energy advice services should influence the number of homeowners 

consulting the energy advisers and should consequently affect the extent to which energy 

efficiency measures are adopted by households. However, awareness of energy advice 

services is a pre-condition for homeowner consultations with energy advisers. 

 

Job performance among service employees is key to customer satisfaction (Heskett et al., 

2003; Schneider and Bowen, 1985; Zeithaml et al., 1990; Zeithaml and Bitner, 2000). 

They are seen as performing a kind of act or play (Grove et al., 1998) in which their 

behaviours, emotions and attitudes affect service quality (Wilson and Frimpong, 2004). 
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The ―gap‖ model of service quality (Parasuraman et al., 1985; 1994) maintains that 

customers enter a service encounter with pre-established expectations regarding service 

quality and that if those expectations are not met, then they are likely to be unhappy with 

the quality of the services received (Boshoff and Mels, 1995; Schneider and White, 

2004). Therefore, we use the degree to which energy advisers fulfil consulting 

homeowners‘ expectations as an indicator of their job performance. More precisely, the 

indicator is energy advisers‘ ―perception‖ because they self-assessed their performance.  

 

 

3.2 Factors influencing job performance 

 

Several factors influence the job performance of employees (see Wilson and Frimpong, 

2004 for a detailed review). The most widely cited factor is employee job satisfaction 

because employees satisfied with their jobs tend to be cooperative, helpful, respectful and 

considerate. However, dissatisfied employees may still offer quality service due to the 

nature of their duties (e.g., health workers) or due to their positive attitude regarding 

service. Additionally, contractual obligations to employers may limit the degree to which 

dissatisfaction is reflected in customer service (Wilson and Frimpong, 2004). 

Furthermore, the relationship between job satisfaction and job performance is cyclical in 

nature (Schlesinger and Heskett, 1991; Heskett et al., 1994), and it is difficult to establish 

a cause-effect relationship (Judge et al., 2001). To analyse this complex cause-effect 

issue is beyond the scope of our study, and therefore, we treat ―job satisfaction‖ as a 

causal variable that affects the job performance of the energy advisers.  

 

Several personal or contextual factors, deemed moderator variables (Baron and Kenny, 

1986; Judge et al., 2001), influence employee job performance. We consider job 

satisfaction to be a personal moderator because employees can experience different levels 

of job satisfaction even if the contextual conditions are the same for all. Other personal 

moderators might include job attitudes (Wilson and Frimpong, 2004) age, gender 

(O‘Connor et al., 2000), and personality traits (Judge et al., 2001; Wilson and Frimpong, 

2004). These attributes are associated with employee empathy, reliability, courtesy, and 
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assurance, which serve as key indicators in customer evaluations of the perceived quality 

of services (Zeithaml and Bitner, 2000). In particular, because energy advisers address a 

wide range of energy-related issues, they must understand the technical, economical and 

environmental characteristics of several technologies. Hence, the educational background 

and prior experience of energy advisers may influence the degree to which they fulfil 

homeowner expectations.     

 

The contextual factors include the ―micro moderators‖ that exist within the organisational 

boundary and the ―macro moderators‖ that exist outside the organisational boundary: e.g., 

as part of societal norms and culture. Micro moderators, which create the service climate 

in which employees deliver service (Schneider and White, 2004), tend to exert a direct 

influence on employee job performance (Wilson and Frimpong, 2004) and are included 

in our analysis. The micro moderators in this context include organisational support from 

the Swedish Energy Agency and the employing municipalities, the level of financial 

support that advisers have in executing their duties, and job characteristics. A unique 

micro moderator in this context might be the type of problems/issues that particular 

energy advisers must confront. Homeowners might be interested in receiving reassurance 

about energy measures that they have already planned to implement or might want to 

learn about specific products or technologies (e.g., heat pumps). Unlike commercial 

actors, such as installers, energy advisers are not allowed to recommend/promote a 

specific brand of product or service.    

 

A list of personal and contextual micro moderators that might influence energy advisers‘ 

perception that they have fulfilled homeowners‘ expectations is depicted in Fig.1.   
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Fig. 1: Schematic representation of the factors that may influence energy advisers‘ self-

perceived ability to fulfil homeowners‘ expectations 

 

4. Methodology 

 

4.1 The Survey 

 

Our study is based on a 2009 mail-in questionnaire survey of municipality energy 

advisers employed in all municipalities in Sweden. The addresses were retrieved from the 

Swedish Energy Agency website. Questionnaires were sent to 232 energy advisers
14

 in 

April, and a reminder was sent after three weeks in May. About 66% of the energy 

advisers responded to the survey, but the response rates for specific questions were lower. 

Hence, we report the effective number of respondents (N) in reporting the results. The 

respondents‘ demographic distribution and their type of employment are presented in 

Table 1. 

 

 

 

 

 

 

                                                 
14

Some energy advisers are employed in more than one municipality. We avoided sending the questionnaire 

to same adviser multiple times when s/he was employed in multiple municipalities. Questionnaires were 

sent to 246 energy advisers, of which 14 had quit or were on a long leave of absence. 

Energy advisers‘ perceived 

ability to fulfil 

homeowners‘ expectations 

Personal factors 

 
Job satisfaction 
 

Attitude towards job 

 

Age 
 

Gender 

 

Level of education and field of 

specialisation 
 

Perceived level of knowledge 
 

Experience as energy adviser 
 
 

 

 

Contextual factors 

(micro moderators)  
Type of homeowners‘ queries 
 

Organisational support from 

1. Swedish Energy Agency 

2. municipality(ies) 
 

Financial resources available 
 

Type of employment  
 

Clear job description 
 

Functional freedom 
 

Work load 
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Table 1: Demographic and employment characteristics of energy advisers 

 
Age  

 

 

(N=141) 

Education  

 

 

(N = 152) 

Years of 

experience as 

municipal energy 

adviser 

(N = 149) 

Gender  

 

 

(N = 148) 

Type of employment 

 

 

(N = 149)  

< 30 year 8% Upper Secondary 32% < 5 year 46% Male 68% Full-time energy adviser 25%  

31 – 40 year 26% University  66% 5 – 10 year 27% Female 32% Part-time energy adviser 

with additional job in 
   

41 – 50 year 21% Others     2% > 10 year   27%   - own municipality 60% 

51 – 60 year 31%       - other organisation 15% 

> 60 year 13%         

 

The majority of the respondents were more than 40 years old, male, university educated, 

and employed part-time as energy advisers. About 46% of the respondents had less than 5 

years of experience as energy advisers at the time of the survey, but about 71% of the 

respondents had past experience in the field of energy and environment (not shown in 

Table 1). 

 

 

4.2 The questionnaire 

 

The draft questionnaire was sent for comments to two practicing energy advisers and one 

professional who had worked as an energy adviser in the past. Their suggestions were 

included in the final questionnaire, which consists of three sections. Section A solicits 

general information about the energy advisers: e.g., the name of each municipality for 

which they work, their type of employment (full-time, part-time; in the municipality 

and/or elsewhere), age, income, and education. The questions in section B address how 

many homeowners contact the energy advisers daily, what type of information they 

wished to receive (information on heating systems, windows, insulation, ventilation 

systems, white goods, hot water systems, subsidies, etc.), and the mode of 

communication used (telephone, email, or personal visits). This section also includes 

questions about how the energy advisers regularly updated their knowledge, their 

perceptions about homeowners‘ awareness of energy advice services and their thoughts 

about how to improve awareness levels. Section C includes statements about energy 

advisers‘ perceived ability to fulfil consulting homeowners‘ expectations, their 
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perceptions regarding working conditions, and what steps they could take to improve 

their service. The respondents were required to answer the questions using a 5-point 

Likert scale (1=fully disagree, 5=fully agree).  

 

4.3 Analysis 

 

The influence of different independent variables on energy advisers‘ perceived ability to 

fulfil homeowner expectations was analysed by cross-tabulating this dependent variable 

with each of the independent variables. However, the chi-squared statistics from specific 

cross-tabulations could not be relied upon because some cells in such cross-tabulations 

had expected number of observations fewer than 5. This was because the respondents‘ 

answers to many of the questions in Section C were highly uniform and were 

concentrated to a limited number of options in the 5-point Likert scale. For example, the 

pattern of responses to the statement ―I am getting full support from the Swedish Energy 

Agency‖ was very consistent: 86% of the respondents selected option 5 (―fully agree‖) or 

4 (―agree‖). To make the cross-tabulation results acceptable, we reclassified the 

responses to each statement into two categories (―agree‖ and ―disagree – neutral‖) by 

grouping options 4 and 5 and options 1, 2, and 3 together. We included the neutral option 

(3) with the negative options (1 and 2) because energy advisers as public servants might 

have reported socially acceptable answers and selected the ―neither/nor‖ option. If the 

neutral option were not included, the responses might have been on the negative side as 

in Graeff (2002) and Garland (1991).  

 

5. Results and discussion 

 
 

5.1 Energy advisers’ perception of homeowners’ awareness of their service 

 

For homeowners to be willing to seek advice or collect information from energy advisers, 

they must be aware of the existence of such actors in their locality. Approximately 43% 

of energy advisers thought that fewer than 50% of homeowners in their municipalities 

were aware of their services, whereas 11% of energy advisers thought that more than 

75% of homeowners in their municipality knew about the service. Almost all energy 
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advisers used some sort of mass media outlet to publicise the availability of their 

services. About 78% of the respondents had their own website, whereas 47% advertised 

through the local media, and 19% used direct mailings such as home-delivered leaflets. 

 

5.2 Influence of various factors on energy advisers’ perceived ability to fulfil 

homeowners’ expectations 

 

About 52% of the responding energy advisers agreed/fully agreed with the statement ―I 

am able to fulfil homeowners‘ expectations‖. That means that about half of the 

responding energy advisers did not perceive that they had fulfilled homeowner 

expectations. These results roughly correspond to those presented by Mahapatra et al. 

(2010), which indicate that 50% of the homeowners who contacted energy advisers were 

not satisfied with the suggestions made. This suggests that energy advisers were not over-

estimating their own performance. This also supports earlier studies (Schneider and 

Bowen, 1985; Schmit and Allscheid, 1995) that showed that employee perceptions of 

service quality are similar to customer perceptions. Below we analyse the influence of 

various personal and contextual factors on energy advisers‘ perceptions regarding the 

degree to which they fulfil homeowner expectations.  

 

5.2.1 Personal factors 

The influence of various personal factors on energy advisers‘ perceptions regarding 

whether they had fulfilled homeowner expectations is presented in Table 2. Energy 

advisers satisfied with their jobs were significantly more likely to perceive that they had 

fulfilled homeowner expectations than dissatisfied (and indecisive) respondents. About 

80% of the responding energy advisers were satisfied with their jobs, among which 60% 

thought that they had fulfilled homeowner expectations, whereas 27% of the 20% 

dissatisfied (or indecisive) respondents thought so. 
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Table 2: Percentage of respondents in various categories (with regard to personal factors) 

who agreed that they had fulfilled homeowner expectations 

Personal factors  N % of energy advisers’ who agreed with 

the statement “I am able to fulfil 

homeowners’ expectations” 
1
 

Job satisfaction
 
(how satisfied are you with your 

job as an energy adviser?)
2
 

     Satisfied                

     Dissatisfied – neutral       

Attitude towards job (energy advice job is 

stimulating and interesting)
2
 

     Agree 

     Disagree – neutral 

 

 

107 

26 

 

 

137 

14 

 

 

60 

27 

 

 

55 

21 

Years of experience as energy adviser   

< 5 years                68 43 

5 – 10 years              38 53 

> 10 years               38 66 

Age
2
   

< 40 years 48 35 

41-50 years 29 55 

>50 years 61 62 

Gender   

Male 98 58 

Female 48 42 

Level of education   

Upper secondary                49 53 

University             100 53 

Field of specialisation   

Technical              51 57 

Humanities and others    17 53 

 Natural Science         36 44 

Perceived level of knowledge (I have up-to-date 

and good knowledge as necessary to execute my 

duties)
2
 

  

Agree                 112 62 

Disagree - neutral         39 23 
 1
 The rest of the respondents either disagreed or had a neutral opinion for the statement.  

2 
Chi-squared statistics showed a significant relationship between this variable and the dependent variable 

at p<0.05.  

N = Number of respondents. 

 

A positive attitude towards one‘s job may cause increased commitment to that job, which 

may in turn result in increased efforts to achieve excellence at work (Abdullah et al., 

2007). The majority of energy advisers had a positive attitude towards their jobs, with 

91% agreeing that energy advice work is stimulating and interesting. These advisers were 

significantly more likely to believe that they were able to meet homeowners‘ expectations 

than were those who did not have a positive attitude about their work. 
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Job confidence may increase with years of experience, and this idea is also reflected in 

our study. Energy advisers with more years of experience were more likely to think that 

they had fulfilled homeowner expectations. The chi-squared statistics show that the 

relationship is statistically significant at p = 0.07.  

 

Older employees tend to report higher job satisfaction than younger ones (Warr, 1992), 

and satisfied employees may be likely to provide better quality service (Schlesinger and 

Zornitsky, 1991; Snipes et al., 2005). There is a significant relationship between energy 

advisers‘ age and their perceived ability to fulfil homeowners‘ expectations. Elder energy 

advisers were more likely to think that they fulfilled homeowners‘ expectations because 

they were likely to have more experience providing energy advice services, which might 

have increased their confidence on the job. 

 

Female energy advisers were more likely to think that they were unable to meet 

homeowners‘ expectations. This may be because only 27% of the female energy advisers 

were trained in technical matters in school (whereas 63% of male advisers were) or 

because they have fewer years of experience as energy advisers (48% of females vs. 72% 

of males have more experience) or because they were less likely to think that they had 

updated and sufficient knowledge as required for them to perform their duties as energy 

advisers (63% of females vs. 80% of males hold this view). 

 

We did not find any relationship between respondents‘ level of education and their 

perceived ability to fulfil homeowners‘ expectations. Energy advisers with upper 

secondary education were just as likely to fulfil homeowners‘ expectations as university-

educated energy advisers. However, energy advisers who specialised in technical 

education were more likely to think that they were able to meet homeowners‘ 

expectations.  

 

Notwithstanding their educational qualifications, energy advisers should feel confident 

that they possess the knowledge required to provide appropriate suggestions to 

homeowners. About 75% of the respondents thought that they possessed up-to-date and 
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good knowledge as required for them to perform their duties as energy advisers, and 

these energy advisers were significantly more likely to believe that they were able to 

meet homeowners‘ expectations.  

 

5.2.2 Contextual factors  

The majority of the responding energy advisers agreed that homeowners usually consult 

them to obtain information about heating systems, how to reduce household energy costs 

and government subsidies. About 53-55% of those energy advisers felt that they were 

able to fulfil homeowners‘ expectations (Table 3). Separately, about 76% and 70% of the 

respondents (N=151) reported that homeowners often enquire about investment cost and 

energy cost savings, respectively. Questions about technical details (38%) and 

environmental benefits (13%) were infrequently asked. Approximately 63% of the 

respondents agreed that homeowners usually contacted them to obtain assurance about 

measures that they had already planned to undertake. Among these respondents, 48% 

agreed that they fulfilled homeowners‘ expectations (Table 3). A very low proportion of 

energy advisers agreed that homeowners would consult them to learn about insulation, 

ventilation, energy efficient appliances or hot water use.  

 

No statistically significant relationship was found between responding energy advisers‘ 

level of agreement with statements regarding why homeowners consult them and their 

level of agreement with the statement ―I am able to fulfil homeowners‘ expectations‖. 

This means that the degree to which energy advisers fulfil homeowners‘ expectations was 

similar for questions regarding heating systems and (possibly unspecific) questions 

regarding how to reduce household energy costs or energy use.  
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Table 3: Number of energy advisers who agreed to statements regarding homeowner 

queries and percentage among them who agreed with the statement ―I am able to fulfil 

homeowners‘ expectations‖. 

Statements 

 

 

No. of energy advisers 

(out of 151 respondents) 

who agreed  

% among them who agreed 

with the statement “I am able 

to fulfil homeowners’ 

expectations” 
1
 

“Homeowners usually contact you to obtain…   

information about heating systems 137 53 

information on how to reduce energy costs 101 54 

information about subsidies 96 55 

reassurance about previously planned measures 95 48 

general energy-saving tips 70 59 

information about energy-efficient windows 49 57 

information about insulation 38 63 

information about ventilation with heat 

recovery 

24 62 

information about energy-efficient appliances 14 43 

information about hot water use 4 75 

 

Table 4 indicates the influence of other contextual factors related to organisational and 

job characteristics on energy advisers‘ perceptions regarding whether they had fulfilled 

homeowners‘ expectations. Energy advisers are employed by the municipalities, but the 

Swedish Energy Agency is the major financier. It also provides training and information 

materials to energy advisers. Hence, the perceived support of both organisations may 

influence energy advisers‘ job performance. About 86% of the respondents agreed that 

they received full support from Swedish Energy Agency, whereas 65% expressed similar 

views regarding the municipality employing them. Energy advisers who agreed that they 

had received full support from the Swedish Energy Agency or their municipality were 

more likely to think that they fulfilled homeowners‘ expectations than were those who 

expressed different levels of agreement. However, the relationship was statistically 

insignificant. 
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Table 4: Respondent energy advisers‘ level of agreement with statements regarding 

contextual factors related to organisational and job characteristics vs. their level of 

agreement with the statement ―I am able to fulfil homeowners‘ expectations‖ 

Energy advisers’ responses to statements regarding 

contextual factors 
% of energy advisers’ who agreed 

with the statement “I am able to 

fulfil homeowners’ expectations” 
1
  

I get full support from my municipality  

Agree (N=99) 57 

Disagree – neutral (N = 51) 45 

I get full support from the Swedish Energy Agency  

Agree (N = 130) 55 

Disagree – neutral (N=21) 38 

I have sufficient financial resources to effectively perform my 

duties
2
 

 

Agree (N=81) 64 

Disagree – neutral (N = 70) 42 

Type of employment
2
  

Full-time (N = 37) 

Part-time – with jobs in other organisations (N = 23) 

Part-time – with other jobs within municipality (N = 89) 

70 

48 

46 

I have a clear job description  

Agree (N=73) 56 

Disagree – neutral (N=77) 49 

I have functional freedom   

Agree (N=131) 54 

Disagree – neutral (N = 20) 40 

My workload is high  

Agree (N = 85) 54 

Disagree – neutral (N = 66) 50 
1
 The rest of the respondents either disagreed or had a neutral opinion regarding the statement. 

2 
Chi-squared statistics showed a significant relationship between this variable and the dependent variable 

at p<0.05. 

N = Number of respondents 
 

Energy advisers require financial resources to promote their service and to improve their 

skills. About 46% of the respondents were of the opinion that they were not receiving 

sufficient financial resources to work effectively. Respondents who felt that they received 

sufficient financial resources were significantly more likely to perceive that they were 

able to meet homeowner expectations.  

 

The type of employment may affect service quality. About 75% of the respondents were 

part-time energy advisers; most of them held other jobs in their municipalities. Part-time 

energy advisers were significantly less likely to believe that they had fulfilled 
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homeowners‘ expectations than were the full-time energy advisers. A higher proportion 

of full-time energy advisers reported having clear job descriptions and up-to-date and 

good knowledge, and they reported using a wider range of support tools (software, the 

Internet, and information from the Swedish Energy Agency, regional energy agencies, 

builders, and manufacturers).  

 

A clear job description may influence employees‘ perceived service quality, as found in 

the service sector (Mukherjee and Malhotra, 2006). Our results did not yield statistically 

significant results, but the trend suggests that energy advisers who thought that they had a 

clear job description were more likely to believe that they had fulfilled homeowners‘ 

expectations. About 47% of the respondents indicated that their job descriptions were 

clear. However, the majority of the energy advisers who worked part-time and had 

multiple jobs in their municipality did not agree.  

 

Functional freedom or autonomy may help employees to improve service quality by 

providing role clarity (de Ruyter et al., 2001). If employees feel that they have lost 

control of their work, they may be stressed and dissatisfied (Berry et al., 1990; Bowen 

and Lawler, 1992), which will influence their job performance. In Sweden, the district 

heating systems in many municipalities are owned by the municipalities, and in some 

municipalities, energy companies are responsible for energy advice service. In such a 

situation, energy advisers may find it uncomfortable to strongly advocate ways of 

reducing heat use because they may thereby be working against the interests of the 

energy company (Palm, 2006). However, about 87% of the respondents reported that they 

have functional freedom and that they were more likely to think that they had fulfilled 

homeowners‘ expectations.  

 

About 61% of part-time energy advisers (versus 43% of full-time energy advisers) agreed 

that they had a high work-load. This may be because part-time advisers have less time. 

We did not find work-load to significantly influence energy advisers‘ perceived ability to 

fulfil homeowners‘ expectations.  
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6. Measures to improve energy advice service 

 

The energy advisers participating in our survey reported what they thought could improve 

awareness of their services among homeowners (Table 5) and their job performance 

(Table 6).  

 

6.1 Measures to improve awareness about energy advice service  

 

Advertisements in mass media outlets such as television and newspapers are used to 

create public awareness of product and services. Repeated exposure to information may 

also foster particular attitudes and/or behavioural change (Hawkins et al., 2007). The 

highest percentage of responding energy advisers agreed that increased advertisements in 

mass media outlets should increase homeowners‘ awareness of energy advice services 

(Table 4). About 67% of the respondents thought that the Internet, which is increasingly 

used as a vehicle for disseminating information widely, could be used to inform people 

about energy advice service. A well-designed, up-to-date, and easily accessible website 

may attract some visitors, who in turn may inform others about the existence of the 

energy advice service. 

 

Table 5: Percentage of energy advisers who agreed that various measures could improve 

homeowners‘ awareness of their services  

 Possible ways of improving homeowners’ awareness of energy 

advice service 

% of respondents who agreed 

Increase advertisements in mass media outlets (N=147) 74 

Presentations to employees in various organisations (N=149) 71 

Internet-based advertisements (N=137) 67 

More open house meetings (N=149) 64 

Increased cooperation with energy supplier (N=144) 40 

Increased cooperation with installation company (N=145) 37 

Involvement in subsidy processing (N=147) 35 

More association with manufacturers (N=140) 32 

Increased cooperation with builders (N=142) 30 
 
N = Number of respondents
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The second most recommended strategy was for energy advisers to give presentations 

about energy issues to employees at various organisations. Environmental issues are 

increasingly receiving attention in Swedish organisations, and therefore, employees may 

be interested in listening to energy advisers. It might be easy for the energy adviser to 

convince organisations to arrange this type of presentation. Additionally, it might be cost-

effective for an adviser to talk to a number of people at the same time. This could be one 

reason why open house meetings were recommended by 64% of the respondents. 

However, advertisements in mass media outlets may be necessary to inform the public 

about such meetings.  

 

Energy advisers did not have a strong inclination to increase interaction with installation 

companies, manufacturers, or builders, whereas homeowners considered those actors to 

be important sources of information regarding building envelope energy efficiency 

measures (Nair et al., 2010) or heating systems (Mahapatra and Gustavsson, 2008). This 

may be because such associations could dilute the perceived neutrality and credibility of 

energy advisers in the eyes of homeowners and because whether an adviser‘s input is 

accepted may depend on his or her credibility as perceived by the individual requesting 

the advice (Harvey and Fischer, 1997). However, frequent local exhibitions/workshops 

organised by energy advisers, in which builders, installation companies, manufacturers 

are invited to talk and demonstrate their products, may facilitate useful interactions 

between the energy advisers and such private actors. To avoid the perception of bias, 

energy advisers might try to involve as many different manufacturers and vendors as 

possible. Additional resources might help energy advisers to organise such events more 

regularly.  

 

Energy advisers were asked if processing subsidies for energy efficiency investments 

would increase their awareness because homeowners interested in such subsidies would 

contact the energy advisers. However, about 65% of the respondents did not favour this 

idea.  
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6.2 Measures that energy advisers suggested would improve their performance  

 

Even though 75% of the energy advisers reported that they had good, up-to-date 

knowledge as required for them to perform their duties, an equal proportion of the 

respondents, especially those with a background in the natural sciences, agreed that they 

needed more education and training on technical aspects of energy measures as necessary 

to improve their performance (Table 6). Energy advisers rely a lot on information 

material provided by the Swedish Energy Agency, but they would like to have access to 

such materials on more specific topics (STEM, 2008b). Perhaps energy advisers believe 

that they have sufficient knowledge on energy issues in general but that more knowledge 

of specific technical issues would give them the confidence necessary to answer specific 

questions or suggest specific solutions to homeowners. A confident adviser may have an 

easier time encouraging a client to implement his or her suggestions (Price and Stone, 

2004; Sniezek and Buckley, 1995; Yates et al., 1996) because individuals consider the 

perceived expertise of an information source in implementing suggestions (Birnbaum and 

Stegner, 1979; Harvey and Fischer, 1997).  

 

Table 6: Percentage of energy advisers who agreed that various measures would help to 

improve their performance 

Measures that might improve energy advisers’ performance % of respondents who agreed
1
 

More technical education and training (N=150) 75 

More economic support (N=152) 70 

Standardised selection process for energy advisers (N=148) 63 

More training in communication (N=152) 57 

Contacting homeowners for follow-ups (N=150) 53 

More house visits (N=149) 50 

Feedback from homeowners (N=149) 48 

Performance-based incentives (N=150) 38 

1) Some respondents suggested that more than one measure might be helpful. Hence, the sum of the 

percentages may exceed 100%.  

N = Number of respondents
 

 

In addition to their level of competency, service providers‘ responsiveness, courtesy, and 

communication skills (Zeithaml et al., 1990) influence whether a client will accept advice 

(Gabbott and Hogg, 1998). Extra behavioural efforts on the part of service providers may 

make a client perceive the service as high-quality (Bitner, 1990; Bitner et al., 1990). 
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Hence, improved communication skills may help energy advisers to fulfil homeowners‘ 

expectations. About 57% of energy advisers agreed that more training in communication 

skills would improve their performance.  

 

Energy advisers who thought that they had received sufficient financial resources to 

effectively perform their duties were more likely to feel that they had fulfilled 

homeowners‘ expectations. However, about 46% of respondents reported that they did 

not receive sufficient financial support. Perhaps that is why increased economic support 

was the second most commonly suggested measure seen as potentially improving energy 

advisers‘ performance. Greater financial resources may help energy advisers to 

participate in skill enhancement programs, improve networking and interaction with other 

actors, and promote their services. Furthermore, increased economic support may allow 

more energy advisors to be employed full-time if financial constraints are a factor in the 

predominance of part-time employment in the majority of municipalities.  

 

Increased contributions from the municipalities would make advisers feel that their 

employer is interested in their activities. About one-third of the respondents reported that 

they did not receive enough support from their municipalities. Such perceptions may 

influence employees‘ efforts to build relationship with their clients and consequently 

their ability to meet client expectations (Herington and Weaven, in press; Payne et al., 

1998).  

 

There are no general selection criteria for the employment of the energy advisers. The 

advisers recruited have different educational backgrounds and varying years of 

experience. About 63% of the energy advisers were of the view that a selection process 

based on some standard criteria could improve the service further. It might also be easier 

to prepare information materials and provide training for energy advisers with similar 

backgrounds.  

 

The services currently offered by energy advisers are mainly offered over telephone, 

providing a remote personal encounter (Gabbott and Hogg, 1998). Customers may not 
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prefer this approach over face-to-face interaction (Durkin et al., 2003; Gremler and 

Gwinner, 2000), and face-to-face interaction also reduces the potential for 

misunderstandings (Kraut et al., 2002). The majority of energy advisers (91%) also 

agreed that face-to-face interaction is an effective to provide advice. About 50% of the 

responding energy advisers agreed that their performance would improve if they visited 

the homeowners. Through home visits, they would be able assess each house and make 

suggestions specific to the homeowners‘ situation. Palm (2010) reports that homeowners 

prefer energy adviser suggestions based on home visits. However, 45% respondents 

never make home visits, although the rest make home visits at least once per year. To 

improve the energy advice service, energy advisers may be encouraged to make home 

visits. The existing regulations prohibiting them from making building inspections might 

also be amended.  

 

Advisers could contact homeowners who had consulted them to determine why advice 

was or was not implemented. About 53% of the energy advisers agreed that such follow-

up communication would improve their services. Another option suggested by 48% of 

the energy advisers was to encourage the consulting homeowners to provide feedback 

about their services. Just 38% of the respondents thought that performance-based 

incentives would improve the quality of their services.  

 

7. Conclusions 

 

In this paper, we have analysed Swedish energy advisers‘ perceptions of homeowners‘ 

awareness of their service, the factors that influence energy advisers‘ performance and 

their suggestions regarding how the efficacy of energy advice services in Sweden might 

be increased. About 43% of energy advisers who responded to our survey thought that 

more than 50% of the homeowners in their municipality were unaware of their services. 

Hence, there appears to be significant scope for improving homeowners‘ awareness of 

energy advice services. The majority of the respondents were of the opinion that 

increased advertisements in mass media outlets, presentations to employees in various 
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organisations, and more open house meetings would improve homeowners‘ awareness of 

energy advice services.  

 

About 50% of the energy advisers thought that they were unable to fulfil the expectations 

of the consulting homeowners. This means that the quality of energy advice services can 

be improved. Interpersonal communication between satisfied/dissatisfied consulting 

homeowners and other homeowners who may be interested in or may thus be made aware 

of energy advice services may influence the overall success of such services in Sweden. 

Hence, efforts should be made to fulfil consulting homeowners‘ expectations. The type of 

homeowner queries received cannot be controlled, and such questions did not 

significantly influence energy advisers‘ perceived ability to fulfil homeowner 

expectation. However, energy advisers‘ age, their attitude towards their work, their 

perceived knowledge level, their type of employment and their perceived financial 

support had a significant influence on their perceived ability to meet homeowners‘ 

expectations. These issues could be addressed to improve the performance of energy 

advisers. 

 

Older energy advisers were more likely to fulfil homeowners‘ expectations, but it may be 

difficult to recruit older employees. On the other hand, younger employees will bring 

new ideas to the table and gain experience over time. Similarly, about 90% of advisers 

have a positive attitude towards their work, and therefore, measures intended to actively 

promote positive attitude is not truly necessary. However, increased training in technical 

aspects of energy measures, as suggested by a very high number of energy advisers, 

should improve their knowledge and confidence level. Training in communication skills, 

as suggested by 57% of the respondents, would also improve the confidence level of the 

energy advisers – and a confident energy adviser is more likely to fulfil homeowners‘ 

expectations.  

 

The majority of energy advisers suggested that increased financial support would 

improve their performance. Such support should help the energy advisers to further 

promote their services among homeowners and to participate in training programs, 
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seminars and conferences that would help them to gain knowledge and develop 

networking with other actors. Increased financial support could also be used to recruit 

more full-time energy advisers who would be more likely to think that they could fulfil 

homeowners‘ expectations. However, more than 60% of the respondents suggested that 

there should be a standardised selection process used to recruit energy advisers.  

 

Increased support from the municipalities would alleviate energy advisers‘ negative 

perceptions regarding this issue. In 2008, about 80% of the municipalities invested less 

than 5000 euros/year
15

 (STEM, 2009b), whereas the central government subsidy for each 

municipality is at least 28000 euros/year as of November 2010 (STEM, 2009c).  

 

Our conclusions are based on a mail-in questionnaire survey, and this has advantages and 

disadvantages. For example, about 34% of the energy advisers did not respond, and 

therefore, non-response bias might be a problem. We have not investigated this issue. 

Furthermore, instances in which the respondents may not have entirely understood the 

questions, as in all questionnaire surveys, might have influenced the responses. The 

results of mail-in surveys could be complemented with the results of face-to-face 

interviews or focus group interviews, which can allow researchers to obtain more detailed 

information and to explain unclear or complex questions. However, personal interviews 

may be less anonymous, may be costly, may involve interviewer-induced bias 

(interviewer reactions may influence responses), may be stressful for both the interviewer 

and the respondents, and may make the respondent uncomfortable fully disclosing his or 

her opinion because he or she may not want to openly discuss such matters with a 

stranger (Rea and Parker, 2005). 
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Appendix 

Energy advice service for homeowners in EU-15 countries (Source: SErENADE, 2007) 

Country Major medium of 

advice 

Organisation involved in 

energy advice 

Comments 

Austria Telephone, face-to-

face, house visit  

Regional agencies and 

regional administration 

Free telephone advice; however, homeowners 

may have to pay a nominal fee for home 

visits. The funding for the service comes 

from the regional governments. 

Belgium Telephone, face-to-

face, house visit, 

email 

DGTRE in Wallonia Region, 

The Brussels Energy Agency 

in Brussels region 

The funding comes mainly from the 

government and regional administration. 

Denmark Telephone, mail, 

email 

Energy Services 

(Energitjenesten) Centres, 

Electricity Savings Trust 

The energy services centres are coordinated 

by National secretariat. Funding is not from 

state budget, but from levy on energy use. 

Finland   No specific energy advice service, though the 

national energy agency, regional energy 

agencies and one local agency provide some 

advice. 

France Telephone, face-to-

face 

National energy advice centres 

coordinated by the ADEME 

Energy advice is free of charge, and the 

funding is mainly from the government 

through the ADEME 

Germany Hotline, face-to-face Regional energy agency, 

German Energy Agency 

(DENA), German consumer 

organisation, BAFA 

Free hotline available 24 hrs a day by DENA. 

For a specialised consultation with a German 

consumer organisation, the client has to pay 5 

€. For a detailed advice that includes a report 

from BAFA, the owners of detached houses 

must pay 175 €. 

Greece   No specific programme providing a free 

energy advice service for homeowners. 

Ireland Telephone, email Mainly by national energy 

authority 

Main focus is on promotional activity and 

information rather than customised advice. 

Italy  Provincial administration and 

regional energy centres, 

energy utilities, consumer 

associations 

No single coordinated energy advice service. 

Luxembourg Face-to-face, house 

visit, telephone 

phone, email 

Non-profit organisations viz., 

ASBL Reidener, The Agence 

de l‘Energie Luxembourg 

Energiatelier 

Some communities have their own energy 

adviser services. 

The 

Netherland 

Telephone, email National information centre- 

Milieu Centraal 

15 c€/min 

 

Portugal Website Local energy agency Not structured. Telephone advice is possible, 

but the relevant telephone numbers are not 

advertised. 

Spain Free phone number, 

website 

Institute for Diversification 

and Saving of Energy 

(Instituto para la 

Diversificación y Ahorro de la 

Energíaor, IDAE)  

No nationally available service with direct 

contact with households. 

 

Sweden Telephone, mail, 

email 

Municipalities 

 

Funding is mainly from the central 

government.  

United 

Kingdom 

Telephone, 

brochures, computer 

generated reports 

Fuel suppliers, Energy saving 

trust (EST) 

Utilities are obligated by law to provide free 

advice on matters pertaining to energy 

efficiency. EST provides advice through a 

free telephone hotline. 
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Implementation of energy efficient windows in Swedish detached houses 

1. Introduction 

About 85% of detached houses in Sweden are more than 30 years old (SCB, 2009). Windows 

in many of these buildings are old and have low energy efficiency as these buildings were 

built before energy efficiency was emphasized in the building codes in 1977
16

. Hence, there 

is a large potential to install energy efficient windows in existing detached houses. 

Approximately 15 TWh of heat is lost annually through windows of Swedish residential 

buildings (Werner, 2007). Windows have a long life span and therefore, the type of windows 

installed will influence the energy use of the buildings for a long time. Investment in energy 

efficiency measure is often cost effective during renovation (Janson, 2008). When an existing 

building component like window has to be replaced, it is cost efficient to replace it with an 

energy efficient component (Uihlein and Eder, 2010). This reduces the primary energy use 

and helps mitigate climate change. 

A Swedish national survey of owners of detached houses in 2008 showed that only about 

30% of homeowners intend to replace their windows over the next 10 years (Nair et al., 

2010). Adoption of new windows may be influenced by factors like energy cost reduction,  

investment cost, condensation issue (refer section 2.1 for a brief information about 

condensation issue in windows) and durability. Homeowners‘ final choice of the windows is 

also influenced by external factors such as investment subsidies and marketing efforts of 

sellers. To promote energy efficient windows (U-value ≤ 1.2 W/m
2
K) in detached houses, the 

Swedish government had provided investment subsidies of 30% of the investment cost 

exceeding 10,000 SEK, with a maximum ceiling of 10,000 SEK per household.  

Swedish homeowners consider sellers/installers as one of the most important sources of 

information in their adoption of energy efficient building envelope components (Nair et al., 

2010). The seller‘s/installer‘s influence in turn is guided by their awareness, attitude, 

expertise as well as their respective interests.  

The objective of this study is to better understand homeowners‘ adoption of energy efficient 

windows in particular the influence of investment subsidy and the role of window 

sellers/installers.  

                                                 
16

 In 1977, the supplement of Swedish building code (SBN75) stipulated the U-value of windows as 2.0 W/m
2
K 

(Smed, 2004). Compared to many other countries, energy efficiency standard for windows is quite advanced in 

Sweden. For example, in Sweden a window is ―considered‖ energy efficient if its U-value is ≤ 1.2 W/m
2
K 

(Kiss, 2009), while in Denmark the U-value for such windows is ≤ 1.8 W/m
2
K (Avasoo, 2007).  
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2. Theoretical Framework 

A typical purchase decision passes through four stages, viz., need creation or problem 

recognition, collection of information, selection of an installation and post purchase 

evaluation. A schematic representation of the decision making process is given in Fig 1. 

  
Fig 1: Schematic representation of different stages of decision making in homeowners adoption of a 

energy efficient window (Adapted from Hawkins et al., 2007; Mahapatra and Gustavsson, 

2008). 

 

Demographic variables like age, income and education may influence potential adopters‘ 

decision process (Hawkins et al., 2007). Socio-demographic may be useful in understanding 

environmental knowledge and attitude of individuals (Diamantopoulos et al., 2003), and 

therefore, for market segmentation of potential adopters (Wedel and Kamakura, 2000). Still, 

there is no conclusive evidence on relationship between demographic factors and green 

consumer behaviour (Peattie, 2001; Diamantopoulos et al., 2003; Wagner, 1997). Some 

Swedish studies have shown that there exist a relationship of homeowners‘ age and their 

energy efficient behaviour (Carlsson-Kanyama et al., 2005; Mahapatra and Gustavsson, 

2008a, 2008b). 

2.1 Need for a new installation 

Need for a new system/product is triggered by recognising a problem with the existing 

system/product. The consumer will engage in activities to avoid the problem or reduce its 

effect. The homeowners‘ decision process to purchase new windows begins when the 

homeowner identifies some problem with their existing windows, and window replacement is 

usually the culmination of the problem recognition. A need for replacement of an existing 
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window arises due to several factors like the physical condition of windows, cold air ingress 

from windows, sound insulation, and difficulties in cleaning windows. Homeowners who felt 

a need for new windows could select either conventional windows or energy efficient 

windows. A need for an energy efficient window may be guided by the desire to reduce 

energy use. But homeowners may not buy energy efficient windows due to low awareness 

and/or perceived high investment cost, or condensation issues associated with such windows.  

Condensation in energy efficient windows is a phenomenon of water condensing in the 

external surface of windows, which decreases the visibility. The external condensation 

usually occurs for windows which have a U-value 1-1.3 W/m
2
K and the phenomenon is more 

frequent for lower U-value windows (Bülow-Hübe, 2001). The condensation is visible mostly 

during morning (Bülow-Hübe, 2001). As simulated by Werner (2007), the day time 

condensation hours in a window with a U-value of glazing of 1.0 W/m
2
K, and emissivity of 

0.85 (as for uncoated glass) at a northern Swedish city of Luleå was 114 hours. The day time 

condensation hours could be reduced significantly by lowering the emissivity from 0.85 to 

0.3 by tin oxide coating (Werner, 2007). Though external condensation is a sign of well 

insulated windows, for many people it is disturbing and unacceptable and they may refrain 

from buying such windows (Werner, 2007). Window manufactures are also apprehensive to 

sell low U-value windows (Bülow-Hübe, 2001). 

2.2 Collection of information 

Prior to a purchase decision consumer usually entails external information search which may 

include accessing information from mass media, interpersonal sources, sellers/installers as 

well as from neutral sources like municipal energy advisers. Though mass media could 

improve consumers‘ awareness about various products their ability to influence consumers‘ 

adoption decision is limited to a small group of innovators and early adopters (Rogers, 2003). 

Home delivered brochures and leaflets were less important for homeowners in their adoption 

of energy efficiency measures (Nair et al., 2010). For high investment decision process, 

customers may undertake extensive or limited external search for information (Hawkins et 

al., 2007). Customers preference for extended or limited external information search depends 

on their perception of the costs associated with the search (Hawkins et al., 2007), or due to 

one‘s ability and motivation (Bettman and Park, 1980). The external advice may help the 

potential consumer to clear their thoughts about the decision and improve their decision 

confidence (Heath and Gonzalez, 1995). Individuals give more weightage to advice while 

performing a difficult task compared to an easy one (Gino and Moore, 2007). Hence the 
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relevance of advice may be more pronounced in the adoption of investment intensive 

measures like windows. 

 

2.3 Purchase Decision 

Once homeowners perceive to have sufficient information about the product and alternative 

solutions, they may decide to choose an option which best fit to their needs. The purchase 

decision is preceded by alternative evaluation stage. Various factors like condensation issue, 

energy cost saving, sound insulation, energy cost savings, durability and easiness to clean the 

windows could influence homeowners‘ adoption of new windows.   

 

2.4     Influence of contextual factors 

2.4.1 Window sellers/installers 

Trustworthiness of a organization working without profit motive (e.g. state agents or non-

governmental organizations) is higher than one working for profit motive (e.g. marketing 

agents) (Rogers, 2003). However, previous studies in Sweden have shown that homeowners 

consider private actors like sellers/installers as an important source of information when 

adopting heating system (Mahapatra and Gustavsson, 2008), energy efficient building 

envelope components (Nair et al., 2010), and pellet heating system (Vinterbäck, 2000). This 

may be because of homeowners‘ perception that the sellers/installers are experts in their 

respective field and/or they usually make house visits to make on the spot assessment of the 

requirements of their prospective clients. Actors like window sellers/installers may take 

problem-solving approach in selling rather than selling on a standardized basis. Moreover 

homeowners may consider the window sellers/installers in their locality as one among 

themselves. The influence of an expert salesperson is high in such circumstances (Woodside 

and Davenport, 1974).  

Seller‘s/installer‘s advice to customers would be guided by their expertise, interests as well as 

their perception of customer requirements. The retailers who sell a variety of goods may 

provide more neutral information than one who sells the product of a specific company, as 

they are more concerned with customers‘ satisfaction with a product rather than selling a 

particular brand (Beales et al., 1981). However, they may recommend a specific 

product/brand as part of their marketing strategy. Window sellers/installers are the closest 

link to customers in the demand chain, and could exert a strong influence on consumer‘s 

choice.  
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2.4.2  Investment subsidies 

In high investment adoption decision, economic policy instruments like investment and tax 

subsidies could speed up potential adopters‘ purchase decision especially when the problem 

is not pressing enough for them to take an immediate action. Grants and low-interest loans 

were effective in Sweden (Schipper et al., 1985) and in the United Kingdom (Boardman, 

2004; Shorrock, 2001) but subsidies for wall insulation had a limited impact in the 

Netherlands (Kemp, 1997). One drawback of investment subsidy is the free riders, i.e 

customers who are benefited by a program even though they would have installed the 

measures without the program (Train, 1994). According to a study on a sample number of 

Dutch firms that availed investment subsidies to install energy efficient technologies, 51-72% 

of the firms were reported to be free riders (Aalbers et al., 2004). The free rider fraction in a 

subsidy program varies depending on the technology. Subsidies on technologies that have 

many free riders are not cost effective (Aalbers et al., 2004). However, it is difficult to know 

ex-ante who will implement energy efficiency measure without the support of subsidy, and 

usually free riders are estimated by ex-post evaluation of the programme.  

In Sweden, the investment subsidy for energy efficient windows was discontinued from 

December 2008. From January 2009 onwards tax subsidy (ROT programme) is available for 

homeowners, wherein they can claim 50% of the labour cost (up to 50,000 SEK/person/year) 

for household renovation, which includes adoption of new windows or repairing existing 

windows.  

2.5    Post purchase evaluation 

Homeowners‘ major purchase decision especially those with long term consequences are 

more likely to create mental agony (Korgaonkar and Moschis, 1982; Oliver, 1997; Hawkins 

et al, 2007). To avoid such dissonance, consumer will try to confirm the purchase through 

various means like ignoring dissonant information, lowering the expectation and selectively 

interpreting the information (Assael, 1992). Hence if the concerns due to issues like 

condensation are small, homeowners post purchase evaluation of window replacement could 

be influenced by their desire to avoid or reduce its severity. However, if the disparity in 

expected and actual performance is high, homeowners may be highly dissatisfied and develop 

negative attitude towards their purchase (Assael, 1992). 

If a homeowner had replaced only a few windows the post purchase consumer behaviour 

could be of significance for manufacturers/marketers as this could influence homeowners‘ 
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choice of other windows in future. Moreover, customers dissatisfied with a product engage in 

more interpersonal communication compared to satisfied customers (Hawkins et al., 2007), 

and exposure to unfavourable comments results in reduction in new product purchase (Arndt, 

1967). Homeowners who are dissatisfied with their energy efficient windows may negatively 

influence the reputation of the manufacturer/sellers/installer. Interpersonal advertisement is 

important for sellers and installers who operate in the local market, and they may be more 

wary of the post purchase evaluation of homeowners. If a customer is dissatisfied with a new 

window the seller/installer may have to spend more time and resources to satisfy such 

customers. Hence, window sellers/installers may not recommend a window which they think 

could make homeowners dissatisfied. For policy makers, the post purchase behaviour of 

homeowners is important as this may influence the rate of adoption of energy efficient 

windows.  It is reported that external condensation phenomenon is a barrier to adopt energy 

efficient windows (Werner and Roos, 2007). Hence it is relevant to understand post purchase 

evaluation of owners of energy efficient windows, especially on condensation issues 

associated with such windows. 

3. Methodology 

3.1 Questionnaire survey of homeowners 

The focus group of our study was homeowners who availed investment subsidy to replace 

their windows with energy efficient windows. Addresses of all homeowners who received the 

subsidy in the two neighbouring counties in central Sweden viz., Jämtland and 

Västernorrland were collected from Boverket (Swedish National Board of Housing, Building 

and Planning) which administrated the programme during 2007-2008. Questionnaire was sent 

to all 1010 homeowners in these two counties (315 in Jämtland and 695 in Västernorrland) 

who availed the investment subsidy during 2007-2008. On an average, the homeowners 

received 14% of the total expenditure for window replacement as investment subsidy. The 

survey was conducted during November – December 2009. 25 questionnaires were returned 

either due to incorrect address or non residence of the addressee. The response rate for the 

survey after one reminder was 59% (64% and 54% response from homeowners in Jämtland 

and Västernorrland, respectively).   

The questionnaire consists of mainly three parts. Section A included questions about the 

reasons for replacement of windows, factors influencing respondents choice of windows, 

influence of external actors, perception towards energy efficiency measures. Section B 
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included questions regarding the influence of policy instruments in respondents‘ adoption of 

energy efficiency measures. Section C included questions related to socio-economic 

variables. The questionnaire was sample tested among a few homeowners in Jämtland area 

who had replaced their windows with energy efficient windows. The questionnaire was also 

reviewed by an expert in window technology, and her suggestions were incorporated in the 

final questionnaire. In this paper we discuss the results based on Section A and C of the 

questionnaire.  

To understand the role of investment subsidy in homeowners‘ adoption decision we asked 

whether the homeowners would postpone/change their plan to buy the energy efficient 

windows if there was no investment subsidy. This question could be susceptible to 

hypothetical and response bias. However, as the participants are beneficiaries of the 

investment subsidy, they may feel committed to justify the subsidy (…), and it is more likely 

that their response would be an underestimation of the actual free riders share. 

3.2 Interview of window installers/sellers 

In Sweden, glass working companies often sell and install windows. Their activities are 

similar to window sellers and in our study we combined these two actors to one group viz., 

window sellers/installers. A list of window installers/sellers in the Jämtland county was 

prepared based on a search on the yellow pages. All the listed 29 window 

sellers/installers/repairers were contacted for a semi structured interview. However some in 

the list had discontinued their business or merged or did not have time or were just into 

window cleaning business, while three sellers/installers were not interested to participate. 

Accordingly, we interviewed 12 sellers/installers. The basic information about the 

organizations of the interviewed personnel is presented in table 1.  

Table 1: Basic information about the organization of the interviewed personnel 
Number of employee Years of operation Major type of job Main operational 

geography 

< 5     4 <10 years 1 Selling and installation 8 Local 10 

5-10   2 11 to 20   4 Installer  2 National 2 

11-15 2 21 to 50   4 Building product retailer 1   

> 15 2* > 50         3 Selling 1   

* These two are big companies employing more than 100 people. 

We asked the interviewees mostly open ended questions. Issues considered were (i) why 

homeowners decide to change windows (ii) what were the major demands/requirement for 
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homeowners while they plan to replace a window (iii) their perception about their influence 

on homeowners choice of windows (iv) their perception towards energy efficient windows 

(v) how to promote energy efficient windows. 

Six of the interviews were conducted at the window seller‘s/installer‘s premise, while six 

were conducted over phone. Compared to in-person interview, telephonic interview has some 

disadvantages as complex questions may not be answered; interviewer has less control of the 

interview situation. However, according to Rogers (1976), the quality of data obtained by 

telephone interview is comparable to that obtained by in-person interview. As our questions 

were open ended and short, the response bias due to the interview mode is expected to be 

negligible. The interview time varied from about 30 minutes to one hour, and all interviews 

were conducted by a native language speaker. The interview duration for telephone interview 

was shorter than in-person interview. All interviews were recorded and transcribed. The 

interviewed personnel are highly experienced in window business as nine persons have more 

than 25 years of experience, while two have more than 10 years of experience. Ten of the 

interviewees were owner or partner of their firm, while two were sales personnel of their 

organization.  

 

4.         Results 

 

4.1 Homeowners’ adoption of windows 

 

4.1.1 Problem recognition and need for new windows 

Windows were replaced mainly to reduce annual energy cost, or because they were old and in 

bad conditions (Table 2). 87% of respondents reported annual energy cost reduction as the 

most important reason for their decision to replace windows. Age of the windows may 

influence its physical condition, as older windows are likely to be in bad condition compared 

to those which are new. 84% of respondents‘ reported that their window replacement decision 

was due to the age and poor physical condition of the windows. 98% of respondents had 

replaced windows that were more than 20 years, while 75% replaced windows that were 

more than 30 years. Wilcoxon test revealed that there was no significant difference between 

energy cost reduction and age and physical condition as reasons for homeowners‘ window 

replacement decision.  
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Table: 2:   Reasons for replacement of the old windows 

Reasons for window replacement 
N % of respondents 

Mean
1
 

Wilcoxon 

test
2
 Agree Neither nor Disagree 

To reduce annual energy cost                               529 87 11   2 4.45 (0.035)  

Windows were old and in bad condition                                               509 84 10   6 4.39 (0.043) N.S 

Cold air ingress                                                     516 67 17 16 3.87 (0.054) ** 

Difficult to clean                                                   515 64 14 22 3.84 (0.116) N.S 

To improve the market value of house                 494 53 28 19 3.52 (0.057) * 

Poor sound insulation                                            502 52 19 29 3.42 (0.063) N.S 

Costly to maintain                                                 481 38 25 37 3.12 (0.074) ** 

To reduce CO2 reduction                               475 30 26 44 2.79 (0.065) ** 

To make house more aesthetically appealing       487 31 19 50 2.63 (0.066) * 

Part of house renovation                                       474 33 12 55 2.62 (0.075) N.S 

To improve the inlet of sunlight                            484 21 20 59 2.30 (0.063) ** 

N – Number of respondents. 
1
 Mean values are based on homeowners‘ response on a Likert scale of 1 to 5 (1 = strongly disagree, 5 = 

strongly agree). A factor with a higher mean value is of greater importance. Values in parentheses are standard 

errors. 
2
  ** denotes significant at p ≤ 0.01, * denotes significant at p ≤ 0.05, N.S – Not significant.  

 

Renovation of the house was not cited as an important reason by majority of homeowners for 

their decision to replace the windows. However, we found that new occupants (those who 

were residing in their house within last 3 years) were significantly (p ≤ 0.01 as per chi-square 

test) more likely to consider (65%, N - 83) house renovation as an important reason for 

window replacement compared to those who were staying in the house for a longer duration 

(27 %, N - 381) of time (not shown in the table). 

4.1.2 Socio-demographic factors 

The composition of the respondents according to age, education, household income, building 

age and duration of occupancy in their house is provided in Table 3. Respondents who were 

old, university educated and who lived in old houses were more likely to replace their 

windows with energy efficient windows.  

Table 3: Composition of the respondents (% of respondents) 
Age group 

(years) (N=574) 

Education 

(N= 573) 

Annual household 

income
1
 (‗000 SEK)  

(N= 563) 

Building age 

(years) 

(N=566) 

Occupancy 

period (years) 

(N=562) 

≤ 35          9% Primary  28% ≤ 150          2% ≤ 20         1% ≤  3         15% 

36-45   18% Upper   secondary 33% 150 – 300   23% 21-30     3% 4-10     21% 

46-55   20% University  39% 300 – 450   24% 31-40   35% 11-20    17% 

56-65   23%  450 – 600    24% 41-50   21% 21-30    15% 

>65   30%  > 600          27% >50   40% 31- 40   20% 

    >40   12% 

Note: Percentages are rounded to the nearest unit 

About 60% of homeowners had replaced more than 75% of the total windows in their house.  
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1 
86 % of respondents were cohabitants/married. 

 

Older, university educated and those who are living in old houses were more likely to replace 

their windows with energy efficient windows. The investment older homeowners (>65 years) 

made for window replacement was not statistically different compared to other age cohorts. 

We did not find any significant difference between older homeowners and other age cohorts 

in terms of factors like age of the windows and building, conditions of windows, role of 

subsidies, investment made for new windows, perception of annual energy cost and attitude 

to reduce energy use. Similarly, we found that except for low income households (≤150000 

SEK/year) all other income groups were equally likely to make investment to replace energy 

efficient windows.  

4.1.3 Information search and role of external actors 

For most respondents‘ window sellers was the most influential actor in their window choice 

(Table 4). Interpersonal communications among friends/peers/relatives were reported to be 

the second most influential external actors. Other external actors were important for only 

fewer respondents. 

 

Table 4:  Importance of external actors‘ advice in homeowners‘ choice of windows 

Influence of external actor 
% of respondents  

N Important Neither nor Not important Mean 

Window sellers  489 56 22 22 3.51 (0.064) 

Friends, relatives and peers  396 33 17 50 2.56 (0.079) 

Window manufacturers 388 27 11 62 2.23 (0.080) 

Internet forums  373 21 13 66 2.03 (0.075) 

Carpenters  377 21 8 71 1.97 (0.077) 

Building companies  378 18 8 74 1.83 (0.077) 

Municipal energy advisers 363 14 6 80 1.63 (0.066) 

Energy companies  345  1 4 95 1.15 (0.029) 

N = Number of respondents in respective category. Mean values are based on homeowners‘ response on a Likert 

scale of 1 to 5 (1 = not at all important, 5 = very important). Values in parentheses are standard errors. 

 

26% of respondents bought and installed windows themselves, 21% bought windows 

themselves and installed it through professionals, and for 53% of respondents a professional 

did the entire window replacement on turnkey basis. 69%, 18% and 11% of respondents 

entrusted the turnkey job to window sellers, construction companies and carpenters, 

respectively. 53% of the total respondents reported that the company from which they bought 
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windows had recommended a specific window. About 97% of respondents had installed the 

windows that were recommended to them. 

Majority of homeowners contacted more than one external actor for information when they 

plan to replace their windows (Table 5). Window sellers were the most sought after external 

actor for information, while energy advisers and energy companies were contacted by least 

number of homeowners. 

Table 5: Homeowners‘ frequency of contact to external actors for information about windows 
External actor contacted by 

homeowners 

N % of respondents contacting a specific external actor 

Contacted many Contacted only one Did not contact any 

Window sellers 519 47 37 16 

Friends, relatives and peers  431 24 24 52 

Window manufacturers  430 17 17 66 

Building companies  438 10 18 72 

Carpenters  427   5 23 72 

Energy Advisers  418   2 14 84 

Energy companies  410    1 99 

N – Number of respondents 

4% of respondents did not contact any of the external actors mentioned in the table, while about 60% of 

respondents contacted at least two types of external actors. 
 

4.1.4 Factors important in selection of specific type of windows 

79% and 19% of the sample (1010 homeowners) installed windows with U-value 1.2 W/m
2
K 

and 1.1 W/m
2
K, respectively, while the rest 2% installed windows with U-value less than 1.1 

W/m
2
K. We compared the respondents‘ perception of importance of various factors in 

selection of the specific windows (Table 6). Durability/life of the windows was reported as 

the most important factor followed by energy labelling, energy efficiency, and annual energy 

cost reduction. Investment cost was important for 57% of respondents but was not the most 

important factor for majority of the respondents. Condensation issue was important for 54% 

of the respondents. 

Table 6: Factors for selecting the specific energy efficient windows 
Factors N % of respondents  

Important Neither nor Less important 

Durability/life                                          508 92   7   1 

Energy labelling*                                         380 92   6   2 

Energy efficiency                                       516 90   9   1 

Reduction of annual energy cost                     530 84 12   4 

Easy to clean the windows                 523 78 14   8 

Sound insulation                                         510 73 16 11 

Investment subsidy                                                       521 65 23 12 

Aesthetic 501 65 21 14 

Investment cost                                 497 57 32 11 

No or little condensation                             494 54 25 21 
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Daylight permeability 490 51 28 21 

N – Number of respondents. 

* 398 respondents (69% of total respondents) reported that they were aware about energy labelling in windows. 

 

Respondents were asked about the reasons for their selection of the windows with a particular 

U-value over better energy efficient windows. 59% and 13% of respondents reported that 

they did not know and there were no better energy efficient windows in Sweden, respectively. 

28% of respondents reported they were aware of better energy efficient windows. To better 

understand why homeowners‘ did not select a more energy efficient windows, we analysed 

the response of those who reported that they were aware of more energy efficient windows. 

Investment cost and condensation issue was reported as the main reasons for not adopting  a 

more energy efficient window (Table 7).  Less than 10% respondents agreed on other reasons 

such as durability, sound insulation, aesthetics, day light permeability, difficulty to clean 

windows, for not selecting more energy efficient windows. 

Table 7: Homeowners who were aware about more energy efficient windows and responded 

to the question ― I did not choose windows that were more energy efficient than the one I 

bought because…..‖  
Reasons N % of respondents  

Agree Neither nor Disagree 

Payback for the investment is  not attractive enough 136 43 15 42 

It will cause condensation problem                                       137 31 14 55 

It will not reduce annual energy cost                                         133 15 25 60 

N – Number of respondents. 

 

4.1.5 Post purchase evaluation of energy efficient windows 

Almost all homeowners were satisfied with their new windows (Table 8). About 85% of 

homeowners would recommend the same windows they bought to their friends or relatives. 

Approximately 28% of respondents reported condensation problem and about 13% of them 

(4% of the total respondents) thought it was severe. Vast majority (95%) of these 

homeowners was also satisfied with their windows, and 83% would recommend such 

windows to their friends or relatives (not shown in the table).  

About 33% of homeowners thought that installation of energy efficient windows resulted in 

significant annual energy cost reduction, while 8% thought there was no saving. 

Approximately 41% of respondents did not know whether installation of energy efficient 

windows had resulted in any annual energy cost reduction. The ―do not know‖ response of 

the respondents might be due to the fact that homeowners had installed windows only 

recently (within 2 years from date of survey) and did not have sufficient time to observe 
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energy cost saving or due to the difficulty in making the before-and-after energy cost 

comparison.   

Table 8: Post purchase evaluation of energy efficient windows 

Post purchase evaluation of energy efficient windows % of respondents 

Satisfaction level with new windows (N=564) 

Satisfied 

Neither nor 

Unsatisfied 

 

98 

  1 

  1 

Will you recommend the windows you bought to your friends/relatives (N= 551) 

Likely 

Neither nor 

Less likely 

Do not know 

 

85 

  5 

  3 

  7 

Energy cost reduction (N= 564) 

High 

Medium 

Less/Nil 

Do not know 

 

34 

18 

  8 

41 

Condensation problem  (Yes - 36%, N= 201)  

Severity of condensation problem (N= 200)* 

High 

Medium 

Low 

 

10 

13 

77 

* No significant difference in perception between homeowners who bought windows with U-value 1.2 W/m
2
K 

and < 1.2 W/m
2
K. 

4.2 Role of investment subsidy 

65% of respondents reported that investment subsidy was important in their selection of the 

windows but 54% stated that even without the investment subsidy they still would have 

bought the energy efficient windows. 33% respondents reported that without investment 

subsidy, they would have postponed their decision to buy energy efficient windows. 

Homeowners who stated investment subsidy as important was significantly (p ≤ 0.01 as per 

chi-square test) more likely to postpone/change their decision to buy the energy efficient 

windows without the subsidy.  

Chi–square tests showed an insignificant relationship between respondents‘ education, annual 

household income, age and gender and their intention to buy energy efficient windows 

without the investment subsidy (Table 9). Similarly, we did not find a statistically significant 

relationship between the age of the windows, age of the house and condition of the window 

and respondents intention to buy energy efficient windows in absence of investment subsidy 

(Table 10). Homeowners whose windows were between 21-30 years old were less likely to 

postpone their decision to buy energy efficient windows compared to those who had older 

windows in their house. However, more homeowners who had windows in this age group 
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also had higher annual household income (> 450 000 SEK) compared to those who had older 

windows. Majority (82%) of the respondents felt it was easy to obtain the investment subsidy, 

indicating the administrative procedure to disburse the subsidy was simple. 

Table 9: Demographic characteristics of homeowners‘ response to the question ―Would you 

postpone/change the decision to buy the energy efficient windows if there was no investment 

subsidy‖ 
Respondent category* N % of respondents  

Likely Neither nor Less likely 

Education 

Primary 

Upper secondary 

University          

 

155 

189 

225 

 

31 

29 

38 

 

12 

16 

12 

 

57 

55 

50 

Annual household income (1000 SEK) 

≤ 150                         

150-300               

300 – 450             

450 – 600          

> 600                        

 

  10 

128 

135 

137 

150 

 

30 

35 

40 

34 

27 

 

10 

10 

13 

14 

15 

 

60 

55 

47 

52 

58 

Age  

<= 35 years                           

36 – 45 years                        

46 – 55 years                        

56  – 65 years                     

>65 years                              

 

  54 

103 

116 

128 

169 

 

30 

40 

27 

37 

33 

 

20 

17 

12 

 8 

12 

 

50 

43 

61 

55 

55 

Gender 

Male                                     

Female                                  

 

427 

137 

 

32 

37 

 

14 

11 

 

54 

52 

 

Table 10: Influence of contextual on homeowners‘ response to the question ―Would you 

postpone/change the decision to buy the energy efficient windows if there was no investment 

subsidy‖ 
Contextual factors N % of respondents 

Likely Neither nor Less likely 

Building Age 

<= 20 years                          

21 – 30 years                  

31 – 40 years             

41 – 50 years         

> 50 years           

 

   3 

 15 

197 

120 

227 

 

33 

27 

35 

30 

35 

 

33 

13 

15 

14 

11 

 

33 

60 

50 

56 

54 

Age of the replaced windows 

Do not know                

<= 20 years                                 

21 – 30 years                

31 – 40 years           

> 40 years            

 

  29 

  13 

  88 

227 

211 

 

35 

31 

24 

36 

35 

 

17 

23 

  9 

14 

12 

 

48 

46 

67 

50 

53 

Condition of the old window 

Satisfied                           

Neither nor                       

Unsatisfied                 

 

  26 

  90 

444 

 

31 

34 

34 

 

19 

10 

13 

 

50 

56 

53 
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U-value of new window (W/m
2
K) 

1.2 

< 1.2 

 

341 

113 

 

35 

34 

 

17 

12 

 

48 

54 

 

University educated homeowners were more likely to postpone/change their decision to 

install energy efficient windows compared to those who had only primary education. There 

was no significant relationship between income of the homeowners and their willingness to 

postpone/change their decision to adopt energy efficient windows. 

A large proportion of homeowners above 65 years had installed energy efficient windows. 

Separately, in  response to a question whether the respondents will invest in energy efficiency 

measures if they make a major renovation in the next 3 years, 25% of older homeowners (>65 

years) and 54% of homeowners in other age group responded in affirmative. Hence, apart 

from the investment in energy efficiency windows older homeowners were less likely to 

invest in energy efficiency measures in their buildings. 

 4.3     Window sellers/installers perception 

Owners of detached houses constitute the main clients for majority of the interviewees. 

Window sellers/installers usually order windows from the manufacturer only upon receiving 

an order from a customer. In this section we summarise the interviewees response to the 

questions mentioned in the methodology section. 

4.3.1 Why homeowners change windows 

All interviewed window sellers/installers stated that the homeowners‘ window replacement 

decision was mainly driven by poor conditions of the windows. Two installers reported that 

wood frame of the windows from 60s and 70s were of poor condition compared to those of 

the 50s and these windows need to be replaced. This they attributed to the construction boom 

during that period which resulted in shortage of good quality wood for such work. Three 

sellers/installers reported that need for better thermal comfort, the poor window condition 

was the reasons for homeowners replacement decision. Another reason cited by two sellers 

was the difficulty to clean the windows. For example, the number of sides to be cleaned in 

new windows was less compared to old windows. Three sellers/installers reported that annual 

energy cost saving could be one of the influencing factor; while according to three others, 

energy cost saving was not a factor at all.  
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Homeowners‘ requirement/demand about the new windows varies. In table 11, we present the 

most common requirement by the homeowner as reported by the sellers/installers. Majority 

of the sellers/installers mentioned that when homeowners plan to replace windows they are 

interested in design features of new windows. According to many sellers/installers 

homeowners prefer windows that are easy to clean and rotatable. 

Table 11: Interviewees perception on homeowner‘s requirement in new windows 
Homeowners requirement in new windows Number of interviewees  

Window design features 7 

Investment cost 4 

Energy cost saving 3 

U-value of window 2 

 

According to sellers/installers, homeowners were concerned with the investment cost, as one 

of the installer commented: 

―You [homeowners] want to have as many windows as possible for the money you 

have in mind‖   

One installer stated that homeowners who owned their house for a long period were more 

concerned about the energy aspect as they were aware about the energy cost details, while 

those who moved recently to a house were not concerned about energy saving aspects of 

windows. According to one seller, younger generations who are moving to their first house 

were more aware of environmental aspects and want to do it right, but as economic aspects 

also guide their decision, they may not like to spend it all to get the best. Two installers stated 

that U-value of windows was important for homeowners, but two others reported otherwise.  

We asked the sellers/installers to rate homeowners attitude to buy energy efficient windows 

on a scale of 1 to 7 (1 = highly negative; 7 = highly positive). Four sellers/installers gave a 

rating of 7, five gave a 6, while two gave a rating of 5 and 4 respectively. This indicates that 

homeowners are very positive to buy energy efficient windows, as one installer stated: 

―Once they [homeowners] have made the decision that they must change windows, then 

they select a window with very good energy rating‖ 
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4.3.2 Influence on homeowners 

There was consensus among the sellers/installers that they strongly influence their customer‘s 

choice of windows. Some of them stated that their suggestions had a strong impact as often 

the customers were not aware about the choices.   

 “Normally they [homeowners] decide about the type of windows when I visit them‖. 

―They [homeowners] have many questions, …..generally the advice we give weighs heavily‖. 

―It's probably a pretty big impact. I think .. or I hope …..in most cases, I believe that the 

customer is grateful to receive the information from here. 

4.3.3 Perception towards energy efficient windows 

Window sellers/installers recommend/prefer windows with U-value from 1.1 to 1.8 W/m
2
K 

(table 12). Majority of the sellers/installers do not recommend U-value less than 1.2 mostly 

due to condensation problem and high cost of such windows. 

Table 12: U-value window sellers/installers prefer/recommend 
 U- value (W/m

2
K) Number of interviewees  

1.1 -1.2   2 

1.2 6 

1.3  2 

1.5  1 

< 1.8  1 

 

All the sellers/installers mentioned about the possible condensation problem with especially 

those with U-value less than 1.2 W/m
2
K. Some of the sellers/installers on condensation 

stated: 

― Below 1.2 [U-value] you can get problems with condensation…. There is a wild 

chase to reduce U-values…. But in reality it does‘nt work…‖ 

―Customers think it is too damn that they bought new windows and it gets condensation 

in the outside. That cannot be justified with that it is a sign that you have a good 

window‖ 

―…if you get down to 1.2,…, the risk of condensation is large and I think the 

requirement is too hard‖ 

―If you get highly annoyed if you see a white window when you come down to eat 

breakfast in the kitchen, it was not nice of you to bought a low U-value window‖ 
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However, according to four sellers/installers condensation in external surface of energy 

efficient windows occurs only during a very few occasion in Jämtland. 

 ― ….there are so few days in a year …so few hours, you live with it‖   

― ….not so often it happens up here, atmosphere here is pretty dry‖  

One of the seller/installer mentioned that once they had to replace the newly installed 

windows at their expense as the customer was annoyed with the condensation. The company 

had not informed about the condensation problem to the customer. On the other hand, another 

seller/installer who received complaint from his customer for not informing them about the 

condensation issue stated that he took it for granted that people knew about the condensation 

problem. According to a couple of sellers/installers, the manufacture‘s argument that external 

condensation in windows indicates its high energy efficiency was difficult to sell to their 

customers.  

Window sellers/installers usually inform their customers about condensation issue associated 

with energy efficient windows. A seller/installer mentioned that they show photos of 

condensation in windows to their potential customers to inform them about the issue. Two 

sellers/installers mentioned that they provide documents which include condensation issue to 

their customers once they receive the order. As per many interviewees if the homeowners are 

informed about the condensation problem then they will not be surprised and not dissatisfied.  

The price of windows with U-value < 1.2 W/m
2
K was a concern for many sellers/installers. 

According to eight sellers/installers it was expensive to buy windows with U-value 1.0, and 

energy benefits of such windows compared to windows with U-value of 1.2 was small. Hence 

according to them it is not worth to buy such a window. The sellers/installers perception 

about the cost difference between windows (size 1.2 m x 1.2 m) with U-value 1.2 and 1.0 

varies a lot. Though the price of windows varies depending on its features, a few 

sellers/installers suggested that there was no price difference at all, while a few indicated that 

the price difference could be more than 50%.  

4.3.4 Promotion of energy efficient windows 

On being asked what needs to be done to promote energy efficient windows, majority of 

sellers/installers mentioned that windows with U-vale of 1.2 W/m
2
K was good and there was 
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no necessity to improve the energy efficiency of windows further. One installer commented 

as: 

― …with 1.2 [U–value] it is sufficient, there is no demand for better energy efficient 

windows‖ 

According to two sellers/installers it makes sense to promote replacement of windows with a 

poor U-value than one with a good U-value. One installer stated the strategy need to be : 

―…changing from bad windows to good, instead of replacing a good stuff with even 

better‖ 

According to one installer if the price of energy efficient windows could be lowered to the 

price of standard windows, then more people might buy such windows. Majority of 

sellers/installers suggested that financial support by the government were required to promote 

energy efficient windows. 

Window sellers/installers consider the tax subsidy on labour cost for home renovation (ROT 

deduction) to be an effective means to promote energy efficient windows. According to many 

sellers/installers homeowners get more financial benefits under ROT deduction compared to 

the earlier investment subsidy. All the window sellers/installers stated that after introduction 

of ROT programme more people were changing their windows. However one installer 

pointed out that ROT deduction could be more useful for repair of windows than purchase of 

new windows as the labour charges incurred for installing new windows may not be high 

compared to repair works like changing the glass. Two sellers/installers mentioned that 

investment subsidy was more effective as it was available for only energy efficient windows, 

and hence were clearly steering the customer to adopt energy efficient windows. One of the 

supporter of investment subsidy suggested that the subsidy should be linked to the U-value 

reduction achieved from window replacement. The lack of specification for energy efficient 

windows under ROT programme was considered to be good by a few, while a few others 

consider it as a drawback. 

Majority of sellers/installers believed energy labelling of windows was useful for their 

customer as it works as a guarantee of the window performance, and the customer can claim 

the same quality window if something happens to their windows. Some of the 

sellers/installers use energy labelling as a tool for selling their windows. However, a few of 

them mentioned that it was not useful and customers were not demanding it, while according 
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to one retailer, the information were already available in product folders, and he was not 

convinced about the benefit of energy labelling.  

5.  Discussion 

Approximately 75% and 98% of respondents replaced their windows that were more than 30 

years and 20 years, respectively. Majority of homeowners reported annual energy cost 

reduction  followed by age and condition of the windows as important reasons for window 

replacement decision. According to window sellers/installers, homeowners‘ replacement 

decision was mainly driven by the poor conditions of their windows.  

Homeowners usually replace all/most of their windows at a time. Majority of homeowner‘s 

window replacement decision was not associated with the household renovation. It indicates 

that homeowners undertake energy efficiency measures on a piece meal approach. The 

building regulations stipulate energy efficiency requirement for existing buildings only 

during a major renovation. As windows are replaced outside renovation cycles, policy 

instruments like minimum energy efficiency performance requirement are required to 

improve the energy efficiency of existing buildings (Uihlein and Eder, 2010) Homeowners 

who move to a newly bought existing house were more likely to replace their windows as 

part of the house renovation compared to those who had reside in their houses for a longer 

time. Hence, homeowners who had recently bought an existing house might be an important 

target group for efficient building envelope measures. This could be linked to the mandatory 

energy audit, when a house is sold. Moreover, renovation might be made before the new 

homeowners occupy the house reducing the renovation inconvenience to a minimum. 

According to a window seller the younger people who shift to their first detached house were 

more positive to implement energy efficiency measures, but they have financial constraints. 

Innovative energy efficiency renovation package which include financing, consulting, 

contract work and follow up may be able to tap this segment.  

Majority of homeowners consider window sellers/installers as the most influential actor in 

their window choice. This influence is so strong that the homeowners‘ typically install what 

the windows sellers/installers recommend. Other external actors including 

peers/friends/relatives, manufacturers were not influential for majority of homeowners in 

their choice of windows. Our results indicate that window sellers have a determinant role in 

the diffusion of energy efficient windows in Swedish detached houses. 
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Majority of homeowners in our survey (79%) installed windows that has a U-value of 1.2 

W/m
2
K. 72% of respondents were either unaware or did not think that a better energy 

efficient windows was available in Sweden. A large number of homeowners who knew about 

better energy efficient windows thought that investment in such windows was not profitable 

and could cause condensation problems.  This perception of homeowners about the energy 

efficient windows may be influenced by the suggestions/recommendations from window 

sellers/installers. According to majority of window sellers/installers interviewed, windows 

with U-value of 1.2 W/m
2
K was good enough and there was no need to promote energy 

efficiency of windows any further. The strong negative perception of window 

sellers/installers towards windows with low U-value < 1.2 W/m
2
K was due to condensation 

issue and higher price of such windows. According to many window sellers/installers 

investment in such windows was not economical. Hence, homeowners‘ preference to 

windows with U-value of 1.2 W/m
2
K may be due to the favourable advice they received from 

window sellers/installers on such windows.  

Homeowners in our survey gave a  low importance to condensation issues in their selection 

of windows. Moreover, in their post purchase evaluation, 96% of them did not consider 

condensation as a major concern. This indicates that window sellers/installers were  

pessimistic about homeowners concern of condensation. Window sellers/installers concern 

for condensation may be due to the possible repercussion to their business from the 

homeowners who may become dissatisfied due to such a problem. The window 

sellers/installers negative perception about condensation issue may be influenced by their 

experience with some of their customers. The bad experience may also be caused due to the 

oversight from window sellers/installers like forgetting to inform their customers about 

possible condensation issues in energy efficient windows. According to some of the 

sellers/installers, the condensation issues in Jämtland occur only a few times yearly with  a 

short duration. If homeowners are provided with objective and unbiased information about 

condensation issues of energy efficient windows then they may be more favourable to adopt 

such windows.   

For homeowners to adopt better energy efficient windows they need to be convinced about 

the cost benefits and condensation issues associated with such windows. To convince 

homeowners, the sources they rely most (viz., window sellers/installers) need to be confident 

on those issues. Right now, window sellers/installers have concern about condensation issues 
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and higher price of energy efficient windows especially those with U-value < 1.2 W/m
2
K. 

Window sellers/installers perception of the price difference between high energy efficient 

windows (U-value 1.0 W/m
2
K) and windows with U-value 1.2 W/m

2
K varies. This may be 

attributed to their relative experience in handling low U-value windows. The adoption rate of 

higher energy efficient windows could be increased by addressing the concerns of window 

sellers/installers towards such windows.  

Most of the leading window manufacturers in Sweden supply windows with an overall U-

value < 1.0 W/m
2
K. However, majority of respondents were unaware about such energy 

efficient windows in the market. To improve the energy efficiency of existing Swedish 

buildings, it is important to create awareness about high energy efficient windows. Energy 

labelling is a policy instrument that aim to create awareness of energy efficient products and 

thereby its promotion (The European Council, 1992). In Sweden, seven ratings from A to G 

is used to classify windows on its energy performance; a window with a ―A‖ rating has an 

overall U-value of 0.9 W/m
2
K, while the one with ―G‖ value has an overall U-value of 1.5 

W/m
2
K.  About 74% of respondents were aware of energy labelling of windows, and 92% of 

these homeowners consider energy labelling as important in their adoption decision. Majority 

of respondents selected windows with an overall U-value of 1.2 W/m
2
K which corresponds to 

an energy rating of ―D‖. As window sellers/installers suggested it is likely that homeowners 

consider energy labelling mainly as a guarantee of the window performance.  

The investment subsidy was introduced to improve the market for the energy efficient 

windows in Sweden. Majority of respondents installed windows with minimum U-value (1.2 

W/m
2
K) that was required to avail the investment subsidy. These windows could be 

considered as a standard product in the Swedish market as they had a large market share
17

 

during the subsidy period. Furthermore, a large percentage of homeowners (51%) who 

availed the subsidy had an annual family income in excess to 450000 SEK. More analysis is 

required to understand the cost effectiveness of the investment subsidy program to promote 

energy efficient windows. Our study indicates the presence of a large number of free riders in 

the investment subsidy program. We did not find any significant relationship between various 

factors that could result in free riders (old windows, bad condition of windows, and age of the 

house) of the programme. Nevertheless our results complements the findings of GrÄosche et 

                                                 
17

 According to the voluntary information provided by manufacturers, the Swedish market share of windows 

with U-value of 1.2 W/m
2
K for the year 2006, 2007 and 2008 was approximately 42%, 49%, and 39%, 

respectively (Diana, 2010). 
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al.(2009) about significant presence of free riders in investment subsidies aimed to promote 

energy efficiency measures. Homeowners consider the  investment cost as an important 

factor in adoption of energy efficiency building envelope measures (Nair et al., 2010). 

Subsidies by reducing the investment cost could be a useful policy tool to promote energy 

efficient technologies in residential sector. The ROT program was reported to facilitate many 

homeowners to replace their windows, and the replaced windows would be more energy 

efficient compared to the older ones. However, to promote energy efficient windows, it may 

be useful to include the energy efficiency criteria for availing such ROT benefits. 

6.  Conclusion 

In this paper, we have analyzed the homeowners‘ adoption of energy efficient windows, 

including the role of investment subsidy and window sellers/installers in their adoption 

decision. 75% and 98% of respondents replaced their windows that were more than 30 and 20 

years, respectively. Majority of homeowners reported annual energy cost reduction closely 

followed by age and condition of the windows as important reasons for their window 

replacement decision. 

 

About 55% of homeowners reported that that even without the investment subsidy they  

would have installed the energy efficient windows. This indicates a large number of free 

riders in the investment subsidy program. Homeowners who availed investment subsidy 

preferred windows with a U-value of 1.2 W/m
2
K. A large proportion of homeowners were 

unaware of more energy efficient windows. To increase the rate of adoption of high energy 

efficient windows the awareness of such windows need to be increased among homeowners. 

Those who were aware of more energy efficient windows thought that such windows are not 

economically attractive, and also would cause condensation problem.  

Majority of homeowners consider window sellers/installers as the most influential actor in 

their window choice. Homeowners would usually install a window that window 

seller/installer recommend. Window sellers/installers have a negative perception towards 

windows with U-value < 1.2 W/m
2
K, and they will not recommend such windows to 

homeowners. They believe that such windows are not economical and also results in 

condensation problem. The diffusion of energy efficient windows especially those of U-value 

< 1.2 W/m
2
K depend on addressing the concerns of window sellers/installers towards such 

windows.  
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Our discussions on homeowners‘ adoption decision are based on a mail-in questionnaire 

survey, and this has some disadvantages. For example, about 41% of the homeownes did not 

respond, and therefore, non-response bias might be a problem. We have not investigated this 

issue. Moreover, our sample had all installed windows with U-value ≤ 1.2 W/m
2
K, and there 

may be response bias as we have not investigated the response of those who installed 

windows with higher U-value. Furthermore, the respondents may not have entirely 

understood the questions, as in all questionnaire surveys, we were not able to clarify the 

questions, which in turn might have influenced the responses. Similarly, as local climate may 

influence external condensation on windows, the perception of window sellers/installers on 

condensation in energy efficient windows and their subsequent recommendation may vary 

across Sweden. 
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Abstract 

 

The paper focuses on Swedish homeowners‘ need for and perceptions about adopting 

building envelop energy efficiency measures. The results of a questionnaire surveying of 

3000 randomly selected homeowners during the summer of 2008 showed that 70-90% of 

the respondents had no intention of implementing such a measure over the next 10 years. 

The main reasons for non-adoption were that homeowners were satisfied with the 

physical condition, thermal performance, and aesthetics of their existing building 

envelope components. A greater proportion of respondents perceived that improved attic 

insulation has more advantages than energy efficient windows and improved wall 

insulation, but windows were more likely to be installed than improved attic insulation. 

Respondents gave high priority to economic factors in deciding on an energy efficiency 

measure. Hence, economic incentives could be used to increase the adoption of such 

measures. Interpersonal sources, construction companies, installers, and energy advisers 

were important sources of information for homeowners as they planned to install energy 

efficiency measures. 

 

Keywords: Energy efficiency, building envelop components, homeowners, Sweden 

 

 

1. INTRODUCTION 

 

Since the oil crises of the 1970s, there have been improvements in the energy 

efficiency of the Swedish building stocks, but the efficiency gains made since the 1990s 

have not been significant compared to those of earlier periods (Nässén and Holmberg, 

2005). Still the residential and service sectors accounted for 36% (about 145 TWh) of the 

national final energy use in 2006 (STEM, 2007). Space heating and hot water, 

constituting about 60% of this energy use (about 87 TWh), offer a significant energy 

reduction potential.  

The Swedish government has a short- and medium-term target of reducing energy use 

per heated floor area by 20% and 50 % from 1995 to 2020 and 1995 to 2050, respectively 

(IEA, 2008). The techno-economical potential for decreased energy use through the 

implementation of energy efficiency measures in the total Swedish building stock has 

been estimated to be 30 TWh of heat and 15 TWh of electricity (CEC, 2005). It is 

important to target existing houses because most of them were built during the 1960s and 

1970s before energy efficiency was emphasised in the Swedish building codes. Also, the 

addition of new houses to the existing stock happens slowly. The number of residential 

units increased by 4.5% from 1996 to 2006 (SCB, 2008). 

mailto:gireesh.nair@
mailto:leif.gustavsson@miun.se
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The two million detached houses, account for the largest share (42% in 2006) of the 

energy used in the residential and service sectors. The heat use in these houses has 

decreased from an average of 159 kWh/m
2
/year during the 1980-1989 period to about 

129 kWh/m
2
/year in 2006 (IEA, 2008). However, this can be further reduced through the 

implementation of energy efficient windows, improved attic and wall insulation. Several 

studies have concluded that the adoption of such energy efficiency measures is beneficial, 

especially for houses in cold climates or for those in need of renovation (Joelsson and 

Gustavsson, 2008; Norrman and Johansson, 1995; Gustafsson and Karlsson, 1997; 

Erlandsson et. al., 1997; Poel et al., 2007). 

Homeowners may install energy efficient building envelop measure in order to reduce 

household energy use, improve indoor comfort or improve the aesthetic appearance of the 

buildings. All building envelop measures could be implemented together, and that 

happens mostly during major renovations. It is likely that homeowners will adopt those 

measures that best fulfil their prioritised need. The preference for a specific option is 

usually based on a comparison of various alternatives in terms of ease of installation,  

annual cost savings, investment required, aesthetic value, etc.  

Potential adopters‘ evaluation of alternatives is usually based on perceptions of the 

attributes of the alternatives. Hence, the Swedish homeowners‘ adoption of building 

envelope energy efficiency measures depends on their perceptions of such measures 

which is being analysed in this paper. The analysis is based on data collected from a 

survey of about 3000 Swedish homeowners during May–July 2008. Our study expands 

existing studies on homeowners‘ adoption practices for heating systems (Mahapatra and 

Gustavsson, 2008a, 2009; Mårtensson, 2006; Sernhed and Pyrko, 2006; STEM, 2005; 

Nilsson, 2004; Vinterback, 2000; Hallin, 1988) and consumer durables (Martienz et al., 

1998). 

 

2. CONCEPTUAL FRAMEWORK  

 

Building envelope energy efficiency measures are usually renewed after about 30-40 

years. Hence, it is likely that many Swedish homeowners have not been involved in 

adopting such measures. Even if they were involved previously, a new decision is 

influenced by existing information and circumstances. Following the definition by 

Rogers (2003) and Howard and Sheth, (1969) which states that innovation is an idea, 

practice or object that potential adopters perceive as new, we consider the installation of 

energy efficient windows and improved insulation as innovations.  

Potential adopters go through various stages when making adoption-decisions (Rogers, 

2003; Dieperink et al., 2004; Mahapatra and Gustavsson, 2008a; Hawkins et al., 2007; 

Faiers et al., 2007). The common stages found in all these studies on adoption are the 

need for an innovation, the collection of information, and the selection of an innovation 

based on an evaluation of alternatives. We discuss these stages and the influence of 

external factors on homeowners‘ adoption decisions (Figure 1) to understand 

homeowners‘ adoption of energy efficiency measures for building envelopes. There are 

several external factors influencing homeowners‘ decisions, but we consider only 

government subsidies for installing energy efficient windows in existing buildings.  
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Figure 1: Schematic representation of different stages of decision making in 

homeowners adoption of a building envelope component (Adapted from Hawkins 

et al., 2007; Mahapatra and Gustavsson, 2008a) 

2.1 Stage -1: Need for a new installation 

Potential adopters consider adopting an innovation if they feel a need for it (Hassinger, 

1959). Need is a state of dissatisfaction or frustration that occurs when there is a 

difference between the desire and perceived actual state (Rogers, 2003), i.e., when a 

problem is recognised (Hawkins et al., 2007). Potential adopters, take actions that best 

fulfil the need in question (Hawkins et al., 2007).    

In building envelope component replacement decisions, need may arise because of the 

physical condition, thermal performance, or the aesthetical value. These conditions  

generally depend on the age of installation. Aesthetic aspect is limited to visibility of the 

component and is important for windows and  façades. In addition, the perceived high 

cost of energy or a concern for the environment may induce the homeowners to 

implement building envelop energy efficiency measures. Furthermore, homeowners‘ 

level of awareness (Rogers, 2003) of various energy efficiency measures will influence 

the adoption of such measures.   

Demographic variables like age, income, and education may influence potential 

adopters‘ decision-making process (Hawkins et al., 2007). Socio-demographic analysis 

may be useful in understanding the environmental knowledge and attitudes of individuals 

(Diamantopoulos et al., 2003) and, therefore, may assist in the market segmentation of 

potential adopters (Wedel and Kamakura, 2000). Still, there is no conclusive evidence on 

the relationship between demographic factors and green consumer behaviour (Peattie, 

2001; Diamantopoulos et al., 2003; Wagner, 1997). Some Swedish studies have shown 

that there exists a relationship between homeowners‘ age and energy efficient behaviour 

(Carlsson-Kanyama et al., 2005; Mahapatra and Gustavsson, 2008a, 2008b).    

 

2.2 Stage 2 – Collection of information 

Potential adopters who intend to fulfil their needs collect information about 

alternatives from various sources. The information search could be either internal (from 
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memory) or external (from external sources) (Hawkins et al., 2007). Typically, 

investment-intensive decisions such as building envelope energy efficiency measures 

entail external searches. The external sources of information include mass media and 

interpersonal channels. These information sources influence homeowners‘ behaviour 

through a change in the homeowners‘ cognitive attitudes (Mahapatra and Gustavsson, 

2009).  The influence from mass media and interpersonal sources on adoption decisions 

varies among categories of potential adopters. Mass media communications like 

television (TV) or newspaper advertisements are more likely to influence the innovators 

and early adopters, who constitute a small proportion of the total number of potential 

adopters (Rogers, 2003). Interpersonal sources are important for the majority of other 

adopters (Arndt, 1967; Bearden et al., 1989; Midgley, 1983). The majority rely on 

evaluations of friends and peers who have already adopted the innovation (Lekvall and 

Wahlbin, 1973; Lerviks, 1976; Rogers, 2003).  

 

2.3 Stage 3 - Selection of an installation 

Potential adopters process the gathered information to make the adoption decision. In 

doing so, they usually compare various alternatives based on their perception of the 

alternatives‘ attributes: economic factors, environmental benignity, ease of installation, 

etc. A measure that has more perceived advantages compared to others is likely to be 

adopted. Adoption decisions are made based on perceptions because potential adopters 

are constrained by bounded rationality; i.e., they have a limited capacity to acquire, store, 

and process the vast amount of information required to make a rational decision (Simon, 

1959).    

2.4 Influence of economic instruments 

Potential adopters may not realise the advantages of implementing energy efficiency measures; 

therefore, efforts are needed to promote such measures (Rogers, 2003). Marketing campaigns, rules and 

regulations, and economic instruments are some of the options. Economic policy instruments like subsidies 

and low interest loans are used, especially during the early phases of the diffusion process, to 

promote investment-intensive innovations. Grants and low-interest loans were effective 

in Sweden (Schipper et al., 1985) and in the United Kingdom (Boardman, 2004; 

Shorrock, 2001), but subsidies for wall insulation had a limited impact in the Netherlands 

(Kemp, 1997).  

During our survey period, subsidies were available in Sweden for owners of detached 

houses who replaced their existing windows with energy efficient windows (U value ≤ 

1.2 W/m
2
K). This subsidy, available from 2006 to 2008, was 30% of the investment cost 

exceeding 10,000 SEK
18

, and the maximum subsidy available for each household was 

10,000 SEK.  

                                                 
18

 €1 = (ca) 11 SEK in January 2009 
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3.  METHODOLOGY 

 

3.1 Survey 

In survey research, a suitable sampling technique is required which generalise to the 

entire population from a small portion of the population (Rea and Parker, 2005). In 

Sweden, population density varies significantly from north to south, and therefore, the 

stratified random sampling technique is an appropriate option. In our survey, the strata 

consisted of 8 Nomenclature of Territorial Units for Statistics (NUTS) regions
19

. The 

questionnaire was sent to a sample of homeowners in each of these NUTS regions. The 

total number of questionnaires sent out for the survey was 3059, and after two reminders, 

the response rate was 36%. The survey was conducted through Statistics Sweden.  

 

3.2 Questionnaire 

The questionnaire consisted of six parts. Section A included questions about the 

existing conditions of the installations. Section B included questions regarding the 

respondent‘s awareness of energy efficiency measures and their perceptions of them.  

Section C included questions about the respondent‘s interaction with other major actors 

like construction companies and energy advisers. In Section D, respondents were asked to 

grade the level of importance of different product-related factors like investment cost, 

energy cost savings, GHG emission-reduction potential and aesthetics. In Section E, 

respondents were asked to rank the different energy efficiency measures on a 5-point 

Likert scale for each of the factors mentioned in Section D. Section F included questions 

related to socio-economic variables. 

 

3.3 Analysis 

About 64% of the homeowners did not respond. The higher the refusal rate, the 

greater is the need to ascertain whether the non-responses were concentrated in certain 

groups (Weisberg et al., 1996). Hence, to generalise our survey results, we tested the 

presence of a non-response bias. We compared the composition of the group of 

homeowners sampled with that of those who responded, considering each homeowner‘s 

NUTS region, the age of each house, the age and income of each respondent. No 

significant non-response bias was found with respect to those variables, except that 

homeowners older than 55 years were more commonly represented among the 

respondents. 

Homeowners‘ ratings of the importance of installation-related attributes (section D of 

the questionnaire) were ordinal in nature. Hence, the median is the appropriate measure 

of the central tendency (Nachmias and Nachmias, 1996). However, the median value was 

the same for a few attributes, making it impossible to rank the level of importance of 

those attributes. Therefore, we treated the ordinal responses as interval level variables and 

estimated the mean values of the attributes to rank them. However, we kept intact the 

ordinal nature of the responses by conducting a non-parametric test to verify the 

                                                 
19

 The NUTS regions are: Stockholm County, Eastern-Central Sweden, Småland and the islands of Öland 

and Gotland, Southern Sweden, Western Sweden, North-Central Sweden, Central Norrland and Upper 

Norrland. 
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significance of the rankings. The Friedman test could show if at least one attribute was 

ranked significantly differently from the others, but this test did not allow us to know 

which attributes were ranked significantly differently. Hence, we conducted a Wilcoxon 

signed rank test (henceforth a ‗Wilcoxon test‘) of successive pairs of attributes arranged 

according to decreasing mean values. A significant result for the first pair of attributes 

automatically renders the successive attribute significantly different from the first one.  

The above procedure was also used to analyse respondents‘ ratings of various building 

envelope energy efficiency measures (section E of the questionnaire).  

 

4. RESULTS 

4.2 Characteristics of building envelope components 

Table 1 provides information about the existing building envelope components of 

respondents‘ houses. Double glass followed by triple glass windows was common. 

Mineral wool was the most common insulation material used for attic and wall insulation. 

For attics, insulation thickness varied more or less evenly within the range of 100 – 200 

mm, 200 – 300 mm and 300 – 400 mm. About 12% of respondents reported insulation 

thickness, above 400 mm. In the case of wall insulation, about 6% of respondents 

reported insulation thickness above 300 mm. The detached houses in North Sweden (i.e., 

Jämtland, Norrbotten, Västerbotten and Västernorrland counties) have relatively thicker 

attic and wall insulation compared to those in other parts of Sweden. The proportion of 

respondents reporting that their windows, attic insulation, or wall insulation was more 

than 20 years old was 42%, 43% and 50%, respectively.  

Table 1: Percentage of respondents reporting on characteristics of their existing building 

envelope components 

Characteristics Window 

(%) 

Attic 

insulation (%) 

External wall 

insulation (%) 

Most common type of installation 

Windows 

Double glass  

Triple glass 

Double glass with low emission coating  

Triple glass with low emission coating  

Do not know 

 

46 

35 

  9 

19 

 0.4 

 

 

 

NA 

 

 

 

 

NA 

Insulation 

Mineral wool 

Cellulose 

Fibre board 

Cellplast 

Others 

Do not know 

 

 

NA 

 

73 

11 

2.8 

0.7 

4.3 

8.2 

 

66 

 7 

7.3 

1.6 

2.5 

15.1 

http://en.wikipedia.org/wiki/Norrbotten_County
http://en.wikipedia.org/wiki/V%C3%A4sterbotten_County
http://en.wikipedia.org/wiki/V%C3%A4sternorrland_County
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Thickness of  insulation 

0 – 100 mm  

101– 200mm  

201– 300mm 

301– 400mm 

> 400 mm 

Do not know 

NA 

 

  6 

19 

22 

16 

12 

21 

 

14 

34 

18 

  6 

  0.7 

27 

Age of installation  

 <  10 years  

10 –20 years  

20 – 35 years 

> 35 years      

Do not know 

 

 29 

 18 

 24 

 18 

11.6 

 

21 

20 

27 

15 

17.6 

 

 14 

 17 

 28 

 22 

19.6 

Note: NA = Not applicable; A few respondents had more than one type of window 

 

4.2 Need for a new installation 

About 71%, 80% and 91% of respondents had no intention of changing their windows 

or improving their attic or wall insulation, respectively, during the next ten years (Table 

2). This shows that a vast majority of homeowners are not going to adopt such measures 

in the near future. This could be due to several reasons discussed in the following 

sections. 

Table 2: Percentages of respondents (excluding ―do not know‖ responses) reporting 

about their plans to implement various building envelope energy efficiency measures. 

 
Plan to replace or improve  

the existing installation  

No plan  (%) 

 

Yes, within 3 years 

 (%) 

Yes, 3-10 years (%) 

Windows 

Attic insulation 

Wall insulation 

71 (N = 690)
1
 

80 (N = 725) 

91 (N = 820) 

16 (N = 158) 

11 (N = 102) 

  4 (N =   37) 

13 (N = 124) 

 9  (N =   78) 

  5 (N =   45)  

1) N = Number of responses  

 

4.2.1 Satisfaction with existing installation 

A potential adopter who is satisfied with an existing building envelope installation is 

less likely to need a new installation. The majority of the respondents felt that the 

physical condition of their windows (68%), insulation of their attic (72%) and insulation 

of their walls (72%) were in good condition (Table 3). About 73% and 80% of the 

respondents were satisfied with the aesthetics of their windows and façade, respectively.  

The majority of the respondents were satisfied with the thermal performance of their 

windows (65%) and attic (70%) and wall (72%) insulation (Table 3). A similar 

percentage of respondents (82%) reported that they did not feel any cold ingress in their 

house (not shown in table). Among the 18% who felt cold air ingress, 55% reported that 

windows were the source of the cold draft.  

Table 3: Percentage of respondents (excluding ―do not know‖ responses) reporting their 

perception of various attributes of existing building envelope components  

Attributes Respondent category Window (%) Attic 

insulation (%) 

External wall 

insulation (%) 
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Physical 

condition 

Bad     8 (N= 85)  8 (N= 73)  5 (N= 47) 

Neither bad nor good    24 (N=257) 20 (N= 183) 23 (N= 220) 

Good   68  (N= 737) 72 (N= 669) 72 (N= 681) 

Thermal 

performance 

Dissatisfied   12 (N= 127)  9 (N= 84)  7 (N= 74) 

Neither dissatisfied nor satisfied   23 (N= 244) 21 (N= 202) 21 (N= 206) 

Satisfied   65 (N= 681) 70 (N= 656) 72 (N= 731) 

 

Aesthetics
1
 

Bad     9 (N= 99) NA  5 (N= 51) 

Neither bad nor good  18 (N=188) NA 15 (N=166) 

Good   73  (N= 787) NA 80 (N= 857) 

Cold air ingress Yes  55 (N=102) 14 (N= 26) 29 (N= 55) 

1) Refers to aesthetics of windows and facade, NA = Not applicable, N = Number of responses 

 

Dissatisfaction with existing installations will encourage the adoption of new ones. 

Respondents would implement a new installation if they thought that the existing 

installations were in bad physical condition, had poor aesthetics, or poor  thermal 

performance (Table 4). For example, 83% of the respondents whose windows were in 

bad physical condition might replace them, while only 14% among those who had 

windows in good condition might do so. Respondents who felt cold air ingress were more 

likely to adopt a building envelop measure.  

Building envelope measures were more likely to be adopted as the age of the 

installations increased. For example, about 49% of the respondents whose windows were 

more than 35 years old would install new windows, but only 18% of those who had 

windows less than 10 years old would do so (Table 4). We found that respondents were 

more likely to replace their windows and improve their attic or wall insulation when they 

had to renovate the façade.  

Table 4: Attribute-wise percentage of respondents planning to replace their windows or 

improve insulation during the next 10 years  

Attributes  Respondent category Percentage of respondents who plan to replace 

windows or improve insulation during the next 

10 years
1
 

  Window Attic insulation External wall 

insulation 

 

Physical condition 

Bad 83 (N =   63) 68 (N =  48) 36 (N =  14) 

Neither bad nor good  53 (N = 118) 37 (N =  55) 17 (N =  27) 

Good 14 (N =   94)  11 (N =  63)  5  (N =  28) 

 

Thermal 

performance 

 

Dissatisfied 62 (N =   68)  59 (N =  42) 42 (N =  23) 

Neither dissatisfied nor satisfied 52 (N = 109)  37 (N =  61) 14 (N =  22) 

Satisfied 15 (N =   93)  10 (N =  59)  5 (N  =  31) 

 

Aesthetics
2
 

Bad 71 (N =   62)  NA
3 

 41 (N =  13) 

Neither bad nor good  54 (N =   86)  NA 19 (N =  24) 

Good 18 (N = 126) NA   6 (N =  42) 

Cold air ingress Yes 51 (N =   85) 37 (N =  52) 22 (N =  29) 

No 24 (N = 189) 16 (N = 120)  7 (N  =  51) 

Other Factors  

Age of the < 10 years 18 (N =   45) 14 (N =  23) 11 (N = 12) 
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installation 10 -20 years 21 (N =   31) 20 (N =  29)  8 (N  = 10) 

20 – 35 years 39 (N =   81) 19 (N =  38) 10 (N =  20) 

> 35 years 49 (N =   70) 32 (N =  35) 11 (N =  16) 

Plan for changing 

external wall 

Yes 74 (N =   51)  60 (N =  36) 82 (N =  53) 

No 24 (N = 210) 16 (N = 125)  3 (N  =  22) 

1) Chi–square tests showed a significant relationship (p ≤ 0.01) between respondents‘ perception of the 

attributes and their plans to replace windows or improve attic or wall insulation. However, the relationship 

between the age of installation and respondents‘ plans to improve wall insulation was insignificant. N = 

Number of responses 

2) Refers to aesthetics of windows and facade  

3) NA = Not applicable 

4.2.2 Awareness of existing installation 

If potential adopters did not know about their existing installations, then it is less 

likely that they would adopt a new measure. Table 5 shows that the majority of the 

respondents knew about various attributes of their windows, attic and wall insulation. The 

percentage of respondents who did not know was highest for wall insulation, followed by 

attic insulation and windows. Respondents who knew about the type of installation, the 

thickness of the component and its physical condition were significantly (p ≤ 0.01 as per 

chi-square test) more likely to replace their installation than those who did not know 

about these aspects (result not shown in Table).  

Table 5: Percentage of respondents‘ who ―did not know‖ about various attributes of their 

building envelope component 
Attributes Percentage of respondents who “did not know” about their 

installation  

Window Attic insulation External wall insulation 

Type of installation
1
 0.4 (N = 1229)   8.2 (N=1060) 15.0 (N = 1065) 

Thickness of the installation NA  21.0 (N = 1052) 27.0 (N = 1054) 

Age of installation 11.7 (N = 943) 17.6 (N = 899) 19.6 (N = 898) 

Physical condition   0.4 (N =1083)   8.8 (N = 1014) 10.8 (N = 1063) 

Thermal performance of the installation   2.0 (N= 1073)   7.2 (N = 1016)   4.3 (N = 1058) 

1) Type of installation refers to type of windows and insulation material for attic and external wall; see 

Table 1 for common types of installations. NA = Not applicable. 

 

4.2.3 Perception of energy cost and importance of reducing energy use 

Homeowners were more likely to implement building envelope energy efficiency 

measure if it was perceived that annual household energy costs were high (Table 6). Chi-

square tests showed that the relationship between respondents‘ perception of energy costs 

and their plans to install a measure was significant for the installation of windows (p ≤ 

0.05) and improved attic insulation (p ≤ 0.01), but not for improved wall insulation.  

Table 6: Respondents‘ plans to adopt a building envelope energy efficiency measure 

during the next 10 years, in relation to their perception of household energy costs and the 

level of importance that they attribute to reduced household energy use   

Factors that may 

create a need 

Respondent category Percentage of respondents who plan to replace windows 

or improve insulation during the next 10 years 

Window Attic insulation External wall insulation 

Perceived share of Low 24 (N = 234) 12 (N = 219)  7 (N = 220) 
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energy cost in annual 

income 

Neither low nor high  28 (N = 379) 20 (N = 355)  8 (N = 353) 

High 34 (N = 297) 26 (N = 280)  13 (N = 275) 

Level of importance 

to reduce energy use 

in home 

Not important 20 (N = 146)  9 (N = 134)  7 (N = 138) 

Moderately important  27 (N = 194) 18 (N = 188)  8 (N = 182) 

Important 32 (N = 585) 24 (N = 542) 10 (N = 542) 

N = Number of respondents in each category 

About 66% of the respondents did not think that their energy costs were high. Still, it 

was important for about 63% of the respondents to reduce household energy use. The 

results of Table 6 show that only 32% of the 63%, who consider it important to reduce 

household energy use would install a window. A lesser proportion would improve attic or 

wall insulation. Still, respondents who thought that it was important to reduce household 

energy use were more likely to adopt a building envelop energy efficiency measure than 

those who did not think so. A significant relationship was found between the level of 

importance that respondents assigned to reducing household energy use and their plan to 

replace windows (p ≤ 0.05) or improve attic (p ≤ 0.01) or wall insulation (p ≤ 0.01).  

 

4.2.4 Demographic factors 

The influence of respondents‘ age, income, and education on their adoption of 

building envelope energy efficiency measures is presented in Table 7. A chi-square test 

showed that there was a significant relationship (p ≤ 0.05) between respondents‘ age and 

their plan to install a window or improve attic or wall insulation. Younger homeowners 

were more likely to implement such a measure. Respondents with higher education and 

higher income were found to be more inclined to adopt an energy efficiency measure, but 

the relationship was statistically insignificant.  

Table 7: Percentage of respondents in different age, income and education categories 

who planned to implement building envelope energy efficiency measures during the next 

10 years 
Respondent category Percentage of respondents who planned to replace 

windows or improve insulation during the next 10 years 

 Window Attic insulation External wall insulation 

Age    

< 36 years 41 (N = 56) 29 (N = 49) 12 (N = 49) 

36-45 years 34 (N = 170) 24 (N = 165) 13 (N = 160) 

46 -55 years 27 (N = 209) 22 (N = 194)  8  (N = 193) 

56-65  years 31 (N = 290) 20 (N = 271) 12 (N = 279) 

> 65 years 23 (N = 235) 13 (N = 214)   3 (N = 210) 

Annual income    

< 150 000 SEK  20 (N =  41) 13 (N = 38)   5 (N = 37) 

150 001 – 300 000 SEK  29 (N = 178) 21 (N =160) 10 (N = 164) 

300 001 – 450 000 SEK  31 (N = 236) 21 (N = 224) 11 (N =218) 

450 001 – 600 000 SEK  30 (N = 252) 20 (N = 230)   9 (N =233) 

> 600 000 SEK  30 (N = 229) 20 (N = 220)   9 (N =217) 

Education    

Primary education 25 (N = 268) 16 (N = 248)  8 (N = 255) 

Higher secondary school 32 (N = 329) 20 (N = 312) 11 (N = 307) 

University 29 (N = 360) 23 (N = 331)  9 (N = 326) 
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N = Number of respondents 

 

4.3 Information source 

Most potential adopters rely on interpersonal information in their adoption decisions 

(Rogers, 2003). We also found that interpersonal sources were the most important source 

of information in respondents‘ decisions to adopt energy efficiency measures. 

Construction companies, material suppliers and energy advisers were the second and 

third most important sources of information (Table 8).  

Table 8: Level of importance of various information sources as respondents plan to adopt 

building envelope energy efficiency measures 

 
Sources of information Total survey respondents Respondents who improved 

building envelope measures during 

the last 2 years 

N
1
 Mean

2
 N

1
 Mean

2
 

Interpersonal sources  940 3.58 (0.037) 125 3.66 (0.109) 

Construction companies/material 

suppliers  
916 3.45 (0.051) 124 

3.51 (0.112) 

 

Energy adviser  936 3.25 (0.043) 125 3.04 (0.126) 

Installers/vendors 903 3.13 (0.041) 121 3.23 (0.109) 

Internet  887 3.04 (0.045) 121 3.19 (0.127) 

Energy supplier  902 2.98 (0.041) 122 3.03 (0.113) 

Vi i Villa magazine 924 2.86 (0.037) 124 2.86 (0.110) 

Visiting a house to see the installation   916 2.83 (0.046) 123 2.72 (0.132) 

Swedish Energy Agency 900 2.73 (0.041) 122 2.55 (0.101) 

Exhibition 907 2.57 (0.040) 123 2.53 (0.112) 

Advertisement in TV 901 2.09 (0.033) 119 2.02 (0.088) 

Home delivered leaflets  888 1.98 (0.034) 120 1.91 (0.087) 

1) N = Number of respondents, Values in parentheses are standard errors 

2) Mean values are based on homeowners‘ ratings using an ordinal scale of 1 = Not important, 5 = Very 

important. Hence, an information source with a higher mean value is of greater importance. 

The level of importance attributed to various sources of information could vary between 

the general population and those who actually retrofitted building components. Results 

presented in Table 8 shows that the ranking of the various sources of information, based 

on the mean values, was almost same among the general respondents and those who have  

improved their existing building envelope component (s) during the last two years (i.e. 

since 2006). One exception is that, compared to the total survey respondents, respondents 

who improved their building component gave a higher priority to installers/vendors and 

internet than the energy advisers. 
 

Though the majority of respondents considered external actors like construction 

companies, material suppliers, installers and energy advisers as important sources of 

information,  only a few, including those who adopted building envelop measure during 

last 2 years, had consulted these sources, (Table 9). However, respondents, who actually 

made changes in their building envelop during the last 2 years, were more likely to 

consult a specific source than the total survey respondents.  
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Table 9: Percentage of respondents‘ who contacted an external actor to learn about 

household energy issues 

Sources of information Total survey 

respondents 

(%) 

Respondents who improved 

building envelope measures 

during the last 2 years (%) 

Construction companies / material supplier/installers 21 (N
1
 = 225) 31 (N = 41) 

Local energy advisers
20

 14 (N = 154) 20 (N = 27) 

1) N = Number of respondents who contacted the respective source 

 

4.4 Installation-related factors  

Potential adopters typically compare various alternatives based on a number of 

attributes of the innovations. We term such attributes of energy efficiency measures as 

―installation-related factors‖. The factors that are given high priority guide the decisions. 

A comparison of the mean values of respondents‘ ratings of the factors is presented in 

Table 10, with the factors ranked in descending order. The results showed that savings in 

terms of the annual cost of energy, along with investment cost, was the most important 

factor in homeowners‘ decisions to adopt energy efficient measures. Environmental 

factors were given lower importance. Aesthetics and improvements in social status were 

the least important factors in the decision to adopt energy efficiency measures. 

Table 10: Importance of installation-related factors in respondents‘ choice of building 

envelope energy efficiency measures (arranged according to decreasing mean value) 

 Total survey respondents Respondents who improved 

building envelope measures 

during the last 2 years 

Installation-related factors N
1
 Mean

2
 Wilcoxon 

test
3
 

N
1
 Mean

2
 Wilcoxon 

test
3
 

Annual saving of energy cost 1026 4.52 (0.024)  134 4.53 (0.059)  

Initial investment cost 1020 4.42 (0.027) **  131 4.43 (0.071) NS 

Functional reliability 954 4.13 (0.028) **  125 4.18 (0.075) ** 

Maintenance requirement 954 4.10 (0.028) N.S  124 4.19 (0.070) NS 

Indoor comfort 977 3.97 (0.029) **  126 4.10 (0.081) NS 

Environmental benefit 976 3.78 (0.031) **  128 3.80 (0.079) * 

Increase market value of house 973 3.58 (0.034) **  127 3.66 (0.100) NS 

Ease of installation 948 3.44 (0.033) ** 126 3.34 (0.098) * 

GHG emission reduction 937 3.38 (0.033) N.S  125 3.42 (0.095) NS 

Time required to collect 

information 
940 2.85 (0.035) 

**  
121 2.85 (0.085) ** 

Aesthetics 939 2.78 (0.036) N.S  125 2.85 (0.102) NS 

Improve status 931 1.72 (0.033) **  123 1.57 (0.086) ** 

1) N denotes the number of respondents 

2) A factor with a higher mean value is of greater importance. Values in parentheses are standard errors 

                                                 
20

 All the municipalities in Sweden have an energy adviser service. The energy advice service, run by 

municipality-sponsored energy advisers, is an informative policy instrument used by the Swedish 

government. The objective is to provide free and impartial information to end users on energy issues and 

energy policy instruments (Khan, 2006). 
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3)  ** denotes significant at p ≤ 0.01, * denotes significant at p ≤ 0.05, N.S – Not significant  

A Wilcoxon test was used to analyse the level of significance for each pair of 

adjoining factors in Table 10. For example, there was a significant difference in the 

respondents‘ ranking of the first factor (annual savings on energy cost) and the second 

factor (initial investment cost). However, there was no significant difference in the 

respondents‘ ranking of the factors‘ functional reliability and maintenance requirements. 

The test showed that except for a few pairs, there was a significant difference in the 

homeowners‘ rankings for most pairs of factors. 

We also compared the level of importance attributed to various installation-related 

factors between the general population and those who actually retrofitted their building 

components. Results presented in Table 10 shows that the ranking of the various 

installation-related factors, based on the mean values, was almost same among the 

general respondents and those who have improved their existing building envelope 

component (s) since 2006. One exception is that, compared to the total survey 

respondents, a higher number of respondents who improved their building component 

gave a higher priority to GHG emission reduction than the ease of installation.  

 

4.5 Ranking of energy efficiency measures 

We compared the respondents‘ ranking of energy efficient windows and attic and wall 

insulation improvements for the first ten factors mentioned in Table 10.  

Table 11: Comparison of building envelope energy efficiency measures with respect to 

installation-related factors 
Factors and energy efficiency measures

1
 N Mean

2
 Wilcoxon 

test
3
 

% of respondents 

who do not know 

(%) 

Annual energy cost reduction     

Attic  787 3.93 (0.038)   17.4 

Window  821 3.70 (0.037) **  15.6 

External wall  773 3.54 (0.039) **  20.1 

Initial investment cost     

Attic  745 3.13 (0.037)   21.6 

Window  803 2.36 (0.037) **  18.0 

External wall  726 2.35 (0.042) N.S  24.1 

Functional reliability     

Attic  719 4.19 (0.037)   24.2 

Window  750 4.14 (0.037) N.S  22.0 

External wall  694 4.02 (0.042) **  27.2 

Maintenance requirement     

Attic  723 4.18 (0.032)   23.7 

Window  738 4.03 (0.076) **  23.3 

External wall  699 3.96 (0.034) N.S  26.3 

Indoor comfort     

Window  795 4.07 (0.031)   18.8 

Attic  748 3.92 (0.035) **  21.5 

External wall  721 3.72 (0.037) **  24.9 

Environmental benefit     
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Attic  739 3.61 (0.041)   22.1 

Window  767 3.38 (0.039) **  20.7 

External wall  723 3.33 (0.041) N.S  24.2 

Market value of house     

Window  806 3.80 (0.035)   17.4 

Attic  774 3.54 (0.037) **  19.5 

External wall  747 3.54 (0.037) N.S  22.3 

Ease of installation     

Attic 777 3.78 (0.038)  19.1 

Window  795 3.44 (0.038) **  18.3 

External wall  746 2.80 (0.045) **  22.5 

GHG emission reduction potential     

Attic  602 3.42 (0.048)  36.7 

Window  623 3.19 (0.046) **  35.6 

External wall  584 3.15 (0.046) N.S 38.6 

Time required to collect information     

Attic  735 3.38 (0.043)  23.2 

Window  764 3.28 (0.042) N.S  21.3 

External wall  720 3.15 (0.045) N.S  24.8 

1) The terms ―Window‖, ―Attic‖, and ―External wall‖ refer to energy efficient windows, improvement of 

attic insulation and improvement of external wall insulation, respectively; N = Number of responses other 

than ―do not know‖  

2) In calculating the mean value, the ―do not know‖ responses were considered as missing values. Values in 

parentheses are standard errors 

3) N.S = Not significant, ** significant at p ≤ 0.01 

 

Table 11 shows that improved attic insulation was perceived as significantly better 

than energy efficient windows according to a majority of factors, except for increase in 

market value of the house and indoor comfort for which windows were thought to be 

better. The improvement of wall insulation ranked the lowest for all installation-related 

factors, but the Wilcoxon test revealed that its ranking compared to its nearest alternative 

was not significant for some of the factors.  

Several respondents did not know about at least one aspect of a building envelope 

energy efficiency measure. The percentage of respondents reporting ―do not know‖ was 

higher for insulation improvements to attics and walls compared to that for energy 

efficient windows. This result is in line with respondents‘ response to the question ―How 

well aware are you of energy efficient windows and energy efficient improvement 

possibilities in attic and wall insulation?” More respondents were found to be aware or 

very much aware about energy efficient windows (57%) than about attic (50%) or wall 

insulation (42%) improvement possibilities. 

Energy efficiency measures that have more perceived advantages may be 

recommended more to others through interpersonal communication. Our results 

corroborate this hypothesis. We found that a higher percentage of respondents would 

recommend attic insulation improvement to their friends and peers (41%) than would 

recommend energy efficient windows (27%) or wall insulation improvement (12%). 

4.6 Relevance of investment subsidies 
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About 36% of respondents reported that they knew about government support for 

reducing household energy use. Among them, about one-third knew about investment 

subsidies for the installation of energy efficient windows. In this category, 53% 

considered the subsidy important in their adoption decision, while 28%, especially those 

having annual household income of more than 300 000 SEK, thought that it was not 

important.  

 

5 DISCUSSION AND CONCLUSION 

 

The majority of homeowners did not intend to adopt an energy efficiency measure. 

This is largely because homeowners were satisfied with the physical condition, thermal 

performance, and aesthetics of their existing installations. Also, a majority of respondents 

did not think that their energy costs were high and they did not want to adopt investment-

intensive measures to reduce household energy use. Older homeowners were less likely 

to adopt any measures. 

Economic instruments could be used to encourage homeowners to adopt energy 

efficiency measures because they give high priority to investment cost and annual energy 

cost when making such a decision. Earlier research also showed that homeowners give 

high priority to those economic factors when adopting a new heating system (Hallin, 

1988; Mahapatra and Gustavsson, 2008a, 2008b; Mårtensson, 2006; Nilsson, 2004; 

Sernhed and Pyrko, 2006; STEM, 2005; Vinterbäck, 2000).  

Respondents who consider their energy cost as high were more likely to implement an 

energy efficiency measure. Our results support earlier studies (Nässén et al, 2008) which 

based on time series data showed that specific energy use for heating in existing Swedish 

buildings decreased when there was increase in energy prices. However majority of 

respondents of our survey did not consider their energy cost as high. Since, respondents 

gave higher priority to reduce the annual cost of energy than to environmental benefits, 

increasing energy prices using economic instruments to internalise the externalities could 

encourage people to implement energy efficiency measures. In Sweden, external cost of 

energy use is internalized through taxes on emission of CO2, sulphur and NOx. Moreover 

there are energy and electricity taxes. However as price elasticity of energy demand in 

Sweden is relatively low (-0.3 as reported by Nässén et al, 2008), and in such situations 

imposition of taxes to reduce energy use may be less effective (Ürge-Vorsatz et al, 2007). 

More detailed studies are needed to understand how to steer energy prices to influence 

homeowners to adopt energy efficiency measures.   

As homeowners give high priority to initial invest cost, investment subsides may 

encourage the adoption of investment-intensive energy efficiency measures. 50% of the 

respondents who were aware of investment subsidies for the installation of energy 

efficient windows also thought that the subsidy was important in their decision. However, 

64% of the respondents were unaware of the existence of any government support for 

reducing household energy use.  

Information campaigns announcing the availability of economic incentives and the 

cost advantages of energy efficiency measures may be helpful in adoption decision. 

Campaigns stressing the loss incurred by residents due to non adoption of energy 
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efficiency measures may be more effective than the one projecting the energy/monetary 

saving potential (Yates and Aronson, 1983). This is because people act more seriously to 

avoid a loss than to achieve a gain (Kahneman and Tversky, 1979).  

According to majority of respondents, improved attic insulation entailed less 

investment cost as well as greater energy cost-savings and hence has a better pay back for 

investment compared to other alternatives. The potential adopters are likely to invest 

more in measures that provide faster returns (Faiers and Neame, 2006), in our case 

improved attic insulation. However, we found that more homeowners were likely to 

adopt windows rather than improving attic insulation, largely because more homeowners 

were dissatisfied with their windows than with attic insulation. Furthermore, windows 

have a higher degree of observability as compared to attic insulation. If we encounter a 

problem frequently, we give priority to that problem more so than to others that are less 

observable (Milbourne, 2001). Hence, respondents who thought that their windows were 

in bad condition were more likely (83%) to replace them than those who thought that 

their attic insulation was in bad condition (68%).  

Awareness of better alternatives influences homeowners‘ decisions (Uitdenbogerd, 

2007). About 50% of the respondents mentioned that they did not know or knew little 

about building envelope energy efficiency measures. More respondents were aware of 

energy efficient windows than of improved insulation. This may be because of the 

recently launched (2006) energy efficiency labelling programme, an incentive scheme 

supporting energy efficient windows, and also because of the Swan labelling of 

windows
21

. Since more respondents were well aware about energy efficient windows than 

improved insulation, the need for energy efficient windows may be higher than for other 

alternatives.  

Many homeowners did not know about the age, thickness, physical condition, or type 

of material of the attic or wall insulation in their houses. Earlier studies had shown that 

the thermal conductivity of inorganic insulation in buildings can deteriorate significantly 

and that the material can lose its insulating properties depending on site condition 

(Karamanos et al., 2008). In not knowing the condition of their home insulation, a 

segment of homeowners might not be aware that the thermal properties of the existing 

insulation have deteriorated.  

Earlier studies have shown that informational strategies could be successful in 

promoting household energy efficiency measures (Henryson et al., 2000; Abrahamse et 

al., 2007). External actors like construction companies, material suppliers, installers, and 

energy advisers can create awareness and promote problem recognition. Respondents 

perceive these actors as important sources of information regarding energy efficiency 

measures. However, their strategy of using home-delivered leaflets to inform the 

homeowners about energy efficiency measures may not to be successful, since 

respondents gave low priority to this source of information. Personal contact made with 

the homeowners by external actors could be effective because homeowners give the 

highest priority to interpersonal communication when deciding to implement an energy 

efficiency measure.  

                                                 
21

 Windows with U value ≤ 1.3 W/m
2
K; the Swan label is recognised and understood by 97% of the 

Swedish population, (www.svanen.nu). 
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A very low proportion of respondents contacted external actors like municipal energy 

advisers, even though such actors are perceived as an important source of information. It 

is important to facilitate more interaction between homeowners and such change agents. 

In Sweden from January 2009 onwards it is mandated to have energy declaration for new 

detached houses and existing houses to be sold. The energy declaration by a certified 

energy auditor may contain suggestions to improve the energy efficiency of buildings
22

. 

This requirement will facilitate homeowners, especially those planning to buy or sell a 

house, to interact with energy experts and thereby improving their awareness about 

energy efficiency measures in residential sector. It could also be made mandatory for 

homeowners to contact an energy adviser when undertaking a major household 

renovation. Energy advisers could also be involved in the processing of various 

investment subsidies meant for energy efficiency measures in detached houses. They 

could also organize public meetings, for example in community centres, on a regular 

basis, wherein experts in energy sector may be invited to give talks to homeowners and to 

discuss issues pertaining to energy efficiency measures. Homeowners may then  pass on 

the information to others through interpersonal sources.  
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Abstract 

External actors can influence potential adopters to adopt energy efficiency measures. 

In Sweden energy advisers are one such actor group who provides energy advice and 

information to the end users. Currently, all municipalities offer energy advisers‘ service. 

The success of such service for improvement of energy efficiency of detached houses 

depends on homeowners‘ perception towards it. In this context we conducted a national 

survey of about 3000 owners of detached houses through stratified random sampling 

method in 2008 summer. We found that majority of owners' of detached houses consider 

energy advisers as an important source of information. Furthermore, many homeowners 

who contacted energy advisers for advice had implemented the suggestions. However, 

only a few homeowners had actually contacted energy advisers. Our findings suggest that 

it is beneficial to continue the energy adviser service, but more efforts are needed to 

increase homeowners‘ awareness of and satisfaction with such services. 

Keywords: Energy advisers, homeowners, energy efficiency 

 

1. INTRODUCTION 

Individuals make many decisions in their day to day life with variety of complexity, 

from easy decision like choosing the breakfast to more difficult ones like purchasing 

costly household equipment. Individuals give more weight to advice in a difficult 

decision situation compared to an easy one (Gino and Moore, 2007) as difficult decisions 

are usually associated with adoption of unfamiliar and investment intensive products. In 

such situations individuals seek advice to reduce high level of cognitive dissonance. 

External advice may help the potential consumer to clear their thoughts about the 

decision and improve their decision confidence (Heath and Gonzalez, 1995). Individual 

purchase decisions are mental exercise that may be influenced more by inputs from 

external sources.  

Adoption of many energy efficiency and renewable energy measures (henceforth, 

―energy measures‖) in detached houses, for example, replacing oil and electric heating 

systems with district heating, heat pumps or wood pellet boilers, improved 
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wall/attic/basement insulation, and installation of energy efficient windows reduce 

greenhouse gas emissions that causes climate change. However, lack of information or 

awareness about such measures reduces their adoption by homeowners (Owens and 

Driffill, 2008; Birner and Martinot, 2005). Furthermore, potential adopters may have 

difficulties in perceiving the advantages of adopting such measures if the economic gains 

are delayed or insignificant. This problem may be further accentuated in situations where 

homeowners do not receive the metered energy bill on a regular basis
23

. Following the 

definitions of Rogers‘ (2003), energy efficiency measures may be termed as preventive 

innovation. Preventive innovations diffuse slower than normal innovations because the 

level of awareness and understanding of the advantages about such innovations is usually 

lower than that of normal innovations.   

Homeowners rely on mass media and interpersonal sources to collect information and 

suggestions. Mass media communications like television (TV) or newspaper 

advertisement are more likely to influence the adoption decision of innovators and early 

adopters who together constitute a small percentage (about 16%) of the total potential 

adopters (Rogers, 2003). However, for the majority of potential adopters interpersonal 

sources like relatives, friends and peers are reliable sources for information on an 

innovation (Rogers, 2003; Arndt, 1967; Bearden et al, 1989; Midgley, 1983).  

Informational influence may happen in two ways; either the individuals seek 

information from experts or they observe the behaviour of others and make inferences 

(Whan and Lessig, 1977). These experts are termed as change agents who influence the 

decision of a potential adopter in a direction desirable by the change agency (Rogers, 

2003). In Sweden, local authority energy advisers (henceforth ―energy advisers‖), 

operating in all municipalities, are change agents on behalf of the state to influence 

homeowners to adopt energy efficiency measures. Homeowners may contact an energy 

adviser to reduce the burden of collecting information from number of sources and 

interpreting the vast amount of information. 

The energy adviser concept was introduced in Sweden more than 30 years ago. During 

2003-2007 the energy advisors in the municipalities have received state support of 

approximately 40 million euro i.e., 8 million euros per year (STEM, 2009). Owners of 

detached houses are the main target group of the energy advice service (Khan, 2006), but 

empirical understanding of homeowners‘ perception of such a service is mostly lacking. 

Some studies showed that homeowners did not give high priority to energy advisers while 

installing innovating heating systems such as brine/water-based heat pumps, district 

                                                 
23

 Traditionally, electricity and district heat suppliers in Sweden provide their customers a quarterly bill 

with an estimation of energy use and the cost involved, and the bill with the metered energy use and 

associated cost is usually provided once in a year. However, new regulations require the suppliers to 

provide monthly bills of actual energy use and associated cost. Moreover, smart meters are also started to 

be installed so that consumers can track real time energy use.  
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heating or pellet boilers (Mahapatra and Gustavsson, 2009; Mahapatra and Gustavsson, 

2008; Nilsson, 2004; STEM, 2005; Vinterbäck, 2000). But, more studies are needed to 

understand the role of energy advisers in diffusion of energy measures. This study 

contributes to such an understanding through an analysis of homeowners‘ response to a 

questionnaire survey on adoption of energy measures to reduce their household thermal 

energy use.   

 

2. CONCEPTUAL FRAMEWORK 

Homeowners pass through number of stages while implementing advices of an energy 

adviser (Figure 1). First of all they must have a need for adopting an energy measure 

(Rogers, 2003). A need is created if homeowners recognize a problem (Hawkins et al, 

2007) with existing energy use or installations. Once a need is felt, homeowners may 

seek information or advice due to lack of knowledge about available energy measures or 

to get assurance about their anchored decision. In this paper we have excluded these two 

steps from empirical analysis and concentrated on the following steps which are enclosed 

in dotted lines in Figure 1.  

 

Need for an energy measure 

Lack of knowledge/getting assurance about 

decision 

Awareness about energy advisers in their 

locality 

Contacting the local energy advisers 

Level of satisfaction with advice 

Implementation of advice 

Perception about importance of energy advisers 

 

Figure 1: Steps in homeowners‘ implementation of advice of an energy adviser. 

Homeowners collect information on energy measures from mass media and 

interpersonal sources. However, the available information could be too little or irrelevant 
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for decision making. There could also be vast amount of information available about 

various energy measures, but individuals due to their limitation of acquiring, processing 

and retaining such information may find it difficult to choose the appropriate alternatives 

(termed as bounded rationality). Hence, they may contact change agents such as energy 

advisers, installers, construction firms, energy suppliers etc. Energy advisers are 

contacted to learn about several aspects of energy system, but more often about heating 

systems, subsidies, energy saving (STEM, 2007). An installer, construction firm, or 

energy supplier may provide information specific to their product or service.  

In any case, homeowners‘ willing to seek advice or collect information from change 

agents must be aware of existence of such actors in their locality. The ―locality‖ aspect is 

important because it is easy for the homeowners to make a personal visit to a local energy 

adviser to have a detailed discussion about energy related issues. They could use email or 

telephone service to contact an energy adviser located far away, but such contacts may 

not be effective for complex problems.  

Awareness is necessary, but not a sufficient condition for homeowners to contact an 

energy adviser. The probability of contacting a specific change agent depends on 

homeowners‘ perception of obtaining required and trustworthy information from such 

sources. The trustworthiness of a change agent working without profit motive (e.g. state 

agents or non-governmental organizations) is higher than one (e.g. marketing agents) 

working for profit motive (Rogers, 2003). Hence, theoretically, energy advisers should be 

contacted for impartial advice. However, if homeowners perceive that the quality of 

advice or information provided is not good (for example through negative feedback from 

other homeowners) then they may not contact the energy adviser. Furthermore, 

irrespective of a positive perception, homeowners may not actually contact an energy 

adviser if they do not have a need for implementing an energy measures. 

Homeowners‘ implementation of advice from energy advisers depend on their level of 

satisfaction with such advices. If homeowners perceive that the quality of energy advice 

is not satisfactory then they may not implement the suggestions.   

 

3. ENERGY ADVISER SERVICE IN SWEDEN 

 

3.1 The concept 

In Sweden energy advice services are provided by some energy companies, a few 

consultants, but mainly by all municipalities. Providing energy advice service through 

municipality operated energy advisers is an informative policy instrument used by the 
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Swedish government. The objective is to provide free and impartial information to end 

users on energy issues and also about energy policy instruments (e.g. subsidies) (Khan, 

2006). Some authors claim that the role of energy advisers has evolved more to inform 

homeowners about subsidies and taxes, but technical advice to reduce energy use were 

still important function (Nilsson and Mårtensson, 2003). 

Since the late 1970s, municipalities have formulated energy plans periodically with an 

objective to improve energy efficiency, reduce oil use, and increase use of renewable 

energy sources (Nilsson and Mårtensson, 2003). Provision of energy adviser service to 

the end users helps achieve the objectives of energy plans. Municipalities either employ 

or hire energy advisers comprising of both full time and part time workers. The Swedish 

Energy Agency (STEM) manages the fund and provides training materials. Regional 

Energy Agencies coordinate the activities of energy adviser in their respective regions. 

The work of energy adviser is heavily dependent on central subsidy as only a small 

percentage of municipalities support them with some sort of financial assistance. There is 

large difference between different municipalities‘ attitude towards energy advice, while 

some take it very seriously, others consider it just to avail some extra monetary gain from 

the centre (Khan, 2006).  

3.2 History  

The energy advice service in Sweden is now three decades. This service was 

introduced as a reaction to the oil crises in the 1970s. Swedish government gave subsidies 

to municipalities for providing advice to homeowners on energy related issues. The 

subsidies were available from 1977 – 1986 and almost all municipalities had some form 

of energy advice service (Khan, 2006). In 1986, subsidies were withdrawn as the central 

government expected that the municipalities would support such services on their own 

(Swedish Government, 1996). But, majority of the municipalities withdrew the services. 

In 1998 the subsidies for energy advice service were reintroduced by the central 

government under the local energy advice programme (LEAP). The potential clients for 

the programme were identified as households, local companies and local organization, 

but in practice single family detached houses were the main target group (Khan, 2006). 

The first phase of the LEAP programme was from 1998 – 2002 after which it continued 

for the second phase from 2003 – 2007. Under the LEAP programme all municipalities 

receive an annual grant for employment of energy adviser service. The grant covers at 

least a half time employment of an energy adviser, and the budget is allocated such that 

all 290 municipalities can avail such subsidy (Khan, 2006). Swedish government has 

decided to extend the programme for another three years from 2008 – 2010. At this 

moment (January 2009) the future of energy adviser service post-2010 is not known.   
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4. METHODOLOGY 

We used a questionnaire survey to understand more about the perception of owners of 

detached houses about energy advice service. Several questions on homeowners‘ 

perception of energy advisers were included in a questionnaire that was used mainly to 

gather information about homeowners‘ attitude towards implementation of energy 

measures. Stratified random sampling method was used and the survey was conducted 

through Statistics Sweden during May –July 2008. Sweden is divided into 8 

Nomenclature of Territorial Units for Statistics (NUTS) region and the questionnaire was 

sent to a sample of owners of detached houses in each of these NUTS region. The total 

number of questionnaire sent out was 3059 and after two reminders the response rate was 

about 36%.  

Table 1: Composition of respondents in the original sample and those who responded, with 

respect to NUTS regions, age of house, age of homeowner, and annual household income. 

NUTS Region Age of house Homeowner’s age Annual household income 

 

SH1 

(N=3059) 
(%) 

RC1 

(N=1100) 
(%) 

Age 

group 
(years) 

SH1
 

(N=3013) 
(%) 

RC1
 

(N=1087) 
(%) 

Age 

group 
(years)  

SH1
 

(N=3039) 
(%) 

RC1
 

(N=1093) 
(%) 

Income 

group 
(1000 SEK) 

SH1
 

(N=3047) 
(%) 

RC1 

(N=1070) 
(%) 

Stockholm county 13 11 5 7 6 35 8 5  150 4 2 

Eastern-Central Sweden 13 13 6-15 10 9 36-45 21 17 150-300 15 14 

Småland and the islands 

of Öland & Gotland 
13 12 16-25 

20 17 
46-55 

23 21 
300-450 

22 22 

Southern Sweden 13 13 26-35 25 25 56-65 26 31 450-600 24 25 

Western Sweden 13 12 36-50 17 20 >65 22 26 > 600 35 35 

North-Central Sweden 13 13 >50 21 22       

Central Norrland 12 14          

Upper Norrland 12 12          

Total 100 100  100 100  100 100  100 100 

1) SH = Sampled homeowners, RC= Respondent category 

Since about 64% of the original sampled homeowners (SH) did not return the 

questionnaire there could be a non-response bias, i.e. a particular category of the survey 

recipients did not answer. The higher the refusal rate, the more important it is to ascertain 

whether the refusals are concentrated in certain groups (Weisberg, et al., 1996). We 

compared the composition of sampled homeowners with those who responded regarding 

NUTS region, age, and income (Table 1). No significant non-response bias was found 

from the above comparisons, except that homeowners below 45 years were under-

represented and those older than 55 years were over-represented. 

 

5. RESULTS 

In the following we present the results of homeowners‘ responses to questions on 

various aspects of energy advisers.  Results are presented according to the conceptual 

framework outlined in Figure 1.  
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5.1 Awareness  

Homeowners were asked if there exists any energy adviser in their locality. About 

50% of respondents mentioned ―yes‖, while 7% indicated that there was no energy 

adviser service in their locality. Significantly, 43% of respondents reported that they ―did 

not know‖ about the existence of such services in their locality. However, most 

respondents seem to be aware about the term ―energy adviser‖ as 936 out of about 1100 

respondents answered to a question on their perceived importance of energy advisers as a 

source of information on energy measures (see Table 2).    

5.2 Perceived importance 

Homeowners may consult various sources for collecting information prior to the 

implementation of energy measures. The extent to which a particular source will be 

consulted will depend on the perceived importance of such a source. Our survey (Table 2) 

showed that respondents consider interpersonal sources as the most important source of 

information when deciding to adopt energy measures to reduce the thermal energy use of 

buildings. Construction companies and material suppliers, and energy advisers were the 

second and third most important sources for information. Mass media channels such as 

advertisement in TV and home-delivered leaflets are of least importance.  

Table 2: Homeowners‘ perceived level of importance of various sources of information 

on energy measures to reduce household thermal energy use  
Sources of information Total survey 

respondents 

Respondents who improved 

attic/wall/basement insulation, or installed 

a door/window during the last 2 years 

N
1
 Mean (S.E.)

2
 N

1
 Mean (S.E.)

2
 

Interpersonal sources  940 3.58 (0.037) 120 3.63 (0.116) 

Construction companies/material 

suppliers  
916 3.45 (0.051) 120 3.52 (0.117) 

Energy adviser  936 3.25 (0.043) 121 3.08 (0.129) 

Installers/vendors 903 3.13 (0.041) 116 3.25 (0.109) 

Internet  887 3.04 (0.045) 116 3.22 (0.131) 

Energy supplier  902 2.98 (0.041) 117 3.03 (0.118) 

Vi i Villa magazine 924 2.86 (0.037) 120 2.86 (0.112) 

Visiting a house to see the installation   916 2.83 (0.046) 118 2.72 (0.137) 

Swedish Energy Agency 900 2.73 (0.041) 118 2.51 (0.114) 

Exhibitions 907 2.57 (0.040) 117 2.53 (0.104) 

Advertisement in TV 901 2.09 (0.033) 115 1.97 (0.089) 

Home delivered leaflets  888 1.98 (0.034) 115 1.86 (0.086) 

1) N = Number of respondents  

2) Mean values are based on homeowners‘ ratings using an ordinal scale of 1 = Not important, 5 = Very important. Hence, an 

information source with a higher mean value is of greater importance. S.E. = Standard error 

The level of importance attributed to various sources of information could vary 

between the general population and those who actually retrofitted a building component. 

Results presented in Table 2 show that the ranking of the various sources of information, 
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based on the mean values, was almost same among the general respondents and those 

who have installed a door or window, or improved the existing attic/wall/basement 

insulation during the last two years (i.e. since 2006). One exception is that, compared to 

the total survey respondents, respondents who have installed a building component gave a 

higher priority to installers/vendors and the internet than the energy advisers. 

Respondents having different socio-demographic characteristics accorded varying 

level of importance to the sources of information (Table 3). For example, respondents 

who lived in Stockholm county, university educated or less than 45 years old gave 

significantly higher priority to interpersonal sources, compared to the average importance 

attributed to that source by the total respondents. Similarly, energy advisers were more 

important for respondents who were more than 55 years old. Construction companies or 

Swedish Energy Agency was equally important for all groups of respondents.    

Table 3: Socio-demographic groups which attribute significantly greater importance to 

an information source, compared to the average importance given to that source by the 

total respondents
1
 

  Respondents’ socio-demographic characteristics 

Sources of information NUTS Regions Gender Education Age  Household income 

Interpersonal sources Stockholm county   University <45 years   

Construction company          

Energy advisor     >55 years   

Installer    Basic    

Internet    University <45 years >450 kSEK 

Energy supplier  Female Basic     

Vi i Villa      <36 years   

Visit a house      >65 years   

Swedish Energy Agency          

Exhibitions  Male       

Advertisement in TV and newspaper      <36 or >65 years   

Home-delivered leaflets      <36 years   

3) Based on significance (p<0.05) of chi-square statistic of crosstab between the variables ―level of importance (5 levels)‖ of an 

information source and each ―socio-demographic‖ characteristics of the respondents (8 NUTS regions, 2 gender groups, 3 levels of 

education, 5 age groups, 5 income groups) 

  Respondents who consulted a specific source of information accorded highest 

importance to that source without any major change in importance attached to other 

source. For example, respondents who contacted construction companies and material 

suppliers considered that source as of most importance. Similarly, energy advisers were 

most important for those respondents who contacted them. Respondents who contacted 

an energy supplier however, did not accord highest level of importance to that source.  
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5.3 Actual contact  

Homeowners may be aware of a specific source of information, to which they may 

also accord higher importance, but still they may not actually consult that source. For 

example, we found that 25% of those who were aware about energy adviser service in 

their locality had ever consulted an energy adviser. Similarly, 48% of the survey 

respondents considered that energy advisers were important source of information on 

energy measures, but about 14% of the respondents had ever contacted an energy adviser 

(Table 3). A greater proportion contacted builders/material supplier/installers (about 

21%) and supplier of heat (18%) than an energy adviser.  

Furthermore, homeowners who actually made changes in their building envelop were 

more likely to consult a specific source than the total survey respondents (Table 3). The 

proportion increased by 10% for builders/ material supplier/installers and 6% for energy 

advisers. Still, 70 to 80% did not consult these sources while retrofitting the building 

envelope.       

Table 3: Percentage of respondents who ever contacted an information source to learn 

about household energy issues 
Sources of information Total survey 

respondents 

Respondents who improved 

attic/wall/basement insulation, or installed 

a door/window during the last 2 years 

Builders/ material supplier/installers 21 (N
1
 = 225) 31  (N = 41) 

Energy adviser 14 (N = 154) 20  (N = 27) 

Heat energy supplier 18 (N = 191) 17  (N = 23) 

1) N = Number of respondents who contacted the respective source 

5.4 Level of satisfaction with suggestions 

Respondents‘ perceived importance and degree of contact with builders/material 

suppliers/installers was higher than for energy advisers. This could be because the 

average proportion of respondents who thought that the suggestions of a particular source 

of information, to which they have consulted, were of good quality was higher for 

builders/material supplier/installers (62%) than for energy advisers (52%) (Table 4). A 

greater proportion of respondents in Upper Norrland (69%), who consulted an energy 

adviser, thought that the energy adviser‘s suggestions were of good quality, while it was 

62% in North-Central and 44% in Central Norrland NUTS regions.    

Table 4: Percentage of respondents attributing quality of suggestions provided by various 

sources of information 
Sources of information Quality of suggestion 

Good Neither good nor bad  Bad 

Builders/ material supplier/installers (N
1
=225) 62.0 27.8 10.2 

Energy Adviser (N=156) 52.5 34.6 12.9 
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Heat energy supplier (N=169) 48.0 37.3 14.7 

1) N = Number of respondents who contacted the respective source and answered about quality of the suggestions 

5.5 Implementation of suggestions 

About 57% of respondents who consulted the energy advisers, especially those who 

thought that the suggestions were of good quality (69%), had implemented the energy 

adviser‘s suggestion. Those who did not implement the suggestions reasoned that the 

suggestions were not specific (21%) or already implemented (24%) or expensive to be 

implemented (33%). 

Energy advisers have an important role to provide information about government 

programs (e.g. subsidies) to reduce energy use. Therefore, we analyzed if the proportion 

of respondents aware about government programs varied between those who consulted an 

energy adviser and the respondents in total. We found that the awareness level about 

government programs was higher among the respondents who consulted an energy 

adviser (53%) than the total survey respondents (38%).  

 

6. DISCUSSION AND CONCLUSIONS 

Availability of information and provision of expert advice improves the judgment 

accuracy of the potential adopters (Sniezek et al, 2004; Yaniv and Kleinberger, 2000). 

Homeowners, who intend to implement energy measures, could collect information and 

seek advice from various sources. Among them, energy advisers are important because 

they are mandated to provide impartial information without any profit motive. Our results 

showed that 14% of the respondents, or 23% of those who retrofitted their building 

envelop components during the last 2 year, have ever contacted an energy adviser. A 

study in 2007 also showed that about 14% of homeowners would contact an energy 

adviser for heating system related information (Mahapatra and Gustavsson, 2008). 

However, STEM (2008) reported that about 5% of Swedish adults contacted an energy 

adviser annually, but the report did not show how many have contacted an energy adviser 

ever.  

A significant percentage of potential homeowners who might gain from interaction 

with energy advisers do not contact them for information/suggestion. One of the reasons 

for this could be low awareness about energy adviser service. Our results showed that 

50% respondents were aware about the existence of such a service in their locality. 

However, STEM (2008) found that 35% of Swedish adults in 2007 were aware about 

availability of energy advice service in their municipality. One option to increase 

homeowners‘ awareness and interaction with energy advisers is to involve energy 

advisers in the processing of homeowners‘ applications for various investment subsidies. 
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This will encourage more homeowners to contact energy advisers and learn about energy 

measures. 

About 25% of respondents who were aware about energy adviser service and 25% of 

those who perceived energy adviser as important source for information ever contacted 

an energy adviser. Hence, even if respondents to our survey were aware of and giving 

importance to energy advisers, still they did not consult the advisers. This could be 

because they did not have a need for an energy measure. Nair et al. (2009) and Mahapatra 

and Gustavsson (2008) reported that more than 70% of the Swedish homeowners did not 

intend to implement building envelope energy measures or heating system measures, 

respectively.  

About 48% respondents, particularly those who contacted an energy adviser, and 58% 

of the Swedish adults (STEM, 2008), considered that energy advisers were an important 

or a very important source of information on energy measures. Hence, this service has a 

good potential to influence the homeowners to adopt energy measures. However, a 

greater proportion of respondents thought that builders, material suppliers or installers 

were an important or a very important source of information on energy measures. 

Mahapatra and Gustavsson (2008) also found that installers were the most important 

source of information on heating system. This result also invalidates Rogers‘ (2003) 

assumption that profit oriented marketing change agents have less credibility in the eyes 

of customers. Builders, material suppliers or installers could be motivated to provide 

comprehensive information about energy measures, but they may not provide impartial 

information as they would be interested to promote their own product/service. Mass 

media channels may be less effective because they were considered as less important.  

Homeowners may give priority to builders, material suppliers or installers while 

implementing a building envelope measures because these actors visit homes and indulge 

in interpersonal communication (the most important source of information according to 

our results) to make on-the-spot assessment of homeowners‘ requirement of various 

energy measures. If energy advisers would make home-visit, which is not the case 

currently, they might improve their influence on homeowners. Furthermore, energy 

advisers could interact with builders, material suppliers or installers to learn from each 

others experience and share latest knowledge on energy efficiency measures in buildings. 

Swedish Energy Agency encourages energy advisers to work on activities like meetings 

with community groups and electricians and other professionals who have influence on 

homeowners‘ adoption decision on energy measures so as to increase their client base 

(Khan, 2006). However, at present such interactions by energy advisers are not common 

(STEM, 2007).  

It is difficult to measure the impact of energy adviser service with regard to adoption 

of energy measures due to several reasons. There are monitoring challenges as advice is 
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provided to thousands of homeowners across Sweden. Furthermore, it is difficult to 

distinguish the influence of an information policy instrument from other instruments like 

subsidies (Khan, 2006). Nevertheless, extrapolating our survey findings, it may be 

roughly estimated that about 8% of owners of detached houses in Sweden were 

influenced by energy advisers. Out of 14% respondents who contacted them, 57% 

implemented the suggestions. STEM (2008) reported that about 9% of the Swedish adults 

in 2007 thought that energy advisers‘ suggestion was important in their decision to make 

energy related investments
24

. This result is questionable since, only 5% of the 

respondents to that survey actually consulted an energy adviser. Another indication of 

energy advisers‘ influence on our survey respondents is that the level of awareness about 

government support is more among the respondents who contacted energy advisers 

compared to the general sample.  

One of the factors that influence the implementation of suggestions is customer‘s 

perception of the quality of the advice (Jungermann, 1999; Harvey et al, 2000).  

Typically, customers dissatisfied with a product or service engage in more interpersonal 

communication compared to satisfied customers (Hawkins et al, 2007), and exposure to 

unfavourable comments results in reduced purchase of a new product (Arndt, 1967). We 

found that about 54% respondents considered that the suggestions of energy advisers 

were of good quality. This mean 46% were not satisfied with the suggestions, which 

could be one of the reasons why majority of homeowners did not implement such 

suggestions. Moreover, unsatisfied homeowners may create an unfavourable image of 

energy advisers among his/her peer and friends circle through interpersonal 

communication, which was given highest importance by the respondents. Hence, steps 

might be taken to improve the communication skills and knowledge of energy advisers. 

The current situation where there are no standard requirements for a person to be 

recruited as an energy adviser might be amended. Better quality suggestions will increase 

the number of homeowners satisfied with the energy advisers, who could spread their 

knowledge through interpersonal communication. 
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 16% of the (ca) 53% of the survey respondents (STEM, 2008), who purchased an energy product/service, 

(≈9% of the population) reported that energy advisers‘ suggestion was important or very important in their 

decision.  
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Abstract 

Diffusion of low energy houses reduces greenhouse emission from residential sector. 

However, adoption of such houses depends on the perception of the potential buyers. In 

this paper we have analyzed Swedish homeowners‘ perception of low energy houses. 

Data was collected in 2008 from a mail-in questionnaire survey of about 3000 owners of 

detached houses. Results showed that about 39% of respondents, especially young, 

educated or whose household income was high, would consider buying a low energy 

house. Majority of the respondents agreed that a low energy house in comparison to a 

conventional house has lower operating energy cost, but higher investment cost. Majority 

thought that low energy houses do not have lower resale value, lower aesthetic 

appearance, or greater operational difficulty.  

Keywords: Low energy house, perception 

1. INTRODUCTION 

In the quest for reducing energy use and mitigate climate change increased attention is 

paid to energy efficiency of buildings, because this sector accounts for about 40% of the 

final energy use in Europe (European Commission, 2005). As operating energy 

constitutes a significant percentage of the total energy use in building life cycle, the 

importance of reducing it is widely acknowledged. In Sweden about 60% of final energy 

use in houses is for space heating and hot water applications. Increasing the market share 

of low energy houses, very low energy houses or passive houses can reduce the operating 

energy of residential sector in Sweden and over the past few years several such houses 

are being built. There are no standard international definitions to differentiate between 

these types of houses. Standards for low energy, very low energy or passive houses exist 

in Germany, Austria, Czech Republic, Denmark, United Kingdom, Finland and France 

(SBI, 2008). For example, the standards for a low energy house and a passive house in 

Belgium specifies that annual space heating demand should not be more than 30 kWh/m
2 

and 15 kWh/m
2
 (Audenaert, et al, 2008), respectively. But, this may vary depending on 

climate conditions (Wall, 2006). In Sweden, specifications for passive houses were 

finalized in 2008, according to which the maximum annual bought energy (excluding 

mailto:krushna.mahapatra@miun.se
mailto:gireesh.nair@
mailto:leif.gustavsson@miun.se
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household electricity) in a detached house should not be more than 55 kWh/m
2
 and 65 

kWh/m
2
 in south and north of Sweden, respectively (FEBY, 2008).   

The first passive house was built in 1991 in Darmstadt, Germany. Till the end of 2007 

about 10,000 such buildings, mostly residential houses, were built in that country (STEM, 

2008a). In Sweden the first passive house project consisting of 20 row houses was 

completed in 2001 in Lindås, located outside Gothenburg. Since then there has been 

steady increase in such constructions. Preliminary estimate suggests that a total of about 

350 residential units were built till end of 2008 (see http://www.passivhuscentrum.se for 

a list of projects). Hence, market for passive houses is growing slowly. The development 

may be similar for low energy houses (energy use lower than the stipulated in the 

Swedish BBR regulation) in general, though no specific statistics are available. The 

market for passive houses in detached house segment is virtually non-existent with the 

first passive detached house built in 2007 at Lidköping.  

There could be several factors influencing market development of low energy houses 

in Sweden.  There is limited knowledge and competence among the building 

professionals to built passive houses (Berglund, 2007), but there is increased research and 

development work funded by Swedish government. Project developers, mostly 

municipality owned housing companies (STEM, 2008a), are showing increased interest 

to build low energy houses (FEBY, 2007). One important factor that contributes to 

market transformation of low energy houses is the perception of potential buyers towards 

such houses. For example, it was reported that in Alingsås town occupants of rented 

apartments, which were planned to be renovated to passive house standard, thought that 

renovation cost would be very high and therefore, there would be strong increase in 

monthly rents after the renovation (STEM, 2008b). Such negative perceptions could act 

as barrier for increased adoption of low energy houses. Hence, to improve the demand for 

low energy houses, it is important to understand people‘s perception of cost, aesthetics, 

indoor environment, etc of such houses. Therefore, we asked a few questions on this 

issue to about 3000 owners of detached houses, in a questionnaire survey on adoption of 

energy efficiency measures in their existing houses. In the questionnaire we asked about 

low energy house which is a widely used terminology and covers passive house.  

The survey however was not conducted exclusively to study the perception of low 

energy house, but it was rather a part of the study to understand the perception of owners 

of detached houses towards implementation of energy efficiency measures. Furthermore, 

the survey participants already own house and therefore, they may not buy a new house. 

Consequently, they may not statistically representative the potential buyers of low energy 

houses. However, as they are part of the society, they may influence others in adopting 

low energy houses through interpersonal communication. Hence, it was important to 

understand the perception of this segment towards low energy houses. 

http://www.passivhuscentrum.se/
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2. THEORETICAL BACKGROUND 

Decision to buy a new house is an important occasion to majority of people and their 

decision are influenced by a plethora of factors which include economic and social 

aspects. A pre-condition for adoption of any innovation is need for that innovation 

(Dieperink et al., 2004; Hawkins et al., 2007; Rogers, 2003; Mahapatra and Gustavsson, 

2008) which arises when potential adopters recognize some problem with their existing 

belonging and therefore, feel dissatisfied with the same. Dissatisfaction with the existing 

house may be due to, for example, deteriorating physical condition of the house, high 

operating energy cost, and environmental concerns. However, concern for energy 

efficiency may not automatically encourage homeowners to engage in activities to reduce 

household energy use (Ritchie et al., 1981; Curtis et al., 1984; Holden, 2005; Aune, 2007; 

Olsen, 1981; Viklund, 2004), especially to implement investment-intensive majors like 

purchasing a low energy house. Furthermore, homeowners must be aware of low energy 

houses, if they will buy such a house.  

Homeowners intending to buy a low energy house are likely to make a comparative 

assessment with a conventional house. However, such assessments are rarely carried out 

under perfect information (Garrett and Koontz, 2008). This is because potential adopters 

have limited capacity to acquire, store, and process vast amount of information required 

to take a rational decision. This is termed as ―bounded rationality‖ (Simon, 1959). 

Nonetheless, adopters collect information from various sources which form their beliefs 

or perceptions about various attributes, for example, location, size, economic, and 

aesthetic aspects of available housing options. Between a conventional and low energy 

house, the one with greatest perceived advantage, particularly regarding attributes to 

which adopters give high priority, will be adopted and recommended to others by 

interpersonal communication, leading to an increased number of adoptions (Rogers, 

2003). In this paper we have analyzed homeowners‘ perception of five attributes of a low 

energy house vis-à-vis a conventional house: operating energy cost, investment cost, 

resale value, aesthetics, and operational difficulty.   

Potential buyers may buy a low energy house because the required energy to operate 

the house and the associated cost is lower than a conventional house. However, other 

attributes of a low energy house must be at least similar to a conventional house. If 

potential buyers have negative perceptions towards low energy houses due to the specific 

design features, e.g. passive houses without conventional heating systems or specific 

orientations to attract maximum sunlight, they are less likely to buy such houses. Hence, 

we asked the homeowners to answer if they thought that low energy houses have higher 

investment cost, lower resale value, lower aesthetics or greater operational difficulty 

compared to a conventional house.   

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V2W-4P5RW23-1&_user=651540&_coverDate=11%2F30%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=5713&_sort=d&_docanchor=&view=c&_acct=C000035178&_version=1&_urlVersion=0&_userid=651540&md5=0a7950ef66c550b2ade4f00fe02c9b7f#bib33
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V2W-4P5RW23-1&_user=651540&_coverDate=11%2F30%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=5713&_sort=d&_docanchor=&view=c&_acct=C000035178&_version=1&_urlVersion=0&_userid=651540&md5=0a7950ef66c550b2ade4f00fe02c9b7f#bib12
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V2W-4P5RW23-1&_user=651540&_coverDate=11%2F30%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=5713&_sort=d&_docanchor=&view=c&_acct=C000035178&_version=1&_urlVersion=0&_userid=651540&md5=0a7950ef66c550b2ade4f00fe02c9b7f#bib21
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Homeowners‘ socio-demographic characteristics may influence demand for low 

energy houses. Homeowners with higher income are more likely to buy a low energy 

houses because such houses are usually more expensive than similar conventional house. 

Also, young homeowners may be more willing to buy a low energy house as they can 

expect the extra investment to be paid back during their life time. Similarly, the 

probability of buying a low energy house due to energy and environmental reasons is 

likely to increase with increased level of education of homeowners. Moreover, gender 

issues play a role in the family‘s house purchase decision making process (Levy et al., 

2008). 

 

3. METHODOLOGY 

Survey research is a popular tool to gather information about individuals‘ attitudes, 

perceptions, preferences and socio-demographic characteristics. In this study we used 

mail-in questionnaire survey which imposes no time constraint for the respondents to 

reply, reduces interviewer induced bias, and improves anonymity (Rea and Parker, 2005). 

Stratified random sampling method was used to select the sample, because the population 

density in Sweden typically decreases from south to north. The strata consisted of the 

eight Nomenclature of Territorial Units for Statistics (NUTS) regions in Sweden
25

. 

Samples in each stratum were drawn in proportion to the size of the population. The 

survey was conducted through Statistics Sweden during May –July 2008. After two 

reminders, 36% of the 3059 sampled homeowners responded.  

Table 1: Comparison of composition of respondents‘ in the original sample and those 

who responded with respect to NUTS regions, age of house, age of homeowner, and 

annual household income. 

NUTS Region Age of house Homeowner’s age Annual household income 

 

SH1 

(N=3059) 

(%) 

RC1 

(N=1100) 

(%) 

Age 

group 

(years) 

SH1
 

(N=3013) 

(%) 

RC1
 

(N=1087) 

(%) 

Age 

group 

(years)  

SH1
 

(N=3039) 

(%) 

RC1
 

(N=1093) 

(%) 

Income 

group 

(1000 SEK) 

SH1
 

(N=3047) 

(%) 

RC1 

(N=1070) 

(%) 

Stockholm county 13 11 5 7 6 35 8 5  150 4 2 

Eastern-Central Sweden 13 13 6-15 10 9 36-45 21 17 150-300 15 14 
Småland and the islands 

of Öland & Gotland 
13 12 16-25 

20 17 
46-55 

23 21 
300-450 

22 22 

Southern Sweden 13 13 26-35 25 25 56-65 26 31 450-600 24 25 

Western Sweden 13 12 36-50 17 20 >65 22 26 > 600 35 35 

North-Central Sweden 13 13 >50 21 22       

Central Norrland 12 14          

Upper Norrland 12 12          

Total 100 100  100 100  100 100  100 100 

1) SH = Sampled homeowners, RC= Respondent category 

                                                 
25

 The NUTS regions are: Stockholm County, Eastern-Central Sweden, Småland and the islands of Öland 

and Gotland, Southern Sweden, Western Sweden, North-Central Sweden, Central Norrland and Upper 

Norrland. 
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As some 64% of the original sampled homeowners (SH) did not return the 

questionnaire there could be a non-response bias, i.e. a particular category of the survey 

recipients did not answer. The higher the refusal rate, the more important it is to ascertain 

whether the refusals are concentrated in certain groups (Weisberg, et al., 1996). We 

compared the composition of sampled homeowners with those who responded regarding 

NUTS region, age, and income (Table 1). No significant non-response bias was found 

from the above comparisons, except that homeowners below 45 years were under-

represented and those older than 55 years were over-represented. 

 

4 RESULTS 

4.1 Preference to buy a low energy house 

An indicator of demand for low energy house is potential buyer‘s preference to buy 

such a house over a conventional house. To a question on ―Would you consider buying a 

low energy house when planning to purchase a new house [kommer du att överväga at 

köpa ett lågenergihus om du bestämmer dig för att köpa ett nytt hus]‖, 39% of the 1068 

respondents answered ―yes‖, while 61% did not have any such intention. There could be 

several reasons why majority of the homeowners would not consider buying a low energy 

house. These include their awareness and concern to reduce household energy use, 

awareness and perceptions of low energy houses, and socioeconomic conditions.  

4.2 Awareness and concern about household energy use and willingness to 

consider buying a low energy house 

We asked the homeowners to report the actual quantity and cost of electricity used in 

their household during 2007. About 74% of the respondents could report the quantity, but 

only about 41% reported the actual cost. This indicates that homeowners are more aware 

about quantity than cost of household energy use. In fact about 23% did not know how 

much of their annual income goes towards energy use (Table 2). About 1/3
rd

 of the 

respondents reported that they spend less than 5% of their income towards household 

energy use. 

Table 2: Percentage of respondents reporting their share of income spent towards annual 

household energy use 

Share of income for cost of energy  % of respondent 

Do not know  22.8 

 less than 1%  3.6 

 1-5% 29.8 

 5-10% 31.3 

 More than 10 %  12.5 

 Total  (N=1033) 100.0 
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Though there is a lack of awareness among the majority of respondents about the 

actual energy expenses, but to a question ―what do you think about your annual cost of 

energy‖, 97% could report their perceptions (Table 3). This shows that majority people 

do not make decisions based on perfect information, but based on perceptions. This 

corroborates the notion of ―bounded rationality‖ discussed earlier. Respondents‘ answers 

on a 5-point ordinal scale (1 = very high, 5 = very low) were reconstructed to a 3-point 

scale and presented in Table 3. About 32% respondents thought that their energy cost was 

high, while 25% thought that it was low.  

Respondents who thought that their household energy cost was high were expected to 

be more inclined to consider buying a low energy house than those who though that their 

energy cost was low. Results in Table 3 shows that 41% among the respondents who 

thought that their energy cost was high would consider buying a low energy house, while 

the percentage was marginally lower for the other category of respondent. Chi-square test 

showed that the relationship between the variables ―respondents‘ perception of cost of 

household energy use‖ and their ―willingness to consider buying a low energy house‖ 

was not significant. Respondents among all categories of energy use (high, medium or 

low cost) were equally likely to consider buying a low energy house.   

Table 3: Respondents‘ perception of cost of household energy use and their willingness 

to consider buying a low energy house 

% of respondent reporting their 

perceived annual household energy cost  

% of respondents in each level of perceived energy cost 

that would consider to buy a low energy house 

High  32.3 41.0 

Average  39.8 38.5 

Low  24.5 38.7 

Do not know  3.4  

Total (N=1072) 100.0  

 

One of the factors that may positively influence the decision to buy a low energy 

house is the homeowners‘ attitude towards energy efficiency. We tried to understand this 

aspect through respondents‘ answer to the question ―how important is to reduce the 

energy use‖.  Their responses on a 5-point ordinal scale (1 = not important at all, 5 = very 

important) was reconstructed to a 3-point scale and presented in Table 4. About 62% 

mentioned that it was important for them to reduce household energy use (Table 4). 

About 44% among them would consider buying a low energy house, while 29% among 

the ―less important‖ category would do so. The proportion of respondents who would 

consider purchasing a low energy house increases significantly with increased level of 

importance of reducing household energy use.  
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Table 4: Respondents‘ level of importance of reducing household energy use and their 

willingness to consider buying a low energy house 

% of respondents attributing their level of 

importance to reduce household energy use  

% of respondents at each level of importance that 

would consider to buy a low energy house
1
 

Important  62.5 43.6 

Neither important nor unimportant  20.4 32.5 

Less important  15.0 29.3 

Do not know  2.1  

Total (N=1071) 100.0  
1) Chi-square test showed that the relationship between the variables ―respondents level of importance of reducing energy use‖ and 

their ―willingness to consider buying a low energy house‖ was significant at p < 0.05.   

Even though majority of respondent stated that reducing energy use was important, 

significant proportion of them (about 56%) would not consider buying a low energy 

house. This means people may not be willing to take investment-intensive measures to 

improve household energy efficiency. This is further corroborated from respondents 

answer to how much money they have invested during the last two years to reduce 

household energy use. Only about 19% of respondents made investments of more than 

25000 SEK
26

, while a significant 49% did not make any investment during the last two 

years to reduce their energy use (Table 5). There was no difference in investment 

behaviour of the overall sample and those stated that reducing energy use was important. 

Furthermore when asked what sort of action they may take to reduce their energy use, 

only about 36% reported to take any investment oriented measures, while the rest 

preferred no investment measures like switch off light or appliances, and reduce 

thermostat .  

Table 5: Percentage of respondents indicating monetary investments they made during 

the last two years to reduce household energy use 

Amount spent % of respondents 

0 SEK 48.9 

< 5000 SEK 14.7 

5001 - 25000 SEK 17.3 

25001 - 75 000 SEK 11.0 

75001 - 125 000 SEK 4.4 

> 125 000 SEK 3.7 

Total (N=1062) 100 

 

4.3 Awareness about and willingness to consider buying a low energy house 

Potential buyers contemplating to buy a house will deliberate upon the low energy 

house option only if they are aware about such houses. To the question ―are you aware 

about low energy house [känner du till lågenergihus]‖, 56% out of 1068 respondents 

reported that they aware of such houses while 44% were unaware (Table 6). Among the 

aware respondents, 48% might consider buying a low energy house. Interestingly, 27% of 

the unaware respondents would also consider buying such a house. This could be because 

                                                 
26

 €1 = (ca) 11 SEK in January 2009 
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they had some knowledge about low energy house but they did not consider that was 

enough to report that they were aware of such houses. This explanation is plausible since 

the number of respondents to specific questions (see Table 7) about low energy house 

(ranging from 830 to 856 i.e. about 80% of the respondents to our survey) was greater 

than the number of respondents (594) reporting that they were aware of such houses.

Table 6: Percentage of respondents, among those aware and unaware about low energy 

house, who would consider buying such a house  

  

 Aware about low energy house 

Consider to buy a low energy house 

Yes  No 

Yes (N=572)
1
 48% 52% 

No (N=444) 27% 73% 
1) ―N‖ represents the number of respondents who answered about both awareness of and intention to buy a low energy house. These 
numbers are less than the number of respondents who answered each aspect.    

4.4 Perception towards and willingness to consider buying a low energy house  

Respondents were asked to report their level of agreement to a number of statements on 

comparison of a low energy house vis-à-vis a conventional house. Their response on a 5-

point Likert scale (1 = do not agree at all, 5 = agree completely) was re-constructed to a 

3-point scale. Percentages of respondents with various levels of agreement to a statement 

are presented in the columns with heading ―% of N‖ in Table 7. For example, 68% of the 

respondents thought that low energy houses had significantly lower operating cost  

 

Table 7: Percentages of respondents at various level of agreement on statements about 

low energy house (compared to conventional house), and percentages of respondents at 

each level of agreement willing to consider buying a low energy house. 

Statements on low energy house 

Agree Neither agree or 

disagree 

Disagree 

% of 

‗N‘ 

% consider 

buying 
% of ‗N‘ % consider 

buying 

% of 

‗N‘ 

% consider 

buying 

Operating energy cost is much lower 

(N=856)
1
 

68.0 50.4 16.7 32.8 15.2 25.6 

Purchasing price is higher  

(N=836) 

66.5 43.0 24.5 48.3 9.0 40.3 

Resale value is lower  

(N=831)
1
 

11.6 34.4 26.1 31.3 62.3 51.9 

More difficult to operate 

(N=830)
1
 

15.3 36.9 33.0 38.2 51.7 50.2 

Aesthetic appearance is worse  

(N=834)
1
 

15.6 27.1 31.5 37.2 52.9 53.2 

1) Chi-square test shows that the relationship between respondents level of agreement to the statement and their willingness to 

consider buying a low energy house was significant at p<0.05. N = Number of respondents. 

compared to a conventional house, but 67% thought that investment cost was higher
27

. 

Except for investment cost, majority of the respondents did not have a negative opinion 

                                                 
27

 In the 12 CEPHEUS projects completed in 2001, the average additional expenditure incurred to construct 

the buildings to passive house standard was 8% of the total building cost, however in some of the 
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towards other aspects of low energy house. About 62% disagreed that resale value was 

lower and about 50% each disagreed that aesthetic appearance was lower or operational 

difficulty was greater. In other words, such percentages of respondents thought that low 

energy houses have at least similar resale value, aesthetic appearance or operational 

difficulty as a conventional house. These categories of homeowners may consider buying 

a low energy house because such houses additionally have lower operating energy cost. 

A significant 40% to 50% of the respondents had no clear opinion or a negative 

opinion towards aesthetics, operational difficulty or resale value of low energy house. 

This figure was 30% for operating energy cost. The respondents are less likely to 

purchase a low energy house than those who are convinced that such houses have similar 

attributes as a conventional house. In columns with heading ―% consider buying‖ in 

Table 7, we present the percentages of respondents, among each level of agreement to a 

statement on low energy house, who were willing to consider buying a low energy house. 

For example, about 50% of the 68% of respondents, who ―agreed‖ that operating cost of 

low energy house was lower, would consider buying such a house, while only 25% of the 

15% of the respondents, who ―disagreed‖ that operating cost of low energy house was 

lower would buy such a house. Chi-square test showed that the relationship between 

respondents level of agreement to the statement on operating cost of low energy house 

and their willingness to consider buying a such house was significant at p<0.05. From the 

chi-square test regarding other statements we concluded that respondents were more 

likely to consider purchasing a low energy house if they agreed that low energy houses 

have lower operating cost, do not have lower resale value, do not have lower aesthetic 

appearance, and are not more difficult to operate than conventional houses. Hence, 

demand for low energy houses could be increased by improving homeowners‘ perception 

of low energy houses. No significant relationship was found between respondents‘ 

perception of investment cost and their purchase decision of low energy house.  

4.5  Demographic variables 

There was a significant relationship between respondents‘ income, age, or education 

and their willingness to consider buying a low energy house. With increasing income and 

education, and decreasing age respondents were more likely to consider buying a low 

energy house (Table 8). No statistically significant difference was found concerning 

intention of men and women respondents.   

Table 8: Percentage of respondents in different income, age, education, and gender 

groups willing to consider buying a low energy house 

Income (1000 SEK)
1
 Age (Years)

 1
 Education

1
 Gender  

                                                                                                                                                 
demonstrative passive houses constructed in Sweden the difference in cost was higher (Janson, 2008). 

However, it may be economical to make a house to passive house standard, when a major renovation is due 

(Janson, 2008). 
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<150 (N=44) 27.3 <35 (N=52) 51.9 Basic (N=296) 27.4 Men (N=743) 39.7 

150-300 (N=190) 31.1 36-45 (N=172) 50.0 Intermediate (N=333) 39.3 Women (N=260) 36.5 

300-450 (N=251) 33.9 45-55 (N=217) 42.4 Higher (N=372) 47.8   

450-600 (N=253) 40.3 56-65 (N=314) 38.9     

>600 (N=236) 52.1 >65 (N=249) 25.3     

Total (N=974) 39.0 Total (N=1004) 38.8 Total (N=1001) 39.0 Total (N=1004) 39.0 
*Chi-square test shows that the relationship between the demographical variables and respondents willingness to consider buying a 

low energy house was significant at p<0.05. N = Number of respondents  

 

5. DISCUSSION AND CONCLUSION 

We found that more than 50% of the respondents were unaware about the actual 

annual cost of energy used in the household, but about 1/3
rd

 of the respondent thought 

that cost of energy was high. Hence, for 2/3
rd

 of respondents cost of energy may not be a 

motivation to take investment-intensive measures like purchasing a low energy house. 

We also found that there was no significant relationship between homeowners‘ 

perception of their energy cost and their willingness to consider buying a low energy 

house. This is further supported from the fact that about 63% of respondents reported that 

it was important for them to reduce the energy use, but majority of them preferred no 

investment measures like turning off light or appliances or reduce the thermostat to 

reduce household energy use.  

Homeowners who were aware about a low energy house were more likely to consider 

buying a low energy house than those who were unaware. And about 44% respondents 

consider themselves unaware about low energy house. Hence, in order to improve the 

market for low energy houses, it is important to increase the public awareness of such 

houses and energy efficiency measures in general. The passive house centre 

[passivhuscentrum] is spreading knowledge and awareness about passive houses through 

conferences, seminars, training classes and also through their website. 

Some studies on energy efficiency measures showed that Swedish homeowners while 

deciding to implement an energy efficiency measure in their houses give high priority to 

operating energy cost and investment cost (Nair et al., 2009; Mahapatra and Gustavsson, 

2008). Significant percentage of respondents believed that the operating energy cost of a 

low energy house was very low compared to a conventional house, but it is not clear how 

much premium people are willing to pay for a low energy house for a certain reduction in 

operating energy cost. Studies in USA showed that home buyers were not at all interested 

to pay more than $ (US) 5000 upfront for an annual saving of $ (US) 1000 (Hanson et al., 

2006). Though the attitude of Swedish homeowners towards low energy houses may be 

different than the Americans, still it seems to be difficult to generate demand for low 

energy houses on energy efficiency aspects alone.  
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Energy efficiency may not be the criteria to promote low energy house, but it could be 

an additional feature to the non-energy features. This is because evidence from other 

countries shows that people purchase a house based on aspects other than energy 

efficiency. For example, Farhar and Coburn (2008) reported that people in San Diego 

(USA) bought a zero-energy home based on features such as location, competitive price, 

and investment potential (i.e. resale value). Similarly, in Germany people purchased 

passive houses influenced by conventional features like ―good location‖, ―balcony‖, and 

―new buildings‖ (Schnieders and Hermelink, 2006). Hence, aesthetic aspect may be one 

of the factors for promotion of low energy houses. In our study as high as 40% 

respondents did not think that low energy houses have similar aesthetic quality or 

operational easiness as a conventional house.  

Majority of respondents thought that low energy houses incur higher investment cost 

compared to a conventional house. This perception could discourage homeowners to 

purchase a low energy house if they give priority to investment cost in their purchasing 

decision.  However, we did not find any significant relationship between respondents‘ 

perception of investment cost and their willingness to consider buying a low energy 

house. This may be because the respondents were already owners of detached house and 

therefore, they were not serious about buying a low energy house. Another reason could 

be that the monthly additional cost for a low energy house may not be substantially 

higher due to favourable housing loans in Sweden. 

The fact that about 39% of respondents may consider buying a low energy house 

indicates that there exists market for such houses. Potential innovators or early adopters 

(Rogers, 2003) of low energy house could be young, highly educated and higher earning 

individuals because they were found to be more inclined to consider buying a low energy 

house. They may be targeted through incentive schemes and marketing campaigns for the 

development of a niche market.  
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Abstract  

Replacing oil and electric heating systems with innovative heating systems (IHSs) such as bedrock heat pumps, 

district heating system, and pellet boilers will significantly reduce greenhouse gas emission from Swedish detached 

houses. However, realizing this potential depends on homeowners‘ adoption decision, which is influenced by their 

need, awareness and perception of the advantages associated with the IHSs. In this context, we conducted mail-in 

questionnaire surveys of 1,500 Swedish homeowners, selected through stratified random sampling method, in Fall 

2004, Spring 2007, and Summer 2008. A response rate of 42%, 48% and 37% was obtained in the 2004, 2007 and 

2008 surveys, respectively. One of the aims of the series of surveys was to find out if external factors such as 

provision of investment subsidies and mass media discussion of climate change issues had influenced homeowners 

awareness and perception of the advantages associated with the IHSs. Results showed that there was no appreciable 

change in homeowners‘ perceptions between the years surveyed. They consistently gave higher priority to economic 

factors over environmental factors in their decision to install a new heating system. Heat pumps were best perceived 

with respect to the annual energy cost of heating, environmental benignity, increased market value of the house, and 

low greenhouse gas emissions. Respondents felt that pellet boilers had the lowest investment cost, while district 

heating system had the perceived advantage of functional reliability. 

 

Keywords: Heating system, detached houses, homeowner, perception, survey, Sweden 

 

1. Introduction  

Energy efficiency is an integral part in the portfolio of strategies to mitigate climate change. In addition, energy 

efficiency improves energy supply security, reduces impact on health and environment, and creates markets for 

energy efficient technologies. Opportunities to improve energy efficiency are prevalent in all sectors of the 

economy, particularly in the building sector, which accounts for about 40% of the final energy use in Europe 

(European Commission, 2005). The greatest potential to reduce energy use lies in the operating phase because it 

dominates the life cycle energy use of current building practices (Sartori and Hestnes, 2007).  In 2006, out of the 

145 TWh energy used in the Swedish residential and services sector, about 89 TWh were used for space heating and 

hot water purposes. Of this, 42% was used in detached houses, 32% in apartment buildings, and 26% in other types 

of buildings (STEM, 2007). Hence, detached houses are an important target group to achieve the Swedish 

government‘s goal of reducing the 1995 level energy use per heated floor area by 20% in 2020, increase the share of 

renewables by 20%, and eliminate the use of oil for space heating.  
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mailto:leif.gustavsson@miun.se
mailto:gireesh.nair@miun.se


ECEEE 2009 SUMMER STUDY • ACT! INNOVATE! DELIVER! REDUCING ENERGY DEMAND SUSTAINABLY 

 

168 

 

The average annual heat energy use per unit of floor area of detached houses has decreased from 159 kWh/m
2
 

during 1980-1989 to about 129 kWh/m
2
 in 2006 (IEA, 2008), but the total heated floor area has increased

28
 (Nässén 

and Holmberg, 2005). There is great potential to further improve energy efficiency of detached houses as a majority 

of them were built during the 1960s and 1970s before energy efficiency was emphasized in the Swedish building 

codes. The techno-economical potential for decreased energy use by implementing energy efficiency measures in 

the total Swedish building stock could be up to 30 TWh of heat and 15 TWh of electricity (CEC, 2005). Examples 

of such measures include conversion of resistance heaters and electric boilers to innovative heating systems (IHSs) 

such as district heating, heat pumps and wood pellet boilers, extra wall/attic/basement insulation, and installation of 

energy efficient windows. Gustavsson and Joelsson (2007) and Joelsson (2008) estimated that in an electrically 

heated detached house, installation of energy efficient windows and extra insulation could reduce the primary 

energy use by about 25%. However, when complemented with installation of an IHS, the reduction could be as 

much as 70%. Hence, installation of IHSs results in the maximum primary energy efficiency gain. They also showed 

that adoption of these efficiency measures is profitable to the homeowners, which supports results from earlier 

studies (Norrman and Johansson, 1995; Gustafsson and Karlsson, 1997; Erlandsson et al 1997).  

The fact that IHSs are economically and environmentally beneficial may not automatically lead to their adoption. 

For example, Mahapatra and Gustavsson (2008a, 2008b) found that more than 80% of homeowners did not intend to 

install a new heating system. Furthermore, it is likely that homeowners will install an IHS that they perceive has the 

highest advantages with respect to various attributes of a heating system such as annual cost of heating, investment 

cost, environmental benignity, and functional reliability. Several studies have analyzed the importance of these 

system-related attributes in Swedish homeowners‘ decision to install an IHS (Hallin, 1988; Mahapatra and 

Gustavsson, 2008a, 2008b; Mårtensson, 2006; Nilsson, 2004; Sernhed and Pyrko, 2006; STEM, 2005; Vinterbäck, 

2000). A general conclusion from these studies has been that homeowners‘ give high priority to economic factors 

and they perceive heat pumps and district heating systems to have more advantages than pellet boilers.  

Surveys should be conducted in at least two different time periods to find out if factors affecting diffusion of 

innovations vary over time (Rogers, 2003). Repeated surveys could show if homeowners‘ needs, awareness and 

perceptions of IHSs changed due to external influences such as more information in mass media, marketing 

campaigns, provision of investment subsidies, changes in energy price, etc. Therefore, we conducted questionnaire 

surveys of 1,500 randomly selected homeowners during October-November 2004 (2004 survey) and January-March 

2007 (2007 survey). No appreciable changes in homeowners‘ adoption behaviour were found (Mahapatra and 

Gustavsson, 2008a). After the 2007 survey, the Intergovernmental Panel on Climate Change (IPCC) released its 

fourth assessment reports and oil prices greatly increased during mid-2008.  To analyze the influence of such events 

on homeowners‘ behaviour, we repeated a survey of 1,500 randomly selected homeowners in May-July 2008 (2008 

survey). In this paper we make a comparative assessment of responses to all three surveys.    

 

2. THEORETICAL BACKGROUND 

Innovation-decision process 

Adopters make the adoption decision and, therefore, they are central to the diffusion of innovations (Rogers, 2003). 

There is a general pattern in adoption of an innovation, i.e., the innovation-decision process. First, potential adopters 

must have a need for an innovation. Once a need is established they will collect information from various mass 

media and interpersonal sources, based on which they will compare the available alternatives to select one with 

greater perceived advantages (Dieperink et al., 2004; Hawkins et al., 2007; Rogers, 2003; Mahapatra and 

Gustavsson, 2008a, 2008b). The innovation decision-process is influenced by various external factors. 

Potential adopters will need an innovation when they recognize some problem with their existing technology 

(Hawkins et al., 2007) and therefore, feel dissatisfied with the same (Rogers, 2003). So, if the existing heating 

system provides the desired satisfaction, it is unlikely that homeowners will install a new one. Dissatisfaction with 

the existing heating system may result due to high annual heating cost, environmental concerns, and unreliability or 

failure, for example (Mahapatra and Gustavsson, 2008a, 2008b). A need for a new heating system due to energy and 

environmental concerns may not occur if homeowners‘ are unaware of their existing energy use.  

Homeowners must be well-aware of available innovations to make a rational decision. However, the concept of 

―bounded rationality‖ (Nelson and Winter, 1982; Simon, 1959) illustrates that potential adopters have limited 

capacity to acquire, store, and process vast amounts of information required to make such a decision. Nonetheless, 

adopters collect information from various sources which form their beliefs or perceptions about various attributes of 

available alternatives, such as economic, comfort, and environmental aspects of heating systems.  The alternative 

with the greatest perceived advantage, particularly regarding attributes to which adopters give high priority, is 

                                                 
28

 There is a lack of consistent statistics on heated floor area. See Nässén and Holmberg (2005) for more detail.  
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adopted and recommended to others by interpersonal communication, leading to an increased number of adoptions 

(Rogers, 2003). One aspect of the relative advantage of a heating system is the proportion of homeowners aware of 

its attributes vis-à-vis competing systems. An alternative for which awareness level is high is likely to be 

recommended more through interpersonal networks, leading to greater adoption, or a system that is widely adopted 

will create greater awareness among the population. 

Contextual events during different survey intervals  

Various external sources consistently try to influence homeowners‘ adoption decision. The Swedish government 

provides an array of investment subsidies for installation of IHSs (Table 1), while it imposes taxes on fossil fuels. 

Similarly, product guarantees and insurance are provided for pellet boilers and heat pumps to address homeowners‘ 

concerns about the functional reliability of these heating systems. The Swedish Energy Administration (STEM) and 

IHS suppliers frequently portray IHSs as more environmentally benign and economical to operate than oil and 

electric heating systems. Also, there have been mass media advertisements and marketing campaigns by the 

suppliers of IHSs. For example, between 2005 and 2006, the Swedish pellet fuel industry organized a national 

information campaign ‗pellet days‘. The Swedish District Heating Association introduced its information campaign 

―fjärrvärme – ja tack! [District heating – yes, thanks]‖ in 2005 (Svensk Fjärrvärme, 2005).  

Table 1: Investment subsidies for the installation of innovative heating systems (IHSs) 

 Replaced system Amount Period 

IHSs in existing houses Resistance heaters 30% of investment cost, not exceeding 

30 kSEK
1
   

1 January 2006 to 

31 December 2010 

 Oil boilers  30% of investment cost, not exceeding 

14 kSEK 

1 January 2006 to 1 

March 2007 

Bioenergy systems in 

newly-built house 

Not applicable 30% of the investment cost exceeding 

10 kSEK for a bioenergy system, up to a 

maximum of 15 kSEK 

1 January 2006 to 

31 December 2008 

1) 1 euro = approximately SEK (Swedish Kronor) 10 in November 2008 and US $ 1 = (ca) SEK 7.6 

After the release of the IPCC fourth assessment reports there were increased discussions of climate change issues in 

Swedish mass media. We performed a Google search of the term ―climate change [klimatförändring]‖ in the 

websites of the Swedish national television (SvT) and two major national newspapers, Dagens Nyheter and Svensk 

Dagbladet (Table 2). The number of hits was proportionally higher during the 15 month interval between the 2007 

survey and 2008 survey than the 28 month interval between the 2004 survey and 2007 survey.  

Table 2: Number of hits on “climate change” from a search of websites of leading news channels in Sweden 

News channel 
2004 survey – 2007 survey  2007 survey – 2008 survey 

Total Annual average Total Annual average 

Dagens Nyheter (Newspaper) 43 18 29 23 

Svensk Dagbladet (Newspaper) 37 16 34 27 

SVT (Swedish national television) 28 12 21 17 

The price of oil in the international market increased to a record level of US $145/barrel in July 2008, up from US 

$65/barrel in January 2007. Correspondingly, the oil price for heating Swedish detached houses increased by 40%, 

from SEK 8980/m
3
 in January 2007 to SEK 13171/m

3
 in May 2008. The price in September 2004 was SEK 7845 

/m
3
 (SCB, 2008a). The electricity price for houses with electric heating also increased from 108 öre/kWh 

(approximately 11 eurocent/kWh) in July 2004 to 114 öre/kWh in January-June 2007 and 126.5 öre/kWh in 

January-July 2008 (SCB, 2008b). Hence, the cost of heating using oil has increased more than the use of electricity 

for the same purpose.  

 

3. Methodology 

The surveys 

Each of the three surveys in 2004, 2007 and 2008 covered different sets of 1,500 individuals who owned a detached 

house in Sweden. The homeowners were selected using the stratified random sampling method. The strata consisted 

of the eight ‗Nomenclature of Territorial Units for Statistics (NUTS)‘ regions in Sweden
29

. Samples in each stratum 

were drawn in proportion to the population size. Selection of the sample and dispatch of the questionnaires was 

carried out by the Statistics Sweden (SCB), which also supplied us with age, income, and regional distribution of the 

                                                 
29

 The NUTS regions are Stockholm County, Eastern-Central Sweden, Småland and the islands of Öland and 

Gotland, Southern Sweden, Western Sweden, North-Central Sweden, Central Norrland, and Upper Norrland. 
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sampled homeowners, and size and construction year of the house. The survey response rates were 44%, 48% and 

37% in the 2004 survey (after one reminder), 2007 survey (after two reminders) and 2008 survey (after two 

reminders), respectively. Several respondents did not answer all the questions and therefore the response rate for 

each question varies and is less than the survey response rate.  

The questionnaire used 

The same questionnaire on heating systems was used in the 2004 survey and 2007 survey. The questionnaire used in 

the 2008 survey contained additional questions on homeowners‘ awareness and perception of other energy 

efficiency measures such as energy efficient windows and improved insulation. Moreover, response options to some 

questions in the 2008 survey were different from the options in the 2004 survey and 2007 survey (see below). 

Hence, in our series of surveys broadly two sets of questionnaires were used; one in the 2004 survey and 2007 

survey, and the other in 2008 survey. Questions in all three surveys, which we have analyzed in this paper, include 

the following:  

 Respondents‘ intentions to install a new heating system. The options to this question (no plan, will install within 

1 year, 1-2 year, 2-4 year, and 4 years or later) in the 2004 survey and 2007 survey were different in the 2008 

survey (no plan, will install within 1 year, 1-3 year, 3-10 year). This change was made to match the shift in the 

year of the survey (2007 to 2008) to the availability of various investment subsidies and also to link to the 

national goal of reducing energy use by 20% in 2020. The changes in yearly intervals do not support a direct 

comparison of category-wise responses across surveys. However, a comparison of the responses to the option 

―no plan‖ would show if there was a change in proportion of homeowners having intentions, irrespective of 

when, to install a new heating system.    

 Level of satisfaction with existing heating systems, which respondents indicated on a 5-point Likert type scale 

(1 = not satisfied at all, 5 = very satisfied)
30

. For easy interpretation we restructured the five response levels into 

three. Levels 1 (not satisfied at all) and 2 (dissatisfied) were combined, as were levels 4 (satisfied) and 5 (very 

satisfied). 

 Level of importance attached to various heating system-related factors (e.g. annual cost, investment cost, 

quality, environmental benignity), if respondents were to select a new system. In the 2004 survey and 2007 

survey respondents were asked to grade each factor using a 4-point scale (1 = least important, 4 = very 

important). In the 2008 survey, a 5-point scale was used. Hence, the results across surveys may not be directly 

comparable. 

 Corresponding to each system-related factor, respondents rated different heating systems using a 5-point scale. 

For example, for the factor ‗annual cost of heating‘, respondents could indicate on a 5-point scale (0 = do not 

know, 1=very high, and 5=very low) the annual energy cost of heating with different heating systems. 

Analysis of survey responses 

In all three surveys, more than 50% of the sampled respondents did not return the questionnaire. Therefore, we 

analyzed the presence of non-response bias. We compared homeowners‘ composition in the original sample with 

those who responded with respect to their age, income, location in different NUTS regions, and type of heating 

system installed in their house. No significant non-response bias was found with respect to the above aspects, with 

the exception that homeowners with pellet boilers were underrepresented in the 2007 survey and 2008 survey. 

Homeowners‘ ratings of the importance of system-related attributes were ordinal in nature. Hence, median was the 

appropriate measure of the central tendency (Nachmias and Nachmias, 1996). The median value was the same for 

few attributes, and thus it was difficult to rank the level of importance of those attributes. Hence, we handled the 

ordinal responses as interval level variables and estimated the mean values of the attributes to rank them. We kept 

intact the ordinal nature of the responses by conducting a non-parametric test to verify the significance of the 

rankings. The Friedman test (appropriate when the same individuals rated several attributes) shows if at least one 

attribute was ranked significantly different than the others. An attribute with a higher mean value is of greater 

importance.  

In each survey, respondents rated various heating systems with respect to specific system-related attributes. We 

ranked the heating systems in descending order based on the mean value of homeowners‘ ratings of the systems. A 

heating system with higher mean value was preferred by more respondents. The Friedman test showed the overall 

significance of differences in ranking of all heating systems but it did not show which specific heating systems were 

ranked significantly different. Hence, we conducted Wilcoxon signed rank test (henceforth ‗Wilcoxon test‘) of 

successive pairs of heating systems arranged according to decreasing mean values. This test was used because in 

each survey, the same individuals rated different heating systems. A significant result for the first pair of heating 

systems automatically renders the successive heating systems significantly different from the first one.  

                                                 
30

 Throughout the questionnaire, all negative options were given low rank and positive options high rank. 
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4. Results 

Need for a heating system 

Chi-square tests showed that in all three surveys there was a significant relationship between respondents‘ level of 

satisfaction and their plans (irrespective of when) to install a new heating system. Homeowners who were satisfied 

with their current heating system were found to be less likely to install a new system than those who were 

dissatisfied. For example, in the 2007 survey, approximately 10% of satisfied homeowners had planned to install a 

new heating system, while approximately 62% of dissatisfied homeowners had such an intention (Table 3). In 

general, the majority of respondents (proportion of n3 to N) were found to be satisfied with their heating systems. 

The proportion of respondents satisfied with their heating systems increased from approximately 76% in the 2004 

survey to approximately 80% in the 2007 survey  and then decreased to 73% in the 2008 survey. Correspondingly, 

the proportion of respondents who planned to install a new heating system varied across surveys.  

Table 3: Percentage of respondents (in each level of satisfaction) who planned to install a new heating system  

Respondent category 

Percentage of respondents who planned to install a new heating system  

2004 survey
2
 2007 survey

2
 

 

2008 survey
2
 

Dissatisfied  58.8 (n1=51) 62.0 (n1=42) 64.3 (n1=28) 

Neither satisfied nor dissatisfied 35.3 (n2=102) 29.2 (n2=96) 41.7 (n2=108) 

Satisfied 12.4 (n3=477)   9.6 (n3=573) 16.0 (n3=371) 

Total 19.8 (N=630)
1
 15.3 (N=711) 24.0 (N=507) 

1) n1, n2, n3 denote the number of respondents with various levels of satisfaction and N is the total number of survey respondents.  

2) Chi-square tests show a significant relationship between the variables ‗level of satisfaction‘ and ‗plan to install a new heating 

system‘ at p<0.05. 

The variations in options specified in the two sets of questionnaires, particularly the ―4 years and later‖ option in the 

2007 survey and ―3-10 years‖ in the 2008 survey, largely explain the increase in the percentage of respondents 

planning to install a new heating system from the 2007 survey to the 2008 survey. There could be variation in 

frequency of responses to these two long-term planning options depending upon extent to which respondents‘ 

consider future years in their planning horizon. However, from a short-term perspective there was also an increase in 

the proportion of respondents planning to install a new heating system. The proportion of respondents in the 2008 

survey planning to install a new heating system within three years (15%) was higher than the proportion of 

respondents in the 2007 survey planning to do the same within four years (12%).  

Respondents with IHSs were more satisfied than those with an electric boiler, oil boiler or resistance heater, and 

therefore less likely to install a new heating system (Table 4). For example, in the 2004 survey, 96% of the 75 

respondents with bedrock/ground/lake heat pump were satisfied with their existing systems, while 68% of the 91 

respondents with oil boilers were satisfied with their system. Hence, the proportion of respondents planning to 

install a new heating system was lower among the respondents with bedrock/ground/lake heat pump (4%) than those 

with an oil boiler (42%). From the 2004 survey to the 2008 survey, there was a steady increase in the proportion of 

homeowners with IHSs planning to install a new heating system. Especially, between the 2007 survey and 2008 

survey, there was a strong increase in the proportion of homeowners with bedrock/ground/lake heat pumps planning 

to install a new heating system. Homeowners with oil boilers were most likely to install a new heating system but 

their proportion declined continuously from the 2004 survey to the 2008 survey. In contrast, there was an upward 

trend in proportion of homeowners with resistance heaters planning to install a new heating system, particularly 

between the 2007 survey and 2008 survey.  

Table 4: Percentage of respondents’ who were satisfied with their existing heating systems and planned to 

install a new one 

Existing heating 

system
1
 

2004 survey
2
 2007 survey

2
  2008 survey

2
 

N % of 

respondents 

Satisfied 

with their 

existing 

system  

% of 

respondents 

planning to 

install a new 

heating 

system 

N  % of 

respondents 

Satisfied 

with their 

existing 

system  

% of 

respondents 

planning to 

install a new 

heating 

system 

N  % of 

respondents 

Satisfied 

with their 

existing 

system  

% of 

respondents 

planning to 

install a new 

heating 

system 

Bedrock/ground/lake 

heat pump 
75 96.0 4.0 115 94.0 6.0 92 92.3 16.0 

District heating  61 93.4 0 82 87.8 2.4 75 84.0 7.0 

Pellet boiler 21 100.0 4.8 25 88.0 12.0 22 81.8 13.6 
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Electric boiler 148 75.0 29.0 135 71.0 30.4 110 62.7 30.3 

Oil boiler 91 68.1 42.0 36 66.7 36.0 22 59.0 35.0 

Resistance heaters 196 62.2 16.8 195 65.6 19.5 142 55.0 32.8 

1) Other types of heating systems such as stoves, air-based heat pumps, fire places and wood boilers were excluded from our 

analysis. Also, some respondents had combo-boilers which used multiple energy inputs such as wood, oil and electricity. Such 

systems were counted as if the respondent had multiple heating systems. 

2) N = Number of respondents      

Awareness about heating systems 

Awareness about existing energy use 

We asked the homeowners to report the approximate quantity and cost of various forms of energy used in their 

household during the year preceding the surveys. Respondents with electric heating systems and heat pumps 

reported the total electricity used in the household and the associated cost. Households with district heating system, 

oil or pellet boiler reported, respectively, the quantity and cost of district heat, oil or pellet used in their household.  

A general trend was that more respondents, whatever the type of heating system, reported the quantity of energy 

used than the associated cost (Table 5). For example, about 80% of the respondents having resistance heaters 

reported their quantity of household electricity use, while only about 45% reported cost. However, a lower 

proportion of respondents (30 to 40%) with district heating systems reported equally about quantity and cost. There 

was also a downward trend in the proportion of homeowners with oil boilers reporting their oil use.  

Table 5: Percentage of homeowners reporting their annual household energy use and corresponding cost 

Heating system 

2004 survey 2007 survey 2008 survey 

Quantity Cost Quantity Cost Quantity Cost 

District heating 39 31 35 37 44 40 

Bedrock heat pump 76 35 86 40 87 52 

Pellet boiler 67 43 72 52 80 55 

Electric boiler 82 43 80 33 77 49 

Oil boiler 80 47 72 31 45 40 

Resistance heater 82 46 79 45 80 47 

It is likely that respondents consulted their energy bills to answer the questionnaire. Traditionally, suppliers of 

electricity and district heat send a quarterly bill containing an estimation of energy use and associated cost, and an 

end-of-the-year report of actual energy used and the associated cost. The quarterly bill contains an estimation of 

annual energy use but no estimation of annual cost. Hence, it is likely that respondents reported the annual estimated 

energy use by consulting the quarterly bills but did not consult the end-of-the-year bill showing the actual annual 

energy cost. However, respondents could answer whether the annual cost of energy was high or low. In the 2008 

survey, about 31%, 39% and 26% of respondents reported that their energy cost was high, neither high nor low, and 

low, respectively. Only 4% did not know at all about the annual cost of energy.    

Awareness about IHSs 

In our surveys, respondents were asked to rate the IHSs regarding various system-related attributes using a 5-point 

Likert scale and a ―does not know‖ option.  The proportion of respondents who did not know about various 

attributes of an IHS is given in Table 6. For example, in the 2008 survey, a minimum of 30% of respondents did not 

know about one attribute of district heating system while a maximum of 38% did not know about another attribute. 

The average of such percentages of ―does not know‖ answers for different system-related attributes of district 

heating systems was 34%. In the 2007 survey, the mean and range of the ―does not know‖ responses were lower 

than the 2004 survey for all heating systems. This indicates that the awareness level of homeowners regarding IHSs 

has improved since the 2004 survey. The maximum improvement in awareness was for pellet boilers, followed by 

district heating and bedrock heat pump systems (Table 6). Still, the average proportion of homeowners unaware of 

pellet boilers was higher than for bedrock heat pumps or district heating systems. The mean and range of ―does not 

know‖ answers increased from the 2007 survey to the 2008 survey. This might be because the questionnaire used in 

the 2008 survey was different than the one used in previous surveys. Homeowners were asked to compare IHSs 

along with other efficiency measures such as windows and improved insulation, which might have influenced 

answering patterns. Overall, there was an improvement in homeowners‘ awareness of IHSs, particularly concerning 

pellet boilers.  

Table 6: Mean and range of percentages of respondents who “did not know” about various attributes of IHSs 

Heating system 

2004 survey 2007 survey 2008 survey 

Mean Range Mean Range Mean Range 

District heating 39 30-51 29 16-39 34 30-38 
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Bedrock heat pump 34 26-46 26 17-43 28 23-34 

Pellet boiler 43 33-52 31 16-45 34 30-39 

Respondents’ perception of IHSs 

The mean values of respondents‘ ratings of the IHSs with respect to various attributes are presented in Table 7. For 

each attribute, if the mean value of a heating system is higher than the corresponding value of another system, then 

the system is considered better with regard to that factor. For example, in the 2004 survey the mean value of ‗annual 

cost of heating‘ of bedrock heat pumps was the highest among the IHSs. This means that with regard to the annual 

cost of heating, bedrock heat pumps were the most popular, followed by pellet boilers and district heating. Friedman 

test of attribute-wise ranking of the heating systems was significant for each attribute in all three surveys.  

Table 7: Attribute-wise ranking of IHSs based on respondents’ ratings in different surveys (arranged 

according to decreasing mean values) 

Attributes  
2004 survey   

2007 

survey 

  2008 survey  

Heating  

system
1
 

Mean(S.E.)
2
 

Wilcoxon 

test
3
 

Heating 

system
1
 

Mean(S.E.)
2
 
Wilcoxon  

test
3
 

Heating 

system
1
 

Mean (S.E.)
2
 
Wilcoxon 

test
3
 

Annual heating cost         

 HP (N=524) 3.95 (0.049)  HP (N=592) 4.08 

(0.044) 
 HP (N=446) 4.09 (0.057)  

 PB (N=519) 3.31 (0.046) ** PB (N=575) 3.26 

(0.039) 
** PB (N=411) 3.54 (0.062) ** 

 DH (N=522) 2.90 (0.049) ** DH (N=584) 2.93 

(0.045) 
** DH (N=423) 3.41 (0.072) ** 

Investment cost         

 PB (N=524)  2.91 (0.047)  PB (N=582) 2.77 

(0.036) 

 PB (N=423) 2.53 (0.063)  

 DH (N=528) 2.77 (0.061) ** DH (N=597) 2.72 

(0.053) 

N.S. DH (N=428) 2.42 (0.075) N.S. 

 HP (N=531) 1.47 (0.034) ** HP (N=610) 1.38 

(0.029) 

** HP (N=461) 1.71 (0.054) ** 

Functional reliability         

 DH (N=508) 4.46 (0.042)  DH (N=587) 4.44 

(0.036) 
 DH (N=416) 4.24 (0.056)  

 HP (N=509) 4.16 (0.044) ** HP (N=587) 4.05 

(0.044) 
** HP (N=443) 3.96 (0.055) N.S. 

 PB (N=499) 3.44 (0.050) ** PB (N=573) 3.38 

(0.042) 
** PB (N=403) 3.56 (0.133) ** 

Indoor air quality         

 DH (N=507)  4.42 (0.046)  HP (N=584) 4.46 

(0.032) 
 DH (N=420)  3.98 (0.058)  

 HP (N=505) 4.41 (0.043) N.S. DH (N=581) 4.39 

(0.038) 
N.S. HP (N=450) 3.95 (0.053) N.S. 

 PB (N=500) 4.09 (0.052) ** PB (N=568) 4.09 

(0.045) 
** PB (N=414) 3.47 (0.060) ** 

Environmental benignity         

 HP (N=513) 4.48 (0.040)  HP (N=586) 4.41 

(0.032) 
 HP (N=451) 4.18 (0.054)  

 DH (N=509) 3.72 (0.050) ** DH (N=579) 3.88 

(0.043) 
** DH (N=424) 3.90 (0.062) ** 

 PB (N=501) 3.20 (0.052) ** PB (N=572) 3.14 

(0.046) 
** PB (N=411) 3.28 (0.062) ** 

Market value of the house        

 HP (N=516) 4.60 (0.032)  HP (N=586) 4.65 

(0.026) 
 HP (N=458) 4.22 (0.044)  

 DH (N=512) 4.11 (0.047) ** DH (N=578) 3.95 

(0.042) 
** DH (N=426) 3.77 (0.060) ** 

 PB (N=506) 3.44 (0.048) ** PB (N=564) 3.39 

(0.038) 
** PB (N=413) 3.28 (0.059) ** 

Greenhouse gas emission        

 HP (N=509) 4.74 (0.032)  HP (N=575) 4.62 

(0.032) 
 HP (N=447) 4.12 (0.059)  

 DH (N=503) 3.42 (0.058) ** DH (N=573) 3.63 

(0.050) 
** DH (N=421) 3.73 (0.066) ** 

 PB (N=503) 2.98 (0.056) ** PB (N=558) 2.96 

(0.053) 
** PB (N=416) 3.07 (0.067) ** 

Time required to collect information        

 DH (N=508) 3.32 (0.074)  DH (N=577) 3.53 

(0.062) 

 DH (N=431) 3.28 (0.079)  

 PB (N=505) 2.97 (0.068) ** PB (N=563) 2.99 

(0.059) 

** PB (N=428) 2.93 (0.072) ** 

 HP (N=510) 2.84 (0.073) ** HP (N=580) 2.97 

(0.064) 

N.S. HP (N=455) 2.82 (0.071) N.S. 

1) HP = Bedrock heat pump, DH = District heating, PB = Pellet boiler. Values in parentheses are number of respondents.  

2) In calculating the mean values ‗do not know‘ responses were treated as missing values. A system with a higher mean value is 

better than a system with a lower value. Values in parentheses are standard errors (S.E.).  

3) N.S. = not significant, **significant at p  0.05 
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Ranking of the heating systems in all three surveys showed that homeowners perceived that bedrock heat pumps 

were best with respect to the annual cost of heating, environmental benignity, increased market value of the house, 

and low greenhouse gas emissions. Respondents felt that pellet boilers had the lowest investment cost among IHSs, 

but that such systems were the least functionally reliable and were associated with lower indoor air quality. A 

district heating system was the best option with respect to functional reliability. 

Rankings of heating systems, with few exceptions, remained largely unchanged across the three surveys. This shows 

that the contextual factors such as marketing campaigns or mass media discussion on climate change issues had no 

significant influence on homeowners‘ perception of heating systems. The heating systems whose rankings were 

altered or the level of significance changed according to the Wilcoxon test are highlighted in bold faces in Table 7. 

For example, in the 2004 survey, respondents perceived that pellet boilers had significantly lower investment cost 

than district heating system. However, in the 2007 survey and 2008 survey, no such significant difference was 

found. Similarly, respondents in the 2004 survey and 2007 survey thought that bedrock heat pumps had significantly 

lower functional reliability than district heating system but no such difference was found in the 2008 survey. 

Importance of system-related attributes 

Different heating systems have advantages with respect to different attributes. However, all attributes are not equally 

important in decision making. Typically, attributes that are given high priority guide the decision. The rating of 

attributes by the homeowners (Table 8) shows that in all three surveys, economic aspects, functional reliability, and 

indoor air quality were the most important factors in the choice of a heating system, while environmental benignity 

and low greenhouse gas emissions were given relatively low priority. 

The ranking of the attributes was almost the same in all three surveys. However, investment cost was ranked 3
rd

, 4
th

 

and 2
nd

 in the 2004 survey, 2007 survey, and 2008 survey, respectively. Similarly, ―low greenhouse gas emission‖ 

was ranked one level higher in the 2007 survey compared to its lowly ranked position in the 2004 survey and 2008 

survey. 

Table 8: Ranking of attributes of heating systems based on homeowners ratings 

Attributes of heating systems 

Mean (S.E.)
1
 

2004 survey 

(N=630)
2
 

2007 survey 

(N=711)
2
 

2008 survey 

(N=568)
2
 

 

Annual cost of heating  3.60 (0.031) 3.71 (0.021) 4.44 (0.037) 

Functional reliability  3.45 (0.033) 3.65 (0.023) 4.10 (0.041) 

Investment cost  3.32 (0.034) 3.25 (0.031) 4.40 (0.039) 

Indoor air quality 3.27 (0.037) 3.29 (0.032) 3.92 (0.043) 

Environmental benignity 2.73 (0.044) 2.85 (0.040) 3.77 (0.043) 

Increased market value of house 2.49 (0.045) 2.44 (0.038) 3.53 (0.049) 

Low greenhouse gas emissions 2.47 (0.046) 2.70 (0.039) 3.38 (0.046) 

Time to collect information 1.85 (0.042) 1.96 (0.037) 2.76 (0.051) 

1) Mean values in the 2004 survey and 2007 survey are based on a 4-point response scale, while in the 2008 survey, a 5-point 

scale was used. An attribute with a higher mean value is of greater importance. Values in parentheses are standard errors (S.E.).  

2) N = Number of respondents to the survey. Actual number of respondents rating each attribute was lower than the N.  Friedman 

test showed that there was a significant difference in the ranking of the factors at p<0.05. 

 

5. Discussion and conclusions 

A majority of homeowners (more than 75%) in all three surveys did not intend to install a new heating system, 

largely because they were satisfied with their existing system. In particular, more than 50% of the respondents with 

an oil boiler and more than 70% of the respondents with resistance heaters or electric boilers did not plan to install a 

new heating system, mainly because they were satisfied with their existing heating systems. Since annual cost of 

heating and functional reliability would be given high priority if the respondents were to install a new heating 

system, it can be inferred that homeowners were satisfied because they could afford the annual cost of heating and 

their system was functioning properly. Even if homeowners were unsatisfied, they may not install a new heating 

system if they perceived that the investment cost was too high or payback time was very high.  

Satisfied households may not recognize the existence and importance of various energy efficiency options (Hallin, 

1988). We found that more than 50% of the respondents were unaware of the actual annual cost of energy used in 

the household. Also, significant proportions of respondents were unaware of different attributes of IHSs. Perhaps 

installation of innovative meters and user-friendly billing will improve the situation. Feedback has a significant role 

to play in raising energy awareness and bringing about reduced household energy use (Darby, 2006). Wilhite and 
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Ling (1995) reported that households in the Oslo city who received more informative bills reduced their energy use 

by 10% because they paid more attention to the bills and discussed the bills with other members of the household.  

The proportion of homeowners planning to install a new heating system decreased from the 2004 survey to the 2007 

survey. One possible reason could be that the majority of the 40% of the owners of oil boilers who planned to install 

a new heating system in the 2004 survey had already done so and thus, there were fewer of them left to install a new 

one in 2007. The proportion of those ―laggard‖ homeowners (Mahapatra and Gustavsson, 2008a) who planned to 

install a new heating system has been following a declining trend from 2004 to 2008. Hence, the increased oil price 

in mid-2008 seems to have little influence of respondents‘ decision to replace their oil boilers.   

From the 2007 survey to the 2008 survey there was an increase in the proportion of respondents planning to install a 

new heating system. This has largely been due to a significant increase in the proportion of homeowners with 

resistance heaters and brine/water-based heat pumps who intend to install a new heating system (Table 4). The 

growth in the proportion of respondents with heat pumps could be because the systems were aged. The owners of 

resistance heaters installing an IHS are ―early adopters‖ and their proportion follows an upward trend (Mahapatra 

and Gustavsson, 2008a). Nevertheless, the upward trend might have been influenced by an increase in electricity 

price and the provision of investment subsidies. The growing electricity price seems to have reached a critical level 

to motivate these homeowners to find alternative heating systems. Also, the provision of investment subsidies has 

increased the number of homeowners who replaced their resistance heaters with an IHS. These early adopters seem 

to be influencing the non-adopters to install IHSs through interpersonal communication, which was found to be the 

most important source of information on heating systems (Mahapatra and Gustavsson, 2009, 2008a, 2008b). It is 

less likely that increased discussion in mass media about climate change significantly contributed to motivating an 

increased number of respondents to replace their resistance heaters. This is because environmental benignity and 

low greenhouse gas emission were given lower priority in selection of a heating system. This confirms earlier 

findings that energy use and greenhouse gas mitigation are peripheral interests in most people‘s everyday lives 

(Watson et al., 2001; Hallin, 1988). Since the respondents give priority to economic factors in their choice of 

heating systems, economic instruments could be used to encourage adoption of innovative heating systems.  

The importance of the attributes that guide homeowners‘ adoption decisions remained almost unchanged across 

surveys. Hence, a marketing strategy based on the most important factors is likely to be effective, such as in the 

district heating campaign in the city of Östersund (Mahapatra and Gustavsson, 2009). There is also almost no 

change in respondents‘ perception of heating systems. Respondents perceived that bedrock heat pumps were best 

regarding the annual cost of heating, environmental benignity, increased market value of the house, and low 

greenhouse gas emission. A district heating system had advantages with respect to functional reliability and time 

needed to obtain information. A pellet boiler had the advantage with respect to investment cost. Since, bedrock heat 

pumps have more perceived advantages than other heating systems such systems are adopted in large numbers in 

Sweden (Figure 1). 

 

Figure 1. Annual installation of bedrock/ground source/lake heat pumps, district heating, and pellet boilers and 

burners in the Swedish detached homes (Mahapatra and Gustavsson, 2008a). 

Our study might have some limitations. For example, there could be non-response bias with respect to aspects that 

we have not analyzed. Also, the questionnaire used in the 2008 survey contained several questions in addition to 

those in the earlier surveys and there was variation in response options to a few questions. These might have 

influenced answering patterns. Still, results were stable across the surveys.  
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Summary 

Window sellers/installers may significantly influence the homeowners‘ choice of a specific type of 

window. Hence we interviewed 12 window sellers/installers in the Jämtland county of Sweden 

during November 2009 – March 2010 to understand their perception of energy efficient windows 

and their influence on homeowners. Window sellers/installers reported that they have a strong 

influence on customer‘s choice, and they think customers have a positive attitude to buy energy 

efficient windows. Window sellers/installers recommend windows with a U-value in the range of 

1.1 to 1.8 W/m
2
K. The major drawbacks cited for energy efficient windows having a U-value < 1.2 

W/m
2
K, were the condensation issue and price. 
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1. Introduction 

Implementation of energy efficiency measures in the building sector may improve fuel supply 

security, reduce fossil fuel dependency and mitigate climate change. The final energy use in 

Swedish detached houses could be reduced by about 14 TWh/year by 2020 if the potential techno-

economic energy efficient measures are implemented during 2005-2016 [1]. Installation of efficient 

windows would help to reduce the primary energy use in Swedish detached houses [2].  

The thermal performance of windows in Sweden has improved over the years. A five year 

technology procurement programme launched in 1991 helped to reduce the average U-value of 

windows in new buildings from 2.0 to 1.5 W/m
2
K [3]. The U-value specification of energy efficient 

window is constantly evolving. Currently windows with a U-value ≤ 1.2 W/m
2
K is considered as 

energy efficient [4]. During 2007-2008, the government promoted adoption of windows with U-

value ≤ 1.2 W/m
2
K through provision of investment subsidies. The subsidy scheme was utilized by 

a total of about 10,000 homeowners during 2007 -2008 [5]. Approximately 95,500 windows were 

replaced under the scheme until November 2008. From January 2009 onwards tax subsidy (ROT 

programme) is available for homeowners, wherein they can claim 50% of the labour cost (up to 

50,000 Swedish kronor/person/year) for household renovation, which includes adoption of new 

windows or repairing existing windows.  

About 85% of detached houses in Sweden are more than 30 years old [6]. Windows in many of 

these buildings may be in poor condition, and moreover as these buildings were built before energy 

efficiency was emphasized in the building codes in 1977, a large market is available for energy 

efficient windows in existing detached houses. However a Swedish survey in 2008 showed that 

about 70% of owners of detached houses did not intend to replace their windows in next 10 years 

[7]. Homeowners whose windows are more than 35 years old are more likely to replace their 

windows compared to other homeowners [7].  

Lack of information or awareness about energy efficiency measures is one of the bottlenecks in its 

adoption by homeowners [8, 9]. However for a customer who plans to make a high involvement 

decision like window replacement, different potential information sources are available which 

includes mass media, interpersonal sources and experts. But the information overload could result 

in reduced decision effectiveness [10]. Due to lack of awareness or overdose of information 

homeowners may have difficulties in perceiving the relative advantages of energy efficiency 

measures since the sought after consequences (for example reduction in energy bill) is not 

immediate or may not be significant. 

To reduce the uncertainties for processing the information, a customer may approach a few or 

selected individuals/organization that they consider reliable and have better knowledge on the issue. 

The external advice may help the potential consumer to clear their thoughts about the decision and 

improve their decision confidence [11]. According to Gino and Moore [12], individuals give more 

weightage to advice while performing a difficult task compared to an easy one. Hence the relevance 

of advice may be more pronounced in the adoption of investment intensive measures like windows.  

Though sellers/installers may have vested interest, previous studies in Sweden have shown that 

homeowners consider them as an important source of information when adopting heating system 

[13] and energy efficient building envelope components [7].  This may be because of homeowners‘ 

perception that the sellers/installers are experts in their respective field and/or they do not have 

other reliable sources of information. Seller‘s/Installer‘s advice to customers would be guided by 

their expertise as well as their respective interests. Being an important source of information to 

Swedish homeowners, window sellers/installers can play a prominent role in the diffusion of energy 
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efficient windows. The aim of this study is to better understand what windows sellers/installers 

recommend, and their perception towards energy efficient windows. The type of windows 

selected/promoted will have lasting effect in the energy use of the building in future. 

2. Methodology 

The target group for the study included business that sell and install windows in the Jämtland 

county of central Sweden. From a search on the yellow pages, all the listed 29 window 

sellers/installers/repairers were contacted for a semi structured interview. However some had 

discontinued their business or merged or did not have time or were just into window cleaning 

business, while three sellers/installers were not interested to participate. Accordingly we selected 12 

for the interview. We asked the interviewees mostly open ended questions. Issues discussed, and 

included in this paper are (i) why homeowners decide to change windows (ii) what are the major 

demands/requirement for homeowners while they plan to make a replacement (iii) homeowners 

attitude towards energy efficient windows, (iv) window sellers/installers perception about their 

influence on homeowners choice of windows (v) what are the important attributes of windows for 

seller/installer, and the window type they recommend (vi) perception towards energy efficient 

windows (vii) how to promote energy efficient windows. 

Six of the interviews were conducted at the window seller‘s/installer‘s premise, while six were 

conducted over phone. The telephone and in-person interview has its own advantages and 

disadvantages. However, according to Rogers [14], the quality of data obtained by telephone 

interview and in-person interview are comparable. In our study the questions were mostly open 

ended and short, and hence the response bias due to the interview mode could be negligible or less. 

In general the interview duration for telephone interview was shorter than in-person interview. The 

interview time varied from about 30 minutes to one hour. All interviews were recorded and 

transcribed. The interviewed personnel are highly experienced in window business as nine persons 

have more than 25 years of experience, while two have more than 10 years of experience. Ten of 

the interviewees were owner or partner of their firm, while two were sales personnel of their 

organization. The basic information about the organizations of the interviewed personnel is 

presented in table 1. Henceforth, irrespective of the interviewees‘ mode of operation we refer them 

as sellers/installers. 

Table 1: Basic information about the organization of the interviewed personnel 

Number of employee Years of operation Major type of job Main operational geography 

< 5    -  4 <10 years -1 Selling and installation - 8 Local   -   10 

5-10  -  2 11 to 20  -  4 Installer  -  2 National -   2 

11-15 - 2 21 to 50  -  4 Building product retailer -  1  

> 15   - 2* > 50        - 3 Selling - 1  

* These two are big companies employing more than 100 people 

 

3. Results 
Owners of detached houses constitute the main clients for majority of the interviewees. Window 

seller/installers usually order windows from the manufacturer only upon receiving an order from a 

customer. 

Here we summarise the interviewees response to the questions mentioned in the methodology 

section. 
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3.1 Why homeowners change windows 

According to all the sellers/installers, the window replacement decision was mainly driven by poor 

conditions of the windows. Two installers reported that wood frame of the windows from 60s and 

70s were of poor condition compared to those of the 50s and these windows need to be replaced. 

This was attributed to the construction boom during that period which resulted in shortage of good 

quality wood for such work. According to three interviewees‘, homeowner‘s need for better thermal 

comfort, due to poor window condition drive replacement decision. Another reason cited by two 

sellers/installers was the difficulty to clean the windows (for example, the number of sides to be 

cleaned in new windows was less compared to old windows). Three interviewees reported that 

energy cost saving could be one of the influencing factor; while according to three others, energy 

cost saving was not a factor at all.  

3.2  Homeowners’ requirement 

Homeowners‘ requirement/demand about the new windows varies. In table 2, we present the most 

common requirement by the homeowner as reported by the interviewees. Majority of the 

interviewees mentioned that when homeowners plan to replace windows they are interested in 

design features of new windows. According to many installers homeowners prefer windows that are 

easy to clean and rotatable. 

Table 2: Interviewees perception on homeowner‘s requirement in new windows 

Homeowners requirement in new windows Number of interviewees  

Window design features 7 

Investment cost 4 

Energy cost saving 3 

U-value of window 2 

 

According to installers/sellers, homeowners were primarily concerned with the investment cost, as 

one of the installer commented: 

―You [homeowners] want to have as much windows as possible for the money you have in 

mind‖   

One installer stated that homeowners who have owned their house for a long period were more 

concerned about the energy aspect as they were aware about the energy cost details, while those 

who recently moved to a house were not concerned about energy saving aspects of windows. 

According to the seller, younger generations who are moving to their first house are more aware of 

environmental aspects and want to do it right, but economic aspects also guide their decision, and 

they may not like to spend it all to get the best. Two installers stated that U-value of windows were 

important for homeowners, but two others reported otherwise.  

We asked the interviewees to rate homeowners attitude to buy energy efficient windows on a scale 

of 1 to 7 (1 = highly negative; 7 = highly positive). Four installers gave a rating of 7, five gave a 6, 

while two gave a rating of 5 and 4 respectively. This indicates that homeowners are very positive to 

buy energy efficient windows, as one installer stated: 

―Once they [homeowners] have made the decision that they must change windows, then they 

select a window with very good energy rating‖ 
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Five interviewees stated that there was no specific demographic group who were more aware about 

energy efficiency aspects of windows. According to them some customers approaching them were 

knowledgeable while others did not know anything. One of them mentioned: 

―Maximum 10 % of them [potential customers] know what they want‖. 

Two sellers/installers mentioned that younger customer were relatively more aware about energy 

efficiency aspects as they may be using internet more to access information. However another 

interviewee pointed out that people in the age group of 45-50 years were more aware about the 

energy efficiency, while younger group were careless on energy aspects.  

3.3 Important attributes in a window 

When asked about what aspects of the window were important for them, four sellers/installers 

mentioned about design and functionality aspects like rotatable windows, easiness to clean, 

easiness to open and close the window as important. According to one interviewee easiness to open 

the windows is an important factor as older homeowners were more likely to replace their windows, 

and as they do not have strong wrists to open windows. However one installer prefer fixed window 

as the opening type of windows wears down faster, while the fixed window retain its energy 

efficiency aspect better. Many interviewees stated that they take a certain minimum U-value of the 

window as granted. Aesthetics were mentioned important by two installers, while security feature 

was important for one installer. Two interviewees mentioned that they prefer aluminium frame on 

outside the windows as it would be more durable. Six interviewees recommend a window from a 

particular window manufacturer as they were satisfied with the quality of the windows. Four 

interviewees mentioned that they recommend a particular window as they were assured about the 

reliability of the particular manufacturer. 

3.4 Perception towards energy efficient windows 

Window sellers/installers recommend/prefer windows with U-value from 1.1 to 1.8 W/m
2
K (table 

3).  

Table 3: U-value window sellers/installers prefer/recommend 
 U- value (W/m

2
K) Number of interviewees  

1.1 -1.2   2 

1.2 6 

1.3  2 

1.5  1 

< 1.8  1 

 

Majority of the interviewees do not recommend U-value less than 1.2 mostly due to condensation 

problem and high cost of such windows, and one of the installer stated: 

―With very low U-values you of course get problems with condensation and the like…if you 

stick to window with a U-value of 1.5 you get a good U-value and it works well‖. 

3.4.1 Condensation 

All the interviewees mentioned about the possible condensation problem with windows of 1.2 U-

value. Some of the interviewees on condensation stated: 

― Below 1.2 [U-value] you can get problems with condensation…. There is a wild chase to 

reduce U-values…. But in reality it does‘nt work…‖ 
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―Customers think it is too damn that they bought new windows and it gets condensation in the 

outside. That cannot be justified with that it is a sign that you have a good window‖ 

―…if you get down to 1.2,…, the risk of condensation is large and I think the requirement is 

too hard‖ 

―If you get highly annoyed if you see a white window when you come down to eat breakfast 

in the kitchen, it was not nice of you to bought a low U-value window‖ 

However, according to four installers condensation in external surface of energy efficient windows 

occurs only during a very few occasion in Jämtland. 

 ― ….there are so few days in a year …so few hours, you live with it‖   

― ….not so often it happens up here, atmosphere here is pretty dry‖  

Sellers/installers concern for condensation may be due to the possible repercussion to their business 

from the homeowners who may become dissatisfied due to such problem. One of the interviewee 

mentioned that once they had to replace the newly installed windows at their expense as the 

customer was annoyed with the condensation. In this instance the company forgot to mention about 

the condensation problem to its customer. On the other hand, another interviewee who received 

complaint from his customer for not informing them about the condensation issue stated that he 

took it for granted that people knew about condensation problem. According to a couple of 

sellers/installers, the manufacture‘s argument that external condensation in windows indicates its 

high energy efficiency was difficult to sell to their customers.  

According to interviewees if the homeowners were informed about the possible condensation 

problem then the homeowners will not be ―surprised‖ by condensation and thereby would not be 

dissatisfied. Window sellers/installers usually inform their customers about condensation issue 

associated with energy efficient windows. An interviewee had mentioned that they show photos of 

condensation in windows to their potential customers to inform them about the issue. Two 

interviewees mentioned that they provide documents which include condensation issue to their 

customers once they receive the order.  

3.4.2 Price  

The price of windows with U-value < 1.2 W/m
2
K was a concern for many of the interviewees. 

According to eight interviewees it was expensive to buy windows with U-value 1.0, and energy 

efficiency benefits of such windows compared to windows with U-value of 1.2 was only little. 

Hence according to them it is not worth to buy such a window. The interviewees‘ perception about 

the cost difference between windows (size 1.2 m x 1.2 m) with U-value 1.2 and 1.0 varies a lot. 

Though the price of windows varies depending on its features, a few interviewees suggested that 

there was no price difference at all, while a few indicated that the price difference could be more 

than 50%.  

3.5 Influence on homeowners  

Eleven sellers/installers thought that they had a very strong influence on their customer‘s choice of 

windows. One window installer mentioned that it was hard to know their exact influence on client‘s 

decision as the customers could be influenced by other sources as well. Some of the 

sellers/installers stated that their suggestions/information had a very strong impact as often the 

customers were not aware about the choices.  

 ―Normally they [homeowners] decide about the type of windows when I visit them‖. 
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―They [homeowners] have many questions, …..generally the advice we give weighs heavily‖. 

―It's probably a pretty big impact. I think .. or I hope …..in most cases, I believe that the customer is 

grateful to receive the information from here‖. 

3.6 Promotion of energy efficient windows 

On being asked what needs to be done to promote energy efficient windows, majority of 

interviewees mentioned that windows with U-vale of 1.2 W/m
2
K was good and there was no 

necessity to improve the energy efficiency of windows further. One installer commented as: 

― …with 1.2 [U–value] it is sufficient, there is no demand for better energy efficient 

windows‖ 

According to two installers it makes sense to promote replacement of windows with a poor U-value 

than one with a good U-value. One installer stated about the strategy as: 

―…changing from bad windows to good, instead of replacing a good stuff with even better‖ 

According to one installer if the price of energy efficient windows could be lowered to the price of 

standard windows, then more people might buy such windows. Majority of interviewees suggested 

that financial support by the government were required to promote energy efficient windows. 

Nine sellers/installers consider the tax subsidy on labour cost for home renovation (ROT deduction) 

was effective to promote energy efficient windows. According to many sellers/installers 

homeowners get more financial benefits under ROT deduction compared to the earlier investment 

subsidy. All the window installers stated that after introduction of ROT programme more people 

were changing their windows. However one installer pointed out that ROT deduction could be more 

useful for repair of windows than purchase of new windows as the labour charges incurred for 

installing new windows may not be high compared to repair works like changing the glass. Two 

sellers/installers mentioned that investment subsidy was more effective as it was available for only 

energy efficient windows, and hence were clearly steering the customer to adopt energy efficient 

windows. One of the supporter of investment subsidy suggested that the subsidy should be linked to 

the U-value reduction achieved from window replacement. The lack of specification for energy 

efficient windows under ROT programme was considered to be good by a few, while a few others 

consider it as a drawback.  

4. Conclusion  

The window sellers/installers think that the major reason for window replacement is the bad 

condition of the existing windows, and that homeowners have a positive attitude to buy energy 

efficient windows. The sellers/installers think that they have a strong influence on consumers‘ 

choice. Window sellers/installers prefer a window that is ―reasonably‖ energy efficient, and 

majority did not recommend windows with U-value <1.2 W/m
2
K. Window sellers/installers 

perceive the condensation issue and price were major drawback of energy efficient windows. As 

local climate may influence external condensation on windows, the perception of window 

sellers/installers on condensation in energy efficient windows and their subsequent recommendation 

may vary across Sweden. Majority of interviewees thought ROT programme is effective to promote 

energy efficient windows. 
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Abstract:  
Energy efficiency measures in buildings are widely regarded as cost effective options to mitigate 

climate change. However, policy instruments are needed to improve the diffusion of such measures. 

The policy mix may be country-specific. Here, we compare and contrast the various policy 

instruments designed to enhance energy efficiency in the building sector in India and Sweden. The 

objective is to explore if the experiences of Sweden that have promoted energy efficiency in 

buildings for decades could be useful for India, where energy demand is forecasted to strongly 

increase. India and Sweden are very different, for example, in terms of development, size, 

priorities, population, and climatic conditions. In Sweden, policy initiatives to reduce energy use in 

buildings date back to the 1970s and the government is committed to significantly reduce energy 

use in buildings. In India, the interest in energy efficiency improvements in buildings is a recent 

phenomenon. The country introduced an energy conservation building code in 2007. This analysis 

shows that policy instruments are more prevalent in Sweden than in India where regulatory 

instruments are particularly lacking. Hence, Swedish buildings are more energy efficient than those 

in India. The Swedish experience could be useful for devising programs and implementing policy 

instruments to improve energy efficiency of Indian buildings. 

 

1. INTRODUCTION 

 
Globally, there is large potential for improving energy efficiency and reducing greenhouse gas 

emission in the building sector, which accounts for about 8.6 Giga tonnes CO2/year, equivalent to 

about 25% of the global CO2 emission (IPCC, 2007). Other advantages of energy efficiency in 

buildings include improved energy supply security, reduced impact on health and environment, and 

an improved market for energy efficient technologies.  

Energy efficiency can be brought on by improved management of existing technologies (e.g. 

switching off lights and appliances when not needed), introduction of new technologies (e.g. 

efficient heating or cooling systems) or a combination of both. In any case these choices can be 

considered as innovations as they represent new ideas for some, and new practices and technologies 

for others. Usually, new technologies are expensive and functionally less reliable, but the situation 

improves over time with market growth (Grubler, 1999). The perceived risks and uncertainties 

associated with the new technologies hamper their successful diffusion (Stoneman, 2002), 

particularly if potential adopters are satisfied with their existing energy use, or they are not aware of 

the advantages of the innovations vis-à-vis existing technologies, or they expect that a better 

technology will be available in future. On the other hand, suppliers may not have an assured 

market, and they may be less sure about possible competition and institutional support (Stoneman, 

2002). Hence, policy instruments are needed to improve the diffusion of energy efficient 

technologies.  

A single policy instrument may not be sufficient to improve the diffusion of energy efficient 

technologies. Hence, a mix of regulatory, economic, informative or voluntary policy instruments is 

not uncommon. The policy mix may vary from country to country depending on level of 

development, priorities, population, climatic conditions, etc. In this paper, we briefly describe some 

of the policy instruments in use to promote energy efficiency in buildings in Sweden and India. The 
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objective is to explore if India, where energy efficiency in buildings is a recent phenomenon, can 

learn from Swedish experience as it has a long history of promoting energy efficiency and is widely 

regarded as forerunner in climate change mitigation initiatives.  

In Sweden, nearly all energy (heat and electricity) used in buildings are commercial. In contrast, 

almost 80% of energy needs of Indian households, mostly in rural and semi-urban areas, are non-

commercial in nature consisting of forest residues, firewood and wood chips, and animal waste 

used for cooking purpose (Planning Commission, 2006). In this paper we do not discuss measures 

to improve efficiency of using these non-commercial fuel resources, although there is a huge 

potential to improve energy efficiency in this area. Here, we concentrate on efficiency of electricity 

use in Indian buildings because with economic growth the requirement for electricity generation in 

this country is expected to grow by five times between 2005 and 2030 (Planning Commission, 

2006). This will increase emission from the power sector where coal is the dominant fuel. Hence, 

we discuss policy instruments to improve efficiency of electricity use in buildings in India and 

consider Swedish policy instruments used to improve the energy efficiency for both electricity and 

heating. Renewable energy technologies are not included, for example wind or solar power, except 

if they improve energy efficiency through conversion of existing technologies.  

 

2. OVERVIEW OF BUILDING SECTOR ENERGY USE  

Sweden: In 2005, the residential and service sector consumed about 145 TWh, amounting to 36% 

of the total final energy used in Sweden (STEM, 2007). Space heating and hot water constituted a 

significant share (60%) of this energy use. The heat energy consumption per floor area in Sweden 

has decreased over time; for example, for detached houses the average annual heat energy use per 

floor area was around 129 kWh/m
2
 in 2006 down from 159 kWh/m

2
 during 1980-1989 (IEA, 

2008a). However, the energy efficiency gain since the 1990s was not significant compared to 

earlier periods (Nassen and Holmberg, 2005). Government has a short and medium term target to 

reduce energy use per heated floor area by 20 % and 50 % from 1995 to 2020 and 1995 to 2050, 

respectively (IEA, 2008a). The national policy also aims to increase the share of renewable energy 

and eliminate oil use in the residential sector by 2020.  

India: The national final energy use is about 4140 TWh, out of which 45% is used in the residential 

and commercial sector (IEA, 2008b). However, total electricity in these sectors is about 140 TWh 

(IEA, 2008b). The specific energy use in most of the commercial buildings is higher than that in 

developed countries (Mathur, 2007). The GHG emissions from the building sector are likely to 

increase further considering the boom in construction activities. Priority is given to providing 

electricity to all households; however as of 2007-08, the electricity sector is faced with a peak load 

and energy shortage of 15.2 % and 9 % respectively (MoP, 2008). Improving energy efficiency 

would be one of the strategies to meet the government objective of 100% electrification, and energy 

efficiency activities are slowly getting attention. Since the inception of Energy Conservation Act 

2001, government of India has initiated several measures to address the energy efficiency in this 

sector.  

 

3.  POLICY INSTRUMENTS IN SWEDEN AND INDIA (AS OF JULY 2008) 

Energy efficiency policy measures are defined as ―a specific type of political action or market 

intervention designed to persuade energy consumers to reduce energy use and encourage market 

parties to promote energy-efficient goods and services‖ (IEA, 2005). There exist several policy 

instruments to address the energy efficiency in the building sector (Fig.1).  

Policy instruments could be broadly classified into four categories viz., control and regulatory 

instruments, economic instruments, information and voluntary instruments. We use the above 
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classification to very briefly compare some of the existing government induced policy instruments 

to promote energy efficiency in buildings in Sweden and India. Due to space constraint, we do not 

discuss policy instruments like Kyoto protocol, education and training, energy efficiency obligation 

and quotas, public benefit charges, energy efficiency certificate, detailed billing and disclosure 

programme. Kyoto mechanisms have only moderate or low effectiveness in building sector (Ürge-

Vorsatz, et al, 2008). Policy instruments like energy efficiency obligation and quotas, public benefit 

charges, detailed billing and disclosure programme do not exist in the building sector in India and 

Sweden. Energy efficiency certificate is in the discussion stage in Sweden. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1: Policy instruments addressing energy efficiency in building sector (Adapted from IPCC, 

2007) 

 

3.1 Control and regulatory instruments 

3.1.1 Energy labeling and appliance standards 

Sweden: Mandatory labeling of domestic appliances was introduced following the directive 

(92/75/EEC) of the European Commission (EC). The labeling covers lamps, ovens, refrigerators, 

freezers, tumble dryers and dish washers. The Commission directives are revised periodically. For 

example commission directive 2003/66/EC amended the earlier directive 94/2/EC regarding energy 

labeling of household electric refrigerators, freezers and their combinations. As per the new 

directive two more classes ―A++‖ and ―A+‖ were added to the earlier categories of G to A in the 

increasing order of energy efficiency.  

India: Voluntary energy efficiency labeling exists for direct cool refrigerators, frost free 

refrigerators, tubular fluorescent lamps, air conditioners, and distribution transformers. The labeling 

programme is expected to be mandatory in future (MoP, 2008). There are five product efficiency 

classifications ranging from 1 to 5, where the rating ―5‖ denotes the most energy efficient class. 

The standard is changed upwards every three years. At present very few products belong to the 

highest energy efficiency classification. For example for direct cool refrigerators only six of the 

total 157 models in the market have a ―5‖ rating (BEE, 2008).  

Comment: Energy labeling has reduced energy requirements of new domestic appliance in Sweden 

by 25-35% (Energy Charter Secretariat, 2006). The efficiency of household appliances in Sweden 

has increased since 1990‘s, and the market share of higher efficiency products is increasing. For 
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example, the share of ―A‖ and ―A+‖ class refrigerator sold in Sweden during 2005 was 78.6% and 

9.6 % respectively, up from 72.5% and 3.8 %, sold in 2004 (Bertoldi and Atanasiu, 2007).   

3.1.2 Energy performance certificate 

Sweden: Energy performance certificates will be required from 2009 onwards when all types of 

buildings are constructed, sold or rented out. The certificate will provide a rating of the energy 

efficiency of a building on a scale of A to G, where A is very efficient and G is least efficient. The 

certificate issued by a certified energy auditor will also accompany a recommendation report that 

lists cost effective and other measures to improve the energy rating of the home. This certificate, 

which is valid up to 10 years, must be displayed prominently in multifamily and public buildings, 

and made available to the prospective buyers or tenants of detached houses.  

India: At present there is no mandatory certification requirement for buildings.  

Comment: The energy consumption levels used as a basis for rating of the building certificates in 

Sweden are currently provisional. They will be revised when data will be available from the first 

batch of energy certification in 2009 (Jagemar, 2008). 

3.1.3 Building Code 

Sweden: Requirements on the thermal conductivity of walls, roofs, grounds, and windows was 

specified in the building code implemented in 1977. The building codes were further strengthened 

through revisions made in 1980, 1982, and 1988 (Sprei et al., 2006). However, the revision made in 

1995 has been criticized as being weaker than the previous codes. The Energy Performance 

Building Directive (EPBD), which came into force in Sweden on February 1, 2007, sets a single 

limiting value for total annual energy use for space heating, cooling and hot water in newly-built 

and renovated buildings. For residential buildings the values are 110 kWh/m
2
 and 130 kWh/m

2
 in 

the southern and northern part of the country, respectively. For commercial and public sector 

buildings, it is 100 kWh/m
2
 in the south and 120 kWh/m

2
 in the north. The Building and Planning 

division at the National Board of Housing is the regulatory authority.  

India: The Energy Conservation Building Code (ECBC), adopted in May 2007, specifies limiting 

values for components used in new buildings and major alteration of existing buildings. The code is 

applicable for commercial buildings or building complexes that have a connected load of 500 kW 

or a contract demand of 600 KVA and above. The code is also applicable to all buildings with a 

conditioned area of 1000 m
2
 or greater. The compliance is currently voluntary, but expected to 

become mandatory (MoP, 2008).  

Comment: In Sweden the EPBD is mandatory, while ECBC in India is voluntary. Furthermore, in 

Sweden, there were building directives prior to EPBD, while no such regulation concerning energy 

efficiency existed in India. The focus of building code in both countries is on reducing energy use 

in operational phase. Though operational phase accounts for the major share of energy use in a 

building‘s life cycle, it is however also important to consider the energy use in production and end-

of-life. For example a new house built to passive house standard, heated with fossil-fuel-based 

resistance heating use more primary energy than a conventional detached house from 1970s that is 

heated with energy efficient biomass based heating system (Joelsson, 2008). Hence a total a life 

cycle perspective may be needed to achieve optimal energy use in buildings.   

3.1.4 Procurement regulations 

Sweden: The public procurement has an annual turnover of around €40 billion. Emphasis is given 

on procurement of energy related equipment that has lowest life-cycle cost that includes investment 

and operating cost (Regeringskansliet, 2006).  
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India: The procurement by the various government bodies (like ministries, department, and 

municipalities) in 2003 was reported to be around €60 billion, which was around 20 % of GDP 

(World Bank, 2003). Though there is no uniform public procurement policy followed by various 

government organizations, low upfront cost is still an important criterion for awarding a project. 

The public procurement procedure is complex and adequate training regarding procurement 

procedure is lacking among the concerned officials (World Bank, 2003).  

Comment: A clear policy direction exists in Sweden for considering energy efficiency aspects in 

public procurement. The Swedish Energy Agency is given the responsibility to follow up the policy 

direction. In India, though some initiatives were made by Bureau of Energy Efficiency
31

 to 

incorporate energy efficiency as a criterion in public procurement, these are still in the early stages 

and a policy direction is lacking. 

 

3.2 Economic and fiscal instruments 

 
3.2.1 Subsidies and grants  

Sweden: Subsidies and grants are widely used to support energy efficient technologies. For 

example, a subsidy exists for installation of energy efficient windows in existing detached houses. 

The subsidy available from 2006 to 2008 is 30% of the investment cost that exceeds 10,000 SEK. 

However, the maximum available subsidy for each household is 10,000 SEK. Also, investment 

subsidy is available from the year 2006 to 2010 to owners of existing detached houses to convert 

from resistance heaters to district heating, a brine/water-based heat pump or a biomass-based 

heating system. The subsidy is 30% of the labour and materials cost of installations, not exceeding 

30,000 SEK (about €3,125).     

India: There exist an accelerated depreciation programme, wherein tax benefit of 80 % 

depreciation in the first year will be received for the investment made for selected energy efficient 

technologies such as heat pump and vapour absorption refrigeration system. 

Comment: The subsidies to install energy efficient windows, and district heating, brine/water-

based heat pumps, and biomass-based heating systems in Sweden encouraged several thousand 

households to install such systems. The diffusion process is likely to be self-sustained once a 

critical mass of such installations is reached.  

3.2.2 Taxes 

Sweden: Taxes on energy consists of an energy tax, an electricity consumer tax, CO2 tax and 

sulphur tax. All these taxes, promote energy efficiency. The CO2 tax introduced in 1991 is based on 

the carbon content in fuel. Since its inception this tax has been increased to almost 4 times from 25 

to 93 öre/kg CO2 in 2007 (STEM, 2007) and the annual revenue from the energy taxes in 2005 was 

around 38 billion SEK (STEM, 2007).  

India: There is no energy or environmental tax.  

Comment: A major difference between the two countries is the level of energy taxation among the 

sectors. In Sweden the electricity consumer tax is less for industries compared to households. The 

electricity consumer tax for industries is 0.5 öre/kWh, whereas for households it is 20.1 öre/kWh in 

north and 26.5 öre/kWh in south Sweden (STEM, 2007).  However, in India, electricity price is 

highly subsidized for the residential sector and industries pay a higher price. The average electricity 

price for the residential and industrial sector in India is around 3 €cent/kWh and 6 €cent/kWh, 

                                                 
31

  Bureau of Energy Efficiency is a statutory body responsible for the implementation of Energy Conservation Act 2001. 
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respectively (Planning Commission, 2002). In India the subsidized electricity, especially for the 

residential sector, reduces the adoption of energy efficient technologies, while the energy tax in 

Sweden promotes adoption of such technologies. 

3.2.3 Energy performance contracting 

Sweden: The investment potential through Energy Service Companies (ESCO) in Sweden is 

estimated to be around €650 million (Geissler et al., 2006). However, the ESCO and energy 

performance contracting concept had not taken off in Sweden until a few years back. The reason 

attributed to this may be the mistrust created due to some early projects which failed to provide the 

expected results (Bertoldi et al, 2007). However, the last few years have shown a revival of ESCO 

business. The number of such companies has increased from about 5 in 2005 to 12-15 in 2007. The 

public sector (municipal buildings, hospitals) is an emerging market for the ESCO. Currently 3 

million m
2
 of public buildings are under energy performance contracting, covering 5 % of building 

space in less than 5 years (Forsberg et al., 2007). One of the reasons for the turnaround for energy 

performance contracting in Sweden could be the various strategies adopted which include ground 

and market studies, pilot projects, guidelines for procurement and model contracts, effective 

information dissemination, and capacity building measures (Forsberg et al., 2007). 

India: The ESCO business started during the mid –1990s, but yet to be well established. This may 

be due to various factors like small ESCOs with limited financial resources, lack of expertise of 

financial institutions to evaluate energy efficiency projects, and reluctance of small and medium 

enterprise to reveal their financial information required for loans (WEC, 2008). The Bureau of 

Energy Efficiency has initiated measures for capacity building of ESCO in the country. It has 

shortlisted 37 Energy Service Companies (BEE, 2008). 

Comment: The total public funding spent in Sweden for improving the ESCO business through 

2001 to 2006 was €1.3 million and the energy performance contracting business is reported to have 

improved considerably (Forsberg et al., 2007). Though some efforts to support ESCO activities 

were made in India, it is yet to result in a market transformation. This shows that the energy 

performance contracting is better established in Sweden compared to India.  

3.2.4 Technology Procurement Programme 

Sweden: Sweden is a pioneer in implementing and designing technology procurement programmes 

to facilitate diffusion of new energy efficient technologies. In such a programme a new technology 

that could result in significant energy savings in a particular sector of the economy is promoted. 

Challenging specifications for a technology are set based on buyers‘ requirement. Following a 

contest among manufacturers, the most appropriate technology is promoted. Swedish National 

Energy Agency facilitates the selected manufacturers in selling the new technology in the market 

(Olerup, 2000). Since the 1990s, 55 technologies have been initiated through the programme and 

around €39 million was paid out during 1998-2002 (Energy Charter Secretariat, 2006).  

India: There is no technology procurement programme for energy efficient technologies. 

Comment: The technology procurement in Sweden was successful in launching many energy 

efficient technologies. For example, the U values of windows were reduced significantly by a five 

year technology procurement programme launched in 1991. The programme helped to transform 

the Swedish market from an average U value of 2.0 W/m
2
 for windows in new buildings to 1.5 

W/m
2 
(Avasoo, 2004). 
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3.3 Information  

3.3.1 Information Centers 

Sweden: There are 220 energy advisers in Sweden covering almost all the municipalities. They 

provide information on energy and related cost savings to homeowners and small-scale enterprises. 

The service is provided free of charge and is funded by state budget through Swedish Energy 

Agency. 

India: There are building centres and renewable energy parks that provide information about low 

cost housing and renewable energy technologies, respectively. However, there are no information 

centres concerning energy efficiency in the building sector. 

Comment: Energy advisers are considered as an important source of information pertaining to 

efficient use of energy by Swedish households. During 2003-07, energy advisors received a state 

support of around €40 million and the financial support will continue till 2010 (STEM, 2008a). 

3.3.2 Awareness Creation 

Sweden: Energy counseling for households existed during 1977 to 1985. However, after the 

government withdrawn the financial support, most of the municipalities chose not to continue 

energy counseling.  However, the government reintroduced the financial support to support energy 

counseling from 1998 onwards (Sprei et al., 2006). Energy advisors regularly organize exhibitions, 

wherein new energy efficient technologies are introduced to consumers. The Swedish Energy 

Agency uses different channels (e.g. the internet) to provide information and also works along with 

various actors. It has published a book meant to raise the awareness level of school children on 

energy matters (STEM, 2008b). The Swedish Consumer Agency has brought out booklets and 

brochures on energy efficiency measures in buildings like insulation and installation of heat pumps. 

Utilities supplying electricity and heat use different means to influence the homeowners to reduce 

energy use. For example, they advertise on television, send information brochures along with 

energy bills, and conduct public information meetings.  

India: Bureau of Energy Efficiency uses media like newspaper, TV, and internet to introduce their 

new energy efficiency programmes (like energy labeling) to consumers. The Ministry of Power, 

from 2005 onwards, provides energy conservation awards to best performing private commercial 

and government buildings. Awareness among school children is being created through organizing 

national level drawing competition, and the winners are felicitated in a major function.  

Comment: Energy efficiency programme started in Sweden in the 1970s was linked to the oil 

shocks. Relatively high awareness about energy efficiency in Sweden may be related to the number 

of discussions held during the past few decades, for example, about nuclear energy and 

environmental issues.  

3.3.3 Energy Audit 

Sweden: The building codes from 1977 to 1988 required regular inspection of the building. 

However, the number of inspections decreased after the code was revised in 1995. In 2003, 

Swedish government initiated a project to conduct energy audits of 1000 non-residential buildings. 

Based on the study, a bench mark database for energy was launched in 2006. An internet database 

enycklen (www.enyckeln.se) was formed by Swedish Energy Agency, wherein real estate property 

managers and owners can report their energy consumption anonymously. The network will 

facilitate comparison of data on various aspects of energy performance of a building.  

India: There has been some support from the Bureau of Energy Efficiency regarding energy audit 

in the building sector. One of the earlier such initiatives is the energy audit of nine public buildings 

http://www.enyckeln.se/
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in New Delhi through a consortium of energy auditors in 2002. This was followed by another set of 

energy audits in 17 buildings in 2006. The energy audits in these buildings were expected to kick 

start more such ventures across the country. 

Comment:  In India, the Energy Conservation Act of 2001 made it mandatory for commercial 

buildings with a connected load of 500 KW or contract demand of 600 KVA to undertake energy 

audits (Gazette of India, 2001). However, an amendment to the law in 2007 waived such a 

mandatory requirement (Gazette of India, 2007). In contrast, energy audits would be required for 

availing the energy certification of Swedish buildings. Hence we consider this policy instrument to 

be more effective in Sweden compared to India where auditing is voluntary in nature.  

3.3.4 Demonstration projects 

Sweden: Many demonstration projects are being conducted, especially in constructing low energy 

houses and wood-framed multi-storey houses. Such projects include the 21 solar passive houses in 

Lindås Park, ‗ecological‘ housing at Lindholmen, and wood-framed multi-storey buildings at Växjö 

The funding for demonstration projects is often provided by Swedish Energy Agency, but 

municipality and company initiated demonstration projects also exist (Rozite, 2006).  

India: The first major energy efficiency demonstration project in the building sector may most 

likely be the energy retrofit programme conducted through an ESCO at the President‘s house in 

2006. Recently some of the state energy agencies (like Maharashtra Energy Development Agency) 

have also initiated demonstration projects in the building sector. However, the outcomes of these 

projects are not available in the public domain.  

Comment: Some of the demonstration projects in Sweden had special budget for extra time 

required for planning, project evaluation and feedback as well as expert inputs (Femenías, 2005). 

The number of demonstration projects in Sweden is higher and the results of such projects are more 

readily available in the public domain in comparison to India.  

3.3.5 Public leadership programme 

Sweden: Different programmes for energy efficiency improvement in public buildings exist. 

Energy efficiency investment programme for public buildings (2005 -2008) is one such programmes 

to support energy mapping, installation of energy efficient equipment and solar cells in public 

buildings. The budget of around €200 million will cover up to 30% of the cost of different projects.  

India: Energy audits mentioned earlier were conducted in prominent public buildings like 

President‘s house, prime minister‘s office, etc. Apart from this, there are a few regional level 

initiatives for improving energy efficiency in public sector buildings. These initiatives are in the 

early stages. 

Comment: Sweden has considerable funding to promote energy efficiency in public sector 

buildings.  

3.3.6 Voluntary Labeling 

Sweden: The EU flower by the European Commission and Nordic Swan by the Nordic Council of 

Ministers are some of the ecolabels existing in the Swedish market. This labeling may have specific 

energy efficiency criteria. For example refrigerators are eligible under Swan labeling only if they 

have energy classification of A++ or A+ under the Directive 2003/66/EC.  

India: Energy labeling applicable to certain appliances in India is at present voluntary and is 

discussed in section 3.1.1. 
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Comment: Nordic Swan label is the most prominent eco-label in Sweden. The label is recognized 

and understood by 97% of the Swedish population, while 77 % believes that the Swan label makes 

a brand extremely reliable (www.svanen.nu). There is no such parallel initiative in India and the 

energy labeling is still in its infancy. Therefore, voluntary labeling is likely to be more effective in 

Sweden compared to India.  

 

3.4 Voluntary agreement 

 
Sweden: The most prominent voluntary agreement by the Swedish government with in the building 

sector regarding energy efficiency is the ByggaBoDialogen project. The objective is sustainable 

development of the building and property sectors in Sweden. One of the main targets is to improve 

energy efficiency of buildings to reduce by 30 % the purchased energy use in buildings by the year 

2025 compared to 2000. There are 37 partners for this agreement which include major construction 

companies, municipalities and Swedish Government. The government supports the industry‘s effort 

in energy use reduction through various measures, which include financial support for change over 

heating system to district heating, possible opportunities in emission trading, research assistance for 

innovation and diffusion.  

India: In India there is no voluntary agreement with the building industry on matters pertaining to 

energy efficiency. 

Comment: In 2004, Swedish government established a secretariat at the Swedish National Board 

of Housing to facilitate the partnership under ByggaBoDialogen. In the national budget proposal of 

2007, ByggaBoDialogen was allocated extra funds to be used during 2007-2009 to evaluate the 

results of the project, and to disseminate information about experience gained and technical 

solutions identified in the completed projects. 

 

4.  COMPARISON OF POLICY INSTRUMENTS 
 

It is difficult to compare the strength of policy instruments used in the two countries, which are 

divergent in terms of size, economy, priorities, climate and population. The lack of quantitative data 

related to India is another limitation. Nevertheless, based on the description made in Section 3, we 

have made a rough qualitative comparison to indicate the strength/extent of implementation of 

policy instruments in both countries (Table 1). We give a ―+ or -‖ sign for a policy instrument 

depending on if that instrument exists or not. A ―++‖ for an instrument for a country means that the 

instrument is stronger in that country compared to the other. But, the number of ―+‖ signs is not in 

proportion to the strength of an instrument. For example, the policy instrument ―demonstration 

project‖ has ―++‖ sign for Sweden, which means that compared to India there are more 

demonstration projects in Sweden than in India. The relative efficacy of an instrument in different 

countries may depend on planning of the programme, organizations involved, stakeholder 

participation, behaviour pattern, and attitude of the consumers.  

The comparison shows that in India the control or regulatory instruments are almost non-existent. 

Economic, fiscal and informational instrument are used, but they are weaker in India than Sweden. 

Economic instruments such as capital subsidy on energy efficient technologies, and energy and 

environmental taxes are used to promote energy efficiency in Swedish buildings. For example the 

budget allocation for some of the major energy efficiency programmes since 2003 is around €500 

million
32

. Taxation may not be an attractive option in India considering the fact that electricity 

                                                 
32 These programmes are energy policy programme for efficient energy use (2003-2007), energy efficiency investment 
programme for public buildings (2005-2007) and investment support for conversion from direct electricity and oil heating to 
renewable energy alternatives (2006-2010). 
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tariffs, even with subsidies, is one of the highest in the world on a purchasing power parity basis 

(Planning Commission, 2006). Similarly, capital subsidy may be limited due to budget constraints 

to meet other social obligations. However, regulatory instruments could be implemented. In 

Sweden, the building code is revised and energy audit of all buildings is made mandatory, while 

India repealed a provision of mandatory energy audit of commercial buildings. Overall, the energy 

efficiency programmes in Sweden are well planned, provided with required financial resources, 

monitored and evaluated periodically, and amendments to the programs are made, if required 

(Energy Charter Secretariat, 2006).  

 
Table 1: Comparison of policy instruments to promote energy efficiency of buildings in India and 

Sweden. 
 India Sweden 

Type of policy instruments Strength/Extent of 

implementation 

Comments Strength/ Extent of 

implementation 

Comments 

Control and Regulatory instruments 

Appliance Standards 

 

- 

 

 

 

+ 

 

 

Mandatory Labeling & building 

certification programme 

-  +  

Procurement regulation -  +  

Building code + Voluntary ++ Mandatory 

Economic and fiscal instruments 

Energy performance contracting 

 

+ 

 

Initial stages 

 

++ 

 

Increased recently 

Taxation  -  ++ The electricity consumer 

tax is high for households 

Subsidies and grants +  ++ There are many schemes 

Technology procurement -  +  

Information  

Voluntary labeling 

 

+ 

 

 

 

++ 

 

Well established 

Information centers (Energy 

advisors) 

-  +  

Public leadership programme + Only a few 

projects 

++ Large fund for energy 

efficiency improvement in 

public buildings 

Demonstration +  ++  

Awareness raising +  ++  

Energy Audit + Few projects ++  

Voluntary     agreement 

Voluntary and negotiated agreement 

 

- 

  

+ 

 

Note: - indicate policy instrument does not exist in a country  

          + indicate policy instrument exists in a country 

 ++ denote that the policy instrument is relatively strong or more widely implemented than the other 

country 

 

5. CONCLUSION 

 
Regulatory instruments are more influential than other instruments in promoting energy efficiency 

in buildings (Ürge-Vorsatz et al, 2007). Sweden has strong building regulations in the European 

Union (Eichhammer and Schlomann, 1999). This is one reason why Swedish buildings are more 

energy efficient than Indian buildings. Furthermore, the commitment of Sweden to improving 

energy efficiency in the building sector can be inferred from the policy directions, clear targets, 

wide array of policy instruments and resource allocation towards this sector. The Swedish 

experience could be useful for devising programs and implementing policy instruments to improve 

energy efficiency of Indian buildings, where it is a recent phenomenon.  
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There are relatively few instruments in use in India to promote energy efficiency in buildings. 

Economic instruments may not be very attractive to the policy makers due to already high 

electricity tariffs and budget constraints.  Indian government may not provide financial incentive of 

such scale to promote energy efficiency in buildings. However, it may be possible through Clean 

Development Mechanism projects. A recent analysis showed that technologies such as compact 

fluorescent light bulbs, solar cookers and biogas digesters could be promoted through programme 

of activities under the Clean Development Mechanism (Nair et al, 2008). Furthermore, India could 

also implement regulatory instruments similar to Sweden. The recently launched (30
th
 June 2008) 

national action plan on climate change by government of India has sustainable habitat through 

improvements in energy efficiency as one of its mission. This may be considered as a major step to 

improve the energy efficiency of the built environment. There is scope for further improvment in 

energy efficiency of buildings not only in Sweden but also globally if a life cycle energy use 

perspective is implemented.    
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