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Abstract The residential sector has a large poten-
tial to reduce its energy use. Improving the energy 
performance of buildings is one way to realise this 
potential. For single-family buildings, improving the 
energy efficiency by energy renovations can produce 
a net financial gain. However, there are unaccounted 
barriers that act as impediments for house-owners 
to undertake energy efficiency measures. This study 
postulates that transaction costs are such a barrier. 
Transaction costs are defined as the cost of making 
an economic exchange on a market in addition to 
the market price. The purpose is to empirically esti-
mate the magnitude of the transactions costs and its 
determinants for energy efficiency measures in the 
residential sector. Specifically, the transaction costs 
for heat insulation and energy-saving windows in 
Swedish single-family buildings are assessed. The 
analysis is based on a unique dataset, constructed 
from a web-based survey. The results indicate that 
transaction costs for energy efficiency measures are 
considerable. The average transaction cost to make 
additional heat insulation is SEK 18,046 (EUR 1,510) 
and SEK 21,106 (EUR 1,766) to install energy-saving 

windows. The determinants of the transaction costs 
are cognitive limitations, social connectedness, asset 
specificity and previous experiences. Therefore, to 
reduce the transaction costs, the complexity of energy 
efficiency measures must be addressed, potential 
opportunistic behaviour must be reduced, and finan-
cial options expanded.
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Time-bias · Energy-saving windows · Sweden · 
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Introduction

The residential sector accounts for approximately 
40% of both the energy consumption and the energy 
related GHG emissions in Europe (EC, 2020). In this 
context, energy efficiency is a well-defined strategy 
for reducing the emission levels in the sector. How-
ever, despite energy efficiency programmes,1 with the 
specific aim to promote energy efficiency measures in 
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1 Energy Efficiency Directive (EED) and Energy Performance 
of Building Directive (EPBD) are the main energy efficiency 
programs in EU affecting energy renovations. EED was 
amended in 2018 with an energy efficiency target for 2030 of 
at least 32.5 percent, compared to 2005 levels (EC, 2018). Fur-
thermore, a proposed revision of the EED requires the public 
sector to energy renovate three percent of its buildings each 
year, compared to the one percent energy renovated today (EC, 
2020; 2021).
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the residential sector, the progress is slow. A plausi-
ble explanation to this observation is the presence of 
high transaction costs (e.g., Lundmark, 2022; Ebra-
himigharehbaghi et al., 2020). Transaction costs have 
been estimated to constitute roughly 20 percent of the 
project costs for energy efficiency projects in build-
ings (Ürge-Vorsatz et al., 2012) and 24–50 percent for 
energy renovation projects in single-family dwellings 
(Lundmark, 2022). Furthermore, it has been shown 
that transaction costs affect the decision process of 
households to energy renovate (Goodarzi et al., 2021; 
McCann & Claassen, 2016).

From an economic perspective, transaction costs 
can give rise to market failures, i.e., transaction costs 
cause an inefficient allocation of resources (Arrow, 
1969). Transaction costs are the cost of making an 
economic exchange on a market above to the market 
price (Coase, 1937).2 From this perspective and fol-
lowing the same path as the bulk of the economic 
literature, a transaction cost is defined as the oppor-
tunity cost for a given transaction for a specific good 
within a given institutional setting (e.g., Benham & 
Benham, 2000; Lundmark, 2022). They can be both 
ex-ante costs, associated with arranging a transaction, 
and the ex-post costs, associated with monitoring and 
enforcing the transaction (Matthews, 1986).

The presence of transaction costs suggests that 
energy efficiency measures by households can be 
more costly than what the corresponding market 
prices suggest. With high transaction costs, relatively 
fewer energy efficiency measures will be made com-
pared to if the transaction costs are low, given the 
same investment cost. Therefore, it might be a good 
strategy to reduce the transaction costs associated 
with energy efficiency measures to reach the climate 
and energy target for the residential sector. However, 
our understanding of the factors affecting the magni-
tude of the transaction costs are still limited. Thus, 
before an appropriate strategy can be implemented, 
the magnitude of the related transaction costs and 
their determinants need to be addressed and empiri-
cally evaluated. Therefore, the purpose of this study 
is to identify and empirically estimate the impact of 
theoretically consistent determinants of transaction 

costs for energy efficiency measures in single-family 
dwellings in Sweden.

Sweden is an interesting case study since it has 
been estimated that its residential sector has a poten-
tial to reduce its energy use by 20% or more (Swedish 
National Board of Housing, Building and Planning, 
2019). This corresponds to an energy-saving potential 
of 10.8 TWh per year.3 More specifically, there are 
approximately two million detached and semi-detached 
single-family dwellings in the Swedish residential sec-
tor using 30.2 TWh of energy with a potential to reduce 
their energy use (Energimyndigheten, 2021; Weiss 
et  al., 2012; Gram-Hanssen, 2014). Specifically, two 
types of energy efficiency measures for single-family 
dwellings are of interest: heat insulation4 and energy-
saving windows.5 These measures are listed as having 
the highest payoffs for single-family dwellings in Swe-
den (Swedish National Board of Housing, Building and 
Planning, 2019). Moreover, Pardalis et al. (2019) indi-
cate that windows and heat insulations (attic, cellar and 
walls) are common types of energy efficiency measures 
for single-family house-owners in Sweden, in addition 
to the more traditional aesthetic renovations. In fact, 
approximately 30% of the energy efficiency measures 
are for windows, 14 percent for attic insulation and 8% 
each for cellar and wall insulation.

The remainder of the paper is organised as follows: 
The next section, the relevant literature is outlined and 
placed in context. In the section Methods and materials, 
the theoretical aspects of transaction costs are explained 
and operationalised together with the empirical specifi-
cation and data issues. This is followed by the section 
Results and discussion in which the results are presented 
and placed in a larger context. Finally, the Conclusion 
section wraps up the results and expand their implica-
tions into other domains.

Previous literature

The interest in energy efficiency measures in the resi-
dential sector has increased considerably since 2010 

2 There are also definitions for managerial transaction costs 
(e.g., for measures taken within an organisation), and political 
transaction costs (e.g., designing and implementing policies).

3 Based on energy use for heating and hot water in one-, two- 
and multi-dwellings in 2020 (Energimyndigheten, 2022).
4 Building additional thermal insulation of the dwelling’s cli-
mate shell, usually exterior walls, floors, attics or cellars.
5 Windows that are adapted to conserve energy by reducing 
the heat leakage.
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(Dolšak, 2023). Energy efficiency measures include 
measures with the specific purpose to save energy, 
increase energy efficiency and install production unit 
of renewable energy. In this context, energy renova-
tions are defined as renovations with the purpose to 
reduce energy consumption by improving the energy 
performance of a dwelling. There are some review-
studies discussing energy efficiency measures for 
the residential sector (Dolšak, 2023; Liu et al., 2022; 
Kastner and Stern, 2015; Friege & Chappin, 2014).

Studies analysing energy efficiency measures 
by households are numerous. The measures can be 
divided into investment and non-investment measures. 
The latter is a measure not involving capital expen-
ditures, such as behavioural changes (Howard et  al., 
2017) and changing to energy efficient lighting, e.g., 
LED lighting (Caird et  al., 2008), while the former 
usually involves capital investment, such as chang-
ing a heating system (Weiss et  al., 2012); window 
replacements (Lundmark, 2022) or additional insula-
tion (Fernandez-Luzuriaga et  al., 2022). Nair et  al., 
(2010) indicate that approximately 73% of owners of 
detached houses in Sweden have implemented some 
type of energy efficiency measures. However, only 16 
percent are investment measures indicating that Swed-
ish households are more likely to do non-investment 
energy efficiency measures.

It has been shown that potential energy savings are 
not a sufficient motivation for households in single-
family dwellings to invest in energy efficiency meas-
ures (Gram-Hanssen, 2014; Pardalis et  al., 2019). 
Rather, households base their investment decision on 
other aspects such as improving comfort (Mortensen 
et al., 2016), property value (Fuerst et al., 2015; Port-
nov et  al., 2018) and aesthetic considerations (Pomi-
anowski et al., 2019). Moreover, households are also 
reluctant to invest in energy efficiency measures due to 
a lack of understanding the economic benefits (Galvin, 
2014), concerns for the process (Galvin & Sunikka-
Blank, 2014) or reluctancy to disrupt everyday life 
(Vlasova & Gram-Hanssen, 2014). Additionally, 
investments in energy efficiency measures are charac-
terised by uncertainties (de Wilde, 2019; Karvonen, 
2013) and asymmetric information (Owen et al., 2014; 
Risholt & Berker, 2013).

The rationale for investing in energy efficiency 
measures has also been studied (Portnov et  al., 
2018; Wilson et  al., 2018; 2015; Gram-Hanssen, 
2014). Usually, the rationale is analysed in terms of 

drivers and barriers of energy efficiency measures 
for households (Dolšak, 2023; Broers et  al., 2019; 
Azizi et al., 2019; Baumhof et al., 2018; Mortensen 
et  al., 2016; Mortensen et  al., 2016; Ameli and 
Brandt, 2015; Nair et al., 2010). Commonly identi-
fied barriers to energy renovations for single-family 
house-owners are connected to information and 
decision-making (Pettifor et al., 2015; Wilson et al., 
2015). Information issues include a perceived lack 
of credible and available information on poten-
tial energy efficiency measures, misperceptions of 
energy costs, uncertainty about financial benefits, 
and contractor reliability (Lundmark, 2022). Fur-
thermore, the information type and its sources and 
channels are also important aspects for how the 
information is perceived by households (Goodarzi 
et  al., 2021; Hrovatin and Zorić, 2018). The deci-
sion-making issues include the cognitive ability of 
making complex decisions. The decision is normally 
modelled as a binary choice with a wide range of 
analysed determinants. For instance, the impor-
tance of environmental attitudes (Martinsson et  al., 
2011), trust (de Wilde, 2019), energy audits (Mur-
phy, 2014), social learning and practices (Karvonen, 
2013; Darby, 2006), household preferences, attitudes 
and practices (Abreu et  al., 2017; Poortinga et  al., 
2003), social networks (McMichael and Shipworth, 
2013), and spatial resolution (Ahlrichs et al., 2022). 
In addition, grassroots initiatives (Oteman et  al., 
2017) and psychological aspects, e.g., comfort lev-
els, living conditions (Klöckner and Nayum, 2016) 
have also been investigated as an integrated part 
of the decision-making process. Adjacent research 
includes diffusion and adaptation of renewable 
energy by households (Goodarzi et al., 2021; Sardi-
anou and Genoudi, 2013; Moula et al., 2013).

An explanation for the reluctance of households 
to invest in energy efficiency measures is argued to 
be high transaction costs (Lundmark, 2022). Empiri-
cally, transaction costs have been analysed for a vari-
ety of situations. For example, the transaction costs 
for multiple land-use situations (Bostedt et al., 2015), 
land development (Zhuang et  al., 2020), natural 
resource management (McCann et al., 2005), energy-
using equipment (Howarth and Andersson, 1993), 
and forest carbon projects (Phan et al., 2017). From 
a policy perspective, transaction costs have been 
evaluated for agri-environmental policies (McCann 
and Claassen, 2016), planning policy (Shahab et al., 
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2018), energy efficiency policy (Valentová et  al., 
2018), climate policies (Ofei-Mensah & Bennett, 
2013), water policy (Njiraini et  al., 2017), govern-
ance strategies (Signorini, et al., 2015), and payment 
schemes for ecosystem services (Phan et  al., 2017). 
Transaction costs have also been analysed in the 
context of investment in energy efficiency measures 
(Ebrahimigharehbaghi et  al., 2019, 2020; Pardalis 
et  al., 2019; Valentová et  al., 2018; Mundaca et  al., 
2013). For example, the transaction costs for adopt-
ing thermal insulation have been estimated to be 
twice as high in comparison to the costs of materi-
als and labour (Gerarden et al., 2017). The empirical 
literature on transaction costs for energy efficiency 
measures for households are either qualitative evalu-
ation of conceptual frameworks of transaction costs 
(Ebrahimigharehbaghi et al., 2019, 2020; Fan et al., 
2018; Wu et al., 2019), or quantitative assessment of 
the magnitude of transaction costs and their deter-
minants (Lundmark, 2022; Wu et  al., 2019; Kiss, 
2016; Björkqvist and Wene, 1993). The latter studies 
express transaction costs in monetary terms (Kiss, 
2016; Lundmark, 2022) or as workload, i.e., time, 
(Björkqvist and Wene, 1993).

Previous literature indicates that our knowledge 
regarding households’ rationale to investment in 
energy efficiency measures are well understood. It is 
also clear that transaction costs are an important fac-
tor to consider in this context. However, our empiri-
cal understanding of the underlying factors of the 
transaction costs is much more limited. Thus, this 
study provides new insights to our understanding of 
how transaction costs affect investments in energy 
efficiency measures by identifying and analysing 
their main determinants. This is done by specifying 
and combining a method to estimate the magnitude 
of transaction costs with a method to estimate their 
determinants, in a novel approach.

Methods and materials

The methodological approach is based on a three-step 
procedure, as illustrated in Fig. 1. First, a survey is used 
to (a) elicit the information needed from the households 
to calculate the transaction costs, and (b) obtain data on 
control variables for the regression analysis. Second, 
the transaction costs, which is the dependent variable 
in the econometric specification, are calculated. Finally, 
the transaction costs are regressed on a set of control 
variables. The control variables are theoretically and 
empirically derived and hypothesised to have an impact 
on the magnitude of the transaction costs.

Theoretical foundation of transaction costs

Empirically, transaction costs are contextual and defined 
based on the opportunity costs that causes them. They 
can be expressed as the cost of investing in financial mar-
kets (Bhardwaj & Brooks, 1992), the cost of establish 
and maintaining property rights (McCann et al., 2005), 
the cost of market exchanges in excess of the produc-
tion cost (Coggan et  al., 2010), the cost of designing 
and using an institution (Marshall, 2013), or as the dif-
ferent between consumer and producer prices (Nilsson 
& Sundqvist, 2007). For energy efficiency measures, 
transaction costs occur associated with the search and 
information costs of planning, deciding, implementation 
and monitoring the project. These costs can be explicit 
costs, e.g., monetary expenditures, but also implicit costs 
expressed as the value of the time devoted towards the 
different elements of the transaction.

The magnitude of the transaction costs depends on 
transaction characteristics and on behaviour and social 
traits. Williamson (1979) argues for three dimensions of 
transaction characteristics affecting the transaction costs: 
uncertainty, frequency and asset-specificity. Uncer-
tainty relates to the outcome of a transaction, which is 

Fig. 1  Schematic outline of 
the applied methods Survey
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affected by its complexity and asymmetric information 
(Coggan et  al., 2010). For energy efficiency measures, 
uncertainties can be categorised as technical uncertain-
ties (e.g., appropriateness and types of energy efficiency 
measures), and market uncertainties (e.g., energy prices 
and interest rates). In general, a high degree of uncer-
tainty is expected to increase the transaction costs since 
more information needs to be processed and assimi-
lated. Frequency refers to the regularity and the dura-
tion of a transaction. For one-time or occasional trans-
actions, transaction costs associated with developing 
contractual procedures arises since each transaction is 
negotiated individually. More frequent transactions can 
reduce transaction costs by building trust (Vatn, 2005), 
facilitating standardised contracts (Coggan et al., 2013) 
and by allowing recycling of knowledge. Williamson 
(1979) concludes that occasional transactions that are 
non-standardised have most to benefit from adjudica-
tion. Finally, asset specificity refers to the degree an 
asset can be used or refitted for other purposes without 
losing efficiency. A high degree of specificity adds to the 
complexity of the transaction and is expected to result in 
higher transaction costs. For example, a high degree of 
asset specificity complicates the contract and monitoring 
process by necessitating non-standard solutions (Coggan 
et al., 2010, 2013). It can be categorised as site specific-
ity, physical asset specificity and human asset specific-
ity (Williamson, 1981, 1998). For energy renovation, the 
buildings geographical characteristics and location are 
classified as the site specificity, the buildings technical 
specifications as the physical asset specificity and the 
skills needed as the human asset specificity.

Furthermore, the dimensions of transaction cost char-
acteristics are to be understood as a set of behaviour and 
social traits connected to the contractual process. Nor-
mally, the behavioural traits include forms of bounded 
rationality and opportunistic behaviour (Williamson, 
1981, 1985). Bounded rationality suggests that individu-
als make rational decisions but with limited information 
and cognitive limitations. It affects transaction costs since 
more effort is needed to understand and interpret the 
information. Opportunistic behaviour occurs when an 
actor provides limited or selective information, or when 
they perform secretive or deceptive actions to promote 
their self-interest (Carson et al., 2006). It is expected to 
increase transaction costs since more effort needs to 
be devoted towards monitoring and developing more 
comprehensive contracts. In addition, the social traits 
include aspects such as reputation, reciprocity, common 

ideology, social norms and values, and social connected-
ness (Ducos et al., 2009; Phan et al., 2017). A common 
argument is that the social traits decrease the transaction 
costs by reducing the potential for opportunistic behav-
iour (Coggan et al., 2010). Social traits also affect trans-
action costs via knowledge generation that improves the 
decision-making ability (Coggan et al., 2013).

Operationalisation of transaction costs

Before the impact of the identified determinants can 
be assessed, the transaction costs must be estimated. 
The transaction costs (c) are empirically measured 
as the economic value of the resources used in the 
energy renovation process by the household defined 
as the opportunity cost of time plus the monetary 
expenditures made excluding the actual investment 
cost (Lundmark, 2022; Valentová et  al., 2018; Cog-
gan et al., 2017; 2014; Wang, 2003; Benham & Ben-
ham, 2000)6:

for household i and type of energy efficiency meas-
ures r (r = 1, 2) where k is a household specific 

(1)ci,r = ki,r

J
∑

j=1

(

ti,j,rsi,r
)

+ mi,j,r

6 The approach chosen for estimating the monetary value 
of the time component of the transaction costs is based on 
the opportunity cost of the time spend on, e.g., searching for 
information by the households. The opportunity cost of time is 
assumed to equal a foregone wage. That is, instead of search-
ing for information an hour it is assumed that the household 
has the option to work an additional hour. Even if the infor-
mation search is carried out on dedicated leisure time it has 
the same opportunity cost since there is a trade-off between 
work and leisure based on the same logic. For households 
not participating in the labour market the opportunity cost of 
time would be the salary if they did get a job (in this case it 
assumed they enter the labour market with the median salary). 
Also, for households working for a salary and a fixed number 
of hours, the principle is the same. If they cannot work more 
hours in their current job, it is possible to take a second job. 
This approach has the benefit of generating household specific 
transaction costs based on their respective opportunity cost of 
time. It has also been argued that an appropriate approach to 
estimate the transaction costs is based on the number of hours 
households devote towards the different tasks, i.e., transac-
tion costs measured in temporal instead of monetary terms. As 
such, households would have the same value of an hour and the 
complexity of the opportunity cost of time would be avoided. 
However, this approach does not fully account for the heteroge-
neity of the transaction costs across households.
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time-adjustment coefficient, t is the reported time 
devoted towards transaction cost j , s is the opportu-
nity cost of time and m is monetary expenditures.

Nine transaction cost components are included 
(j = 1,… , 9) divided into three groups. The first group 
of transaction costs include information search costs 
to find information on different types of energy reno-
vations, their appropriateness for the specific building 
and the possible need for permits (Wilson et al., 2018; 
Stiess & Dunkelberg, 2013). Specifically, this includes 
search costs on performance of energy renovation and 
contractors (e.g., material choices and competence), 
authorisations and rules (e.g., building permits and 
standards) and subsidies and grants (e.g., investment 
grant and tax deductions). The second group includes 
evaluating costs connected to the effort of finding and 
negotiating with contractors, designing an implemen-
tation plan, assessing the energy performance and 
investment costs, reaching contractual agreements, 
and applying for support with appropriate authorities. 
Specifically, transaction costs associated with contract 
negotiation (e.g., price comparison and functionality), 
work coordination (e.g., towards and between contrac-
tors, and self-work) and work adjustments (e.g., time 
adjustments and attendance) are included. The final 
group includes implementation costs connected to the 
monitoring and enforcement of the contractual obli-
gations of the energy renovation project. Specifically, 
this includes transaction costs associated with control-
ling performed work (e.g., quality and functionality), 
follow-up on performed work (e.g., permit process 
and moisture and mould problems) and adjusting other 
functions of the dwelling (e.g., ventilation and electri-
cal installations).

The opportunity cost of time (s) is measured as 
hourly labour costs based on the reported monthly 
income by the households (y) divided by a fixed num-
ber of working hours per month (h).

The time-adjustment coefficient (k) is added to cor-
rect for potential time-bias by the household since 
they are asked to value past costs, i.e., it is assumed 
that households do not have perfect recollection of 
time and money spent.7 The coefficient is expressed 
as the ratio between stated time (�s) and actual time 
(�a) . The stated time is based on the respondents’ 

(2)si,r =
yi,r

h

self-assessment of the time they spend answering the 
survey, while the actual time spent answering the sur-
vey is reported in the web-based survey. If k > 1 it is 
assumed that households underestimate the time of 
previous tasks.

Econometric model

To estimate the impact of the determinants on the 
transaction costs an econometric model is used. The 
general model is described as:

where � is a vector of the transaction characteristics 
including variables measuring asset specificity (e.g., 
building characteristics), frequency (e.g., experience) 
and uncertainty (e.g., on energy-savings), � is a vec-
tor of the behavioural traits including opportunistic 
behaviour (e.g., trust) and bounded rationality (e.g., 
cognitive limitations), and � is a vector of social 
traits (e.g., socio-economic variables). Equation  (4) 
is estimated separately for heat insulation and energy-
saving windows. The variation in institutional factors 
is assumed to be captured by a regional dummy vari-
able (d) . The error term (�) is assumed to be normally 
distributed with mean zero and variance �2.

Data

A random selection of 10,000 single-family house-
owners were invited to complete a web-based survey. 
The survey was designed to provide information on the 
parameters and variables needed to estimate the trans-
action costs, according to Eq. (1–3), and on the deter-
minants outlined in Eq.  (4). Only energy renovations 
made during the last 5  years were asked to respond 
to the survey (Royer, 2011). In total, 2,848 responses 
were received, of which 2,458 were generally usable 
(1,272 for heat insulation and 1,186 for energy-sav-
ing windows). However, due to partially completed 
responses, the sample is further reduced depending 

(3)ki,r =
�
a
i,r

�
s
i,r

(4)ci,r = f
(

�i,r, �i,r,�i,r, di,r, �i,r
)

7 For a more detailed discussion of the time-adjustment coef-
ficient and its implementation see Lundmark (2022).



Energy Efficiency (2024) 17:20 

1 3

Page 7 of 18 20

Vol.: (0123456789)

on analysis. To avoid miscalculations of average val-
ues, non-answers are regarded as missing observations, 
while active zero answers were included. Moreover, 
missing observations on monthly disposable income 
are replaced with national mean income level of SEK 
34,000 (EUR 2,845)8 and it is assumed an average 
monthly workload of 160  h. For information on sur-
vey design and questions please see the supplementary 
materials. The regression data is available on request.

Table 1 presents descriptive statistics for the socio-
economic and asset specificity variables. National 
averages are also included to make an evaluation 
of the representativeness of the sample. The com-
parisons are not straight-forward but for most vari-
ables the sample corresponds relatively well with 
the national average except for age (the sample has 
an older average age) and gender (an overrepresen-
tation of males). The high average age suggests that 
the sample also might have a disproportionately high 
share of retirees. However, the national average age is 
for the population, not for single-family house-own-
ers. Thus, the national average age for single-family 
house-owners might be close to the sample mean. 
However, a high share of retirees could explain the 
lower income levels (assuming retirees earn less).

Summary statistics on behaviour and social traits 
as well as for uncertainties variables are presented in 
Table 2. The level of experience of energy renovations 
is captured by three binary questions indicating a pro-
gression of experience from (1) the household having 
friends, neighbours or close relatives that have done 
energy renovations, (2) to have helped them do the 
energy renovation, and (3) to have done energy renova-
tions previously themselves. Based on these questions, 
a single matric is constructed by horizontally adding 
the three experience levels. As such, the constructed 
experience variable has three discrete steps where each 
subsequent step signifies a higher experience level. A 
fourth binary experience variable indicates whether the 
household has made other types of renovations to the 
dwelling during the last 5 years. Two binary questions 
regarding membership in house owners’ associations 
and in environmental organisations are used to con-
struct a binary social connectedness variable. Following 

Coggan et  al., (2014), social connectedness refers to 
the connection a household has with other households, 
groups or organisations, and is constructed as the 
merged combination of the two membership questions, 
i.e., membership in either of the organisation types sets 
the social connectedness variable to unity. The level of 
trust is measured by two questions on a 10-grade Lik-
ert-scale regarding the level of trust the house-owner 
has towards information from the public sector and 
from environmental organisations. The constructed 
trust variable is based on the mean of the answers to the 
two questions. Generally, as suggested by the median, 
information from the public sector (8) is trusted to a 
higher degree compared to information from environ-
mental organisations (6). The house-owners perceived 
uncertainty is measured along two dimensions, invest-
ment costs and energy-savings, using a 10-grade Lik-
ert-scale. The constructed uncertainty variable is also 
based on the mean of the answers to the uncertainty 
questions. In general, the median uncertainties are 
higher for energy-saving potential than for the invest-
ment costs. This can partly be explained by the fact 
that investments costs are often contractually regulated 
which reduces its uncertainty. The perceived complex-
ity of the different transaction costs components is used 
to construct a variable of the house-owners’ cognitive 
limitations. The perceived complexities are answered 
on a 10-grade Likert-scale (not shown in the Table) and 
the constructed cognitive limitation variable is based on 
the mean of these answers. It is expected that the trans-
action costs will increase with greater cognitive limita-
tions. Finally, the house-owner’s self-assessments of 
their environmental awareness is measured on 10-grade 
Likert scales.

Table  3 presents descriptions and frequencies of the 
categorical variables. Approximately 39% of the respond-
ents are retirees, which corresponds well with the rela-
tively high average age in the sample. Most commonly, 
the dwellings are detached and have wood facades. Most 
of the households have also lived in their current dwellings 
for more than 15 years and have a university degree.

Results and discussion

Estimated transaction costs

For the determination of transaction costs, the respond-
ents were asked to state the total time (t) devoted to 

8 The exchange rate at the date the survey was completed (1. 
June 2021) is used to convert SEK to Euro (11.95 SEK per 
Euro).
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tasks associated with the transaction costs components 
using a 10-step Likert-scale question, where each step 
represents a span of ten hours. The median value of 
the chosen hour span is used in the calculations. Infor-
mation on the monetary expenditures (m) associated 
with the transaction cost components were obtained 
by open-ended questions. Table 4 presents descriptive 
statistics for the hours and expenditures devoted to the 
energy renovation projects, as well as the calculated 
opportunity cost of time (cf. Equation 2) and transac-
tion costs (cf. Equation 1). On average, 8.9 h are spent 
on heat insulation and 7.9 h on energy-saving windows. 
The average expenditures (m) are SEK 355 (EUR 29.7) 
and SEK 514 (EUR 43) for heat insulation and energy-
saving windows, respectively. The average opportunity 
cost of time (s) is SEK 1,907 (EUR 159.6) per hour for 
heat insulation and SEK 2,425 (EUR 202.9) per hour 
for energy-saving windows. The average transaction 
cost (c) is SEK 18,046 (EUR 1,510) for heat insulation, 
with a standard deviation of SEK 36,289 (EUR 3,037), 

and SEK 21,106 (EUR 1,766) for energy-saving win-
dows, with a standard deviation of SEK 35,594 (EUR 
2,979). The average time-adjustment coefficient (k) is 
1.87 for both samples (r) . This suggests that house-
holds tend to underestimate the duration of previous 
tasks. That is, the measured actual time ( �a ) is higher 
than the stated time ( �s).

The magnitude of the transaction costs corresponds 
to 29.8% of the investment costs for heat insulations 
and 57.7% for energy-saving windows. Mundaca 
(2008) finds that transaction costs constitute between 
10 and 30% of the total investment costs for energy 
renovations while Björkqvist and Wene (1993) find 
shares between 13 and 28%. The opportunity cost of 
time is the dominating element in the estimated trans-
action costs. For heat insulation it constitutes 94% 
of the transaction costs and for energy-saving win-
dows 90.8%. A small but positive correlation exists 
between reported income and monetary expenditures 
for both heat insulation and energy-saving windows, 

Table 1  Descriptive statistics socio-economic and asset specificity variables, and comparable national averages

1  Share of males in national population
2  Source: SCB (2022)
3  Average disposable income for all types of households (annually EUR 41,523 or SEK 496,200)
4  Average national price for single-family dwellings. Source: Mäklarstatistik (2022)
5  Average debt for households owning a dwelling. More updated numbers are not available
6  Average number of persons per household in one-family dwelling
7  Number of rooms (including kitchen but excluding bathrooms and toilets) in new one-family dwellings
8  Average useful floor space per person for cohabiting adults without children in single-family dwelling (64 m2per person, multiplied 
by national average number of persons in a household 2.6)
9  Average annual heating expenditures for households with 141–160 m2 floor space (the corresponding expenditure for all house-
holds is EUR 1,807 or SEK 21,597)

Variable Mean Std. Dev National average

Gender (male = 1) 0.78 0.42 0.503 1 2021
Age (years) 61.9 13.7 42 2 2021
Income, disposable (1,000 SEK) 49.9 27.0 41.4 3 2020
Property value (million SEK) 4.71 5.45 4.04 4 2021
Mortgage (million SEK) 1.31 2.33 1.17 5 2007
Number of adults (#) 2.02 0.63 2.6 6 2021
Number of children (#) 0.51 0.93
Number of floors (#) 1.68 0.54 NA
Basement (yes = 1) 0.46 0.50 NA
Number of rooms (incl. kitchen, bathrooms, toilets) 

(#)
8.40 2.85 6.04 7 2010

Size of dwelling  (m2) 164 59.5 166 8 2020
Annual energy expenditures (1,000 SEK) 19.7 9.63 23.3 9 2020
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albeit the sample is significantly reduced since several 
households did not report on monetary expenditures 
(void answers). The positive correlations suggest that 
low-income households have a higher willingness to 
invest private time to, e.g., search for information, 
while high-income households are more likely to out-
source these activities. Similar patterns are found by 
Coggan et al., (2014).

Determinants of the transaction costs

Three statistical tests indicate that the transac-
tion costs are not normally distributed.9 Since the 
transaction costs are censored at zero, i.e., they 
cannot be negative, a Tobit model is considered 
more appropriate compared to an ordinary least 
square model, or a generalised least square model. 

A statistical significance threshold of ten percent 
is used. Explanatory variables not statistically 
significant at that level are subsequently dropped 
from the regression. Initial regressions indicated 
that the households’ educational level and area 
of education as well as their type of employment 
and occupation have no explanatory power and are 
therefore dropped stepwise to avoid confounding 
effects. Furthermore, the following dwelling char-
acteristics variables have no explanatory power: 
the construction year and type of dwelling, the 
type of heating system and façade and the dwell-
ing locality. Furthermore, the inclusion of the 
uncertainty variable reduced to sample size due 
to missing observations to such an extent that the 
variable is dropped from the regression. For the 
regional dummy variables, the county of Norrbot-
ten is the reference case. The regressions are made 
using STATA (version 17) and the main results 
are summarised in Table 5 and the effect of the 20 
dummy variables controlling for regional effects 
are presented in Table 6 in the Appendix.

Table 2  Summary of 
survey data on uncertainty, 
behavioural and social 
traits, whole sample

Variable Mean Median Std. Dev

Experience
  Level 1 – Knowledge of others (yes = 1) 0.36 0 0.48
  Level 2 – Helped others (yes = 1) 0.10 0 0.30
  Level 3 – Done themselves before (yes = 1) 0.23 0 0.42
  Constructed experience variable (1–3) 0.55 0 0.81
  Other types of renovations (yes = 1) 0.48 0 0.50

Social connectedness
  Membership in house-owners’ associations (yes = 1) 0.69 1 0.46
  Membership in environmental organisation (yes = 1) 0.16 0 0.37
  Constructed social connectedness variable (0/1) 0.73 1 0.44
  Environmental awareness (1–10) 7.40 8 1.72

Trust
  Information from public sector (1–10) 7.25 8 2.28
  Information from environmental organisations (1–10) 5.96 6 2.53
  Constructed trust variable (1–10) 6.61 7 2.18

Uncertainty
  Investment costs (1–10) 3.16 2 2.46
  Energy savings (1–10) 4.43 5 2.69
  Constructed uncertainty variable (1–10) 3.73 4 2.22

Cognitive limitations
  Constructed cognitive limitations variable (1–10) 2.93 2 2.18

9 The tests conducted are: Shaprio-Wilk test (Shapiro and 
Wilk, 1965); Shapiro-Francia test (Shapiro and Francia, 1972); 
and the skewness and kurtosis test for normality (D’Agostino 
et al., 1990). In all cases, the null hypothesis of normal distri-
bution is rejected at the 1% significance level.
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Discussion of the results

Some of the results differ between the two types of 
energy renovation, while some are comparable between 
the models. However, the determinants of transaction 
costs associated with heat insulation are better identi-
fied and with a better statistically significant compared 
to energy-saving windows. That is, the transaction 

costs for heat insulation are better explained by the 
model compared to energy-saving windows. The likeli-
hood ratio tests indicate that the null hypothesis that all 
regression coefficients are zero can be rejected.

For both types of energy renovations, trust and 
environmental awareness are not statistically signifi-
cant, neither are size of the dwelling, whether it has a 
basement or not, number of children and age. Previous 

Table 3  Summary and frequencies of categorical variables

Variable name Description Frequency (%) Variable name Description Frequency (%)

Employment Full-time 43 Heating system Electric (direct) 17
Part-time 3 Electric (water) 10
Self-employed 7 Wood fuel 8
Unemployed 2 District heating 15
Retired 39 Geothermal 28
Homemaker 1 Air heat pump 21
Student 4 Other 2

Profession Managerial 13 Façade Plaster 10
Advanced university qualifica-

tions
23 Brick 25

University qualifications 21 Sand lime brick 2
Administration 7 Wood 60
Service, care and sales 10 Sheeting 1
Agriculture, horticulture, for-

estry and fishing
1 Panels (other) 2

Construction and manufacturing 5 Construction year Before 1899 5
Mechanical manufacturing and 

transport
5 1900–1910 4

Shorter education or introduc-
tion

1 1911–1949 18

Military professions 13 1950–1969 20
Education area Artistic 3 1970–1979 26

Humanities 4 1980 and later 28
Social sciences 22 Dwelling locality City 7
Natural sciences 8 Suburban 28
Technical 35 Town 28
Educational 12 Village 23
Health 16 Rural 15

Educational level Doctoral degree 5 Years in current dwelling Less than 1 year 2
University degree 53 1 to 5 years 12
Vocational degree 18 6 to 10 years 13
Upper secondary school 20 11 to 15 years 13
Compulsory school 4 More than 15 years 60

Dwelling type Detached 86
Terrace house 11
Semi-detached 40
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studies have mainly analysed the effect of these vari-
ables on the decision-making process for energy 
renovations. Our results estimate the impact of these 
variables on the transaction costs, but a positive effect 

would imply higher transaction cost and therefore also 
a reduced likelihood of doing an energy renovation.

For environmental awareness, previous stud-
ies partly support our finding, i.e., that the 

Table 4  Descriptive statistics of the elements used to calculate the time-adjusted transaction costs

1 Calculated as the average of the total sum of all transaction cost components

Variable Unit Heat insulation Energy-saving windows

Mean Std. Dev n Mean Std. Dev n

Hours devoted (t) h 8.9 12.4 7.9 10.4
Expenditures (m) SEK (€) 355 (29.7) 2,393 (200.3) 514

(43)
6,379 (533.8)

Opportunity cost (s) SEK  h−1 (€  h−1) 1,907 (159.6) 2,711 (226.9) 2,425 (202.9) 3,305 (276,6)
Transaction  costs1(c) SEK (€) 18,046 (1,510) 36,289 (3,037) 1,272 21,106 (1,766) 38,594 (2,979) 1,186

Table 5  Tobit regression results

***, **, * represent one, five and ten percent significance, respectively

Heat insulation Energy-saving windows

Coefficient Std. Err Coefficient Std. Err

Behaviour traits
  Trust (1–10) -897 755 602 789
  Social connectedness (yes = 1) 11,096 3,458 *** 807 3,572
  Cognitive limitations (1–10) 1,829 720 *** 1,177 777
  Environmental awareness (1–10) 1,024 967 185 1,004

Frequency
  Experience of energy renovations (1–3) 7,774 1,757 *** 5,818 1,813 ***
  Experience of other types of renovations (yes = 1) 13,599 3,173 *** 14,462 3,283 ***

Asset specificity
  Floors (#) -5,915 3,143 * -3,278 32,800
  Cellar (yes = 1) -854 3,298 1,116 3,425
  Rooms (#) 1,335 681 ** -436 706
  Size (m2) -18.1 33.5 15.5 34.6

Social traits
  Gender (male = 1) -202 4,341 -8,661 4,514 *
  Age (years) -64.2 159 -12.5 164
  Income (tSEK) 27.6 63.2 *** 319 64.9 ***
  Property value (MSEK) 664 286 ** 21.1 303
  Mortgage (MSEK) 2,072 1,068 * 1,861 1,091 *
  Adults (#) 4,548 2,681 * 747 2,812
  Children (#) -1,108 2,302 936 2,361

Constant -13,823 18,037 3,457 18,921
Regional effect 20 DV 20 DV
n 710 673
Log-likelihood -8,545 -8,106
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environmental awareness of households has no effect 
(e.g., Achtnicht, 2011; Achtnicht & Madlener, 2014; 
Baumhof et  al., 2017). The statistically insignificant 
results for some of the socio-economic variables (size 
of the dwelling, basement or not, number of children 
and age) are also partly supported by previous stud-
ies. However, more commonly these variables are 
found to have a negative effect (Dolšak, 2023).

The effects of bounded rationality on transaction 
costs can be assessed by the households’ cognitive 
limitations. It is expected that cognitive limitation 
will have a positive effect on transaction costs, i.e., 
the higher the perceived complexity of the energy 
renovation the higher the transaction costs is expected 
to be. The results indicate that cognitive limitations 
are statistically significant for heat insulation but not 
for energy-saving windows. This suggest that heat 
insulation is perceived as a more complex process 
since it is less standardised compared to energy-sav-
ing windows. Previous studies assessing cognitive 
limitations have not been identified, but Coggan et al., 
(2014) find that bounded rationality has an impact on 
transaction costs, and Kastner and Stern (2015) find 
mixed results for the manner the decisions is made 
in. The result indicates that if the cognitive limita-
tion increases by one step, the transaction costs for 
heat insulation would increase by approximately SEK 
1,800 (EUR 150.6). Conversely, if the perceived com-
plexity of undertaking a heat insulation renovation 
would be reduced, so would the transaction costs.

The impact of opportunistic behaviour is 
assessed by the trust and social connectedness vari-
ables. The trust variable is not found to be statisti-
cally significant, contrasting the results to that of 
previous studies which normally find that trust is 
an important variable (e.g., de Wilde, 2019; Bolton 
et  al., 2023). This inconsistency can plausible be 
explained by different institutional and social set-
tings, as well as different practices in the analysed 
countries. Another explanation for the inconsistency 
could be the applied method, where data based on a 
small sample of interviews might be difficult to gen-
eralise to an entire population. Social connectedness 
refers to the connections a household has to social 
groupings or organisations. Social connectedness is 
statistically significant for heat insulation but not for 
energy-saving windows. This can be explained by 
that opportunistic behaviour is more likely the more 

complex a renovation is. That is, complex renovation 
increases the risk of asymmetric information that 
can be exploited by e.g., contractors. Interestingly, 
if the household is social connected the likelihood 
of opportunistic behaviour increase, with increased 
transaction costs consequently. Alternatively, this 
can be interpreted as an indication that social con-
nectedness follows a high aspiration for validation or 
confirmation, which increases the transaction costs. 
Coggan et al., (2014) also finds a positive relation-
ship between social connectedness and transaction 
costs. Paraphrasing their argument is that being 
a member of many organisations not exclusively 
engaged in energy renovations, increases transac-
tion costs due to the effort involved in the interaction 
with these organisations. On a wider scale of social 
influences, Kastner and Stern (2015) find a pre-
dominantly positive effect. The results indicate that 
households with social connectedness have transac-
tion costs roughly SEK 11,000 (EUR 920) higher 
than households without social connectedness.

The frequency of which a particular type of trans-
action occurs is expected to affect the transaction 
costs. The frequency is proxied by two experience 
variables. The result indicates that if the experi-
ence of energy renovation increases, the transaction 
costs would increase by almost SEK 7,800 (EUR 
653) for heat insulation and by approximately SEK 
5,800 (EUR 485) for energy-saving windows. If the 
household has previous experience of other types of 
renovations, the transaction costs for heat insulation 
would increase by almost SEK 13,600 (EUR 1,138) 
and by SEK 14,500 (EUR 1,213) for energy-saving 
windows. The results seem counter-intuitive since 
experience is expected to accumulate knowledge that 
reduces transaction costs. Indeed, Kastner and Stern 
(2105) identify two studies that estimate a posi-
tive relationship between the likelihood of doing an 
energy renovation and experience with retrofit meas-
ures. However, it can be argued that the frequency is 
still not high enough for the transaction costs to be 
reduced. Even occasional transactions of this type 
still require the development of individual contrac-
tual procedures. That is, even with experience of pre-
vious energy renovations, the projects are sufficiently 
unique to make knowledge transfers difficult. Instead, 
the previous projects have made the transaction costs 
transparent and tangible (Phan et al., 2017).
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The impact of asset specificity is assessed by the 
variables related to the dwelling characteristics. A 
high degree of asset specificity is hypothesised to 
increase the transaction costs of energy renovations. 
However, since only number of rooms and number 
of floors are statistically significant and only for heat 
insulation, little support is found for the hypothesis. 
That is, asset specificity captures the inherent differ-
ences of energy renovation projects, but it does not 
translate into higher transaction costs. In fact, none 
of the variables are statistically significant for energy-
saving windows. For heat insulation, multi-storey 
dwellings reduce the transaction costs (increase the 
likelihood of doing an energy renovation), while 
the number of rooms increase the transaction costs 
(decrease the likelihood of doing an energy renova-
tion). This is contrary to Gamtessa (2013) who finds 
a negative effect of the number of floors on the like-
lihood of doing an energy renovation. In latter case, 
the number of floors might capture other aggravat-
ing aspects of an energy renovation outweighing the 
effect it might have on the transaction costs. As such, 
a direct comparison with previous studies is difficult 
since different variables are used. However, living 
space (size) is commonly included in other studies as 
well but has been estimated to have a positive effect 
on the likelihood of doing an energy renovation (Nau-
leau, 2014), a neutral effect (statistically insignificant) 
(Dolšak et al., 2020) and a negative effect (Gamtessa, 
2013). This is supported by Kastner and Stern (2015) 
that also find mixed results in their review. Similarly, 
little support is also found for the hypothesis of site 
specificity, as indicated by the regional dummy vari-
ables (they are mostly statistically insignificant).

Finally, the social traits, proxied by socio-eco-
nomic variables, are included as control variables. 
The results indicate that they are not comparably 
affecting the two types of energy renovations. For 
instance, gender is affecting the transaction costs for 
energy-saving windows but not for heat insulations. 
The number of adults in the household and property 
value are affecting the transaction costs for heat insu-
lation but not for energy-saving windows. Income 
level and mortgage size affect the transaction costs 
for both types of energy renovations. Energy reno-
vations are commonly financed by remortgaging the 
dwelling. This involves additional transactions costs 

which can be expected to increase with the mort-
gage size. The results indicate that the transaction 
costs increase by around SEK 1,100 (EUR 92) per 
million SEK in mortgage, for both types of energy 
renovations. Since the transaction costs are measured 
as the opportunity cost of time, households valuing 
their time higher compared to other households are 
expected to have higher transaction costs (per unit of 
time). That is, household specific salaries are used 
to derive an internal labour cost associated with the 
transaction costs. High-income households are thus 
expected to have higher transaction costs compared 
to low-income households. However, the results 
indicate that the income effect on transaction costs 
is low. This suggests that energy renovations are 
not driven by income levels. However, there might 
be distributional effects since low-income house-
holds do not have the same opportunity to outsource 
activities associated with the transaction costs. The 
income levels affect the transaction costs, albeit on 
a very low level. If the income increases by SEK 
1,000 (EUR 84), the transaction costs would increase 
by SEK 27.6 (EUR 2.3) for heat insulation and by 
SEK 319 (EUR 26.7) for energy-saving windows. 
Property value can be used as a proxy for the size 
of the energy renovation projects. The results indi-
cate that it has a small effect on the transaction costs 
for heat insulation and no effect on the transaction 
costs for energy-saving windows. Therefore, in the 
latter case, transaction costs can be considered as a 
fixed cost and do not scale-up with larger projects. 
Consequently, high-valued dwellings are more likely 
to undergo energy renovations since the transaction 
costs represent a lower share of the property value 
compared to low-valued dwellings. That is, large 
projects are more likely to absorb the transaction 
costs compared to small projects making transac-
tion costs a less deterring factor for energy renova-
tions. Direct support towards low-value dwellings 
can be a way to increase the rate of energy renova-
tions. Property value is only statistically significant 
for heat insulation. If the property value increases by 
one million SEK (EUR 83,682), the transaction costs 
would increase by SEK 664 (EUR 55.6). This is con-
sistent with previous research that concludes that 
their transaction costs are predominantly fixed costs 
(Coggan et al., 2014).
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Conclusions

To expediate the potential of energy savings in the 
residential sector, the transaction costs associated with 
energy efficiency measures must be identified, esti-
mated and properly addressed. In this study, a theo-
retical consistent approach to empirically estimated 
transaction costs for heat insulations and energy-
saving windows and their determinants is developed. 
The primary determinants of transaction costs are the 
frequency by which similar transactions occur, behav-
iour traits, such as social connectedness and cognitive 
limitations, and social traits, such as income level, 
property value, mortgage and household size. Interest-
ing, asset specificity is only influencing the transaction 
costs to a lesser degree. Thus, these are the areas that 
firms and organisations, as well as the public sector, 
must address to reduce the transaction costs.

The results indicate that the average transaction 
cost for single-family house-owners in Sweden to 
make additional heat insulation is SEK 18,046 (EUR 
1,510) and SEK 21,106 (EUR 1,766) to install energy-
saving windows. These results are based on an oppor-
tunity cost of time that equals the households’ hourly 
earnings. This corresponds to approximately 30% of 
the investment costs for heat insulations and 58% for 
energy-saving windows. Thus, a primary conclusion 
is that transaction costs are a major barrier for house-
holds to undertake energy efficiency measures. Con-
sequently, by reducing the complexity of investments 
in energy efficiency measures, the transaction costs 
can also be reduced, which would increase the likeli-
hood of households to investment in energy efficiency 
measures. That is, by eliminating superfluous prac-
tices and bureaucracy more households would under-
take energy renovations and thus help achieve energy 
and climate policy targets.

The results also provide interesting policy 
insights. In general, if the benefits do not outweigh 
the costs, including transaction costs, energy reno-
vations will not occur and the expected energy-
saving potential will not be realised, even with the 
most ambitious policy targets. Both from a national 
(Swedish), and EU perspective, the transaction costs 
associated with energy renovation must be addressed 

to design effective policies. If improving the energy 
efficiency in the residential sector is considered a 
priority, policies should primarily be designed and 
directed towards reducing transaction costs faced 
by households (e.g., unbiased information packages, 
local advise services, establishing forums for knowl-
edge transfer). Otherwise, energy efficiency improve-
ments in the residential sector, especially for single-
family dwellings, might not be such a low-hanging 
fruit as expected. To address the issue of transac-
tion costs acting as a barrier for energy renovations, 
multiple policy designs might be called on, based 
on not only basic economic assumptions or climate 
responsibilities, but also on our understanding of 
how households fail to adhere to these assumptions, 
i.e., bounded rationality and the impact of behaviour 
traits. The importance of behaviour traits, especially 
for heat insulation, suggest a bottom-up approach 
in policy design might be more appropriate com-
pared to a top-down approach. In addition, the pol-
icy design should also consider the heterogeneity of 
households, such as income level, mortgage size and 
the structure of the household, to reduce the impact 
of transaction costs. Furthermore, the policies must 
be design not to add additional transaction costs. 
Complicated compliance or understanding of poli-
cies might, contrary to its intentions, instead increase 
the transaction costs.

There are several avenues that can further develop 
this line of research. Firstly, an explicit policy analysis 
that assess the impact of specific policies on the trans-
action costs would provide detailed information on pol-
icy issues. Secondly, by expanding the types of energy 
efficiency measures analysed, it would be possible to 
draw conclusions on the cost-efficiency of the different 
measure including transaction costs. Thirdly, informa-
tion types and sources on energy efficiency measures 
have an impact on trust, uncertainty, and reliability, all 
of which affect transaction costs. Therefore, it would be 
interesting to analyse the specific impacts of informa-
tion issues. Finally, it would be interesting to expand 
the scope of the analysis to a larger policy area, such 
as the EU. However, to this end a new survey needs to 
be design and distributed to collect the necessary data 
across EU member states.
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