
 
 

Delft University of Technology

Homeowners' decisions towards energy renovations -critical stages and sources of
information

Ebrahimigharehbaghi, Shima; Qian, Queena K.; Meijer, Frits M.; Visscher, Henk J.

DOI
10.1051/e3sconf/201911103014
Publication date
2019
Document Version
Final published version
Published in
E3S Web of Conferences

Citation (APA)
Ebrahimigharehbaghi, S., Qian, Q. K., Meijer, F. M., & Visscher, H. J. (2019). Homeowners' decisions
towards energy renovations -critical stages and sources of information. E3S Web of Conferences, 111,
Article 03014. https://doi.org/10.1051/e3sconf/201911103014

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.

https://doi.org/10.1051/e3sconf/201911103014
https://doi.org/10.1051/e3sconf/201911103014


 

* Corresponding author:  S.Ebrahimigharehbaghi@tudelft.nl  

���������	
���
�	���	�������	������������������	���
�����
��������	���������
�	����������������
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Abstract. The European Commission aims to decrease GHG emissions to 80% below 1990 levels by 2050 (EU, 2017). 
The housing stock has a considerable share that equals to 40% of energy consumption and 36% of emissions in the EU. 
The current research aims to evaluate the homeowners’ energy renovation decisions on the exterior, interior, and 
insulation/installation of their house. The householders' renovation decisions are analyzed with regards to (1) which stages 
to help/support and (2) what information is essential in the renovation process. Considering the extent of difficulty for 
private homeowners’ in accessing information and complexity in conducting the renovation, transaction cost (TC) theory 
is applied in understanding the decisions. The data has been collected through a survey among 3,776 of the Dutch 
homeowners in 2012. Then, statistical and logistic regression analysis has been conducted to analyze the renovation 
decisions for two groups of homeowners: renovators and potential renovators. According to the results and the outcomes 
of this study: (1) For the renovators: (a) the main identified stages in getting help are in carrying out the renovation, 
determining the costs, and looking for the reliable professional/ contractor, (b) the main identified sources of information 
are at the maintenance/ installation companies, family/ friends, and via internet; (2) For the potential renovators: (a) the 
main identified help stages are in determining the costs, looking for a reliable professional and carrying out the renovation/ 
improvement, (b) the main identified sources of information are via the internet, by a maintenance/ installation companies, 
and family/ friends. The main difference among the renovators is for insulation/ installation. The most significant stage in 
getting help for insulation/installation is to find out the most efficient solutions. Similar results have been found for the 
potential renovators; the only difference was in the order of the influencing factors. 
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The housing stock has a considerable share in energy 
consumption1. In the Netherlands, the owner-occupied 
sector takes a significant share of 69.4% of the building 
stock. In Europe, the energy label system is used to 
measure the performance of the building stock. In the 
Netherlands, the energy label D is the average for the 
Dutch owner-occupied sector 2–4. Considering a high 
share of housing and relatively low average energy label, 
the owner-occupied sector in the Netherlands has a high 
potential in reducing the energy consumption in the 
housing stock. It is, therefore, chosen as the focus of our 
paper.  

The aim of renovations by the households is to 
improve the conditions of the house or to make it more 
comfortable5,6. However, there are barriers in the 
renovation process which affect the willingness in 
investing and renovating by the households7. For instance, 
homeowners cannot easily finance the energy renovation 
investment, and the process is very complicated. In the 
Netherlands, the private banking system supports the 
householders in the renovation by providing mortgages 
more than the house values. However, the complexities in 
getting the loans/ subsidies might hinder the homeowners 
from applying. Additionally, there are uncertainties in the 
expected benefits of energy efficiency renovations 
compared to the mortgage costs 8. 

In a renovation process, different stages have hidden 
costs that are not taken into account but affect their faith 
in renovation decision. For instance, in an early stage, 
householders have to spend time and resources in 

evaluating the costs and benefits of the renovation. In this 
paper, a specific type of barriers- transaction costs,  is 
investigated. In any transaction with an external party, 
some hidden costs exist that the institutional economist 
called it the ‘Transaction Cost (TC)’. The elements that 
cause the TC are asset specificity, uncertainty, and 
frequencies. By increasing the asset specificity and 
uncertainty, the TC escalates 7,9–11. 

In this paper, the aim is to address the homeowners’ 
transaction cost barriers at different stages of a renovation 
process. Logistic regression is conducted to examine the 
importance of TCs barriers quantitatively, between two 
target groups of householders: the renovators and 
potential renovators. By energy renovations, we refer to 
any improvement or significant changes in three different 
parts of the house; exterior, interior, and insulation and 
installation. 

Section 2 reviews the literature on transaction costs. 
Section 3 describes the methodology and database of the 
survey. Sections 4 and 5 present subsequently the results 
of the analyses, and conclusions. 
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The literature on the TCs are reviewed from homeowners’ 
and other stakeholders’ perspectives, then the TCs 
typology and measurement indicators are aligned along 
the renovation process. Theoretical framework including 
the renovation stages and related TCs are developed for 
empirical analysis.  
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TC means any unavoidable indirect cost in a transaction 
that negatively affects the consumers' decision12. It is a 
sub-category of ‘hidden costs’ that have not been 
adequately considered in the cost analysis and consisting 
of a search for information, negotiating and monitoring 
costs.13 Three main elements cause the transaction costs: 
(a) asset specificity: TC can be created whether an asset is 
allocated for a specific purpose. In case of renovation, the 
asset specificity can be explained for both human and 
physical assets. The example of a physical asset is an 
investment in specific technologies/measurements, and 
the human asset is the essential skills/knowledge for a 
renovation, (b) uncertainty: any opportunistic behavior/ 
asymmetric information affects the confidence/ trust/ 
certainty in making a decision. In renovation decision, 
two main types of uncertainties exist uncertainty in the 
expected benefits and opportunistic behavior of other 
actors, and (c) frequency: the element is related to the 
uncertainty. By experiencing the renovation and doing 
more renovation, uncertainties will reduce 14. 
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New institutional economics have applied TC theories in 
explaining the behavior of market agents mainly through 
imperfect and asymmetric information. The main and 
starting point in the TC studies focus on the organization 
and enterprise level of analysis15,16. The studies focus on 
different aspects, (a) in the planning phases, such as 
searching for information 17, (b) in the executing phase, 
controlling, and enforcing16, (c) and overall activities18,19. 
The current study follows the last category of the 
literature and considers the TCs of the overall activities in 
the renovation process. 
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Few studies have investigated the TC from householders' 
perspectives in the renovation processes 20. Some 
literature has analyzed the homeowners' TC, not for the 
renovation decision, but other activities, such as the 
impact of transaction cost on more stay in a particular 
house 21. The second group has partly considered the 
TCs along with other influencing factors7, and not much 
research on the householders’ TC for the renovation 
process. Among them, some researchers aim to quantify 
the TC. For instance, Bjorkqvist and Wene (1993) 20 
estimated the TC in changing the heating system equal to 
18 hours for Swedish single family dwellings (13-28% 
of the predicted investment cost). The authors have 
defined the TC as a time spent in each decision stage. To 
quantify the TC have aroused some critics due to unclear 
time allocation for a specific activity.  
                                                
1 Bounded rationality has two blades; cognitive limitation of an agent 
and environment structure around the agent34. 
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Mundaca et al. (2013)10 have reviewed TCs 
comprehensively from investors/project developers' 
perspectives. The assumption is that agents have bounded 
rationality1 and do not have access to complete 
information. In their article, the authors developed a 
taxonomy for TCs consisting of five types of costs: search 
for information costs, negotiation costs, approval and 
certification costs, monitoring and verification costs, and 
trading costs. Besides, the authors explained a list of 
factors in the implementation and operation of low-carbon 
technologies that are influencing the nature and scale of 
TCs. Endogenous factors, such as the size and complexity 
of the project, the high number of intermediaries, and 
fewer experiences in doing a project might increase the 
TC. Finally, an interesting finding of their research is that 
the sources and estimates of TCs are specific to the cases 
and circumstances.  

Qian et al. (2014) 22  developed a TC framework 
from the real estate developers' and householders' 
perspective. The aim was to study the reluctance of the 
market to invest in energy efficiency measures. The 
authors concluded that TCs are the main factors hindering 
building energy efficiency market penetration. Another 
research done by Qian et al. (2015)23, assumed the 
individual stakeholders steadfastly guard their interests in 
any investment decisions. The authors investigated the 
extra TCs affecting the willingness of the stakeholders to 
take part in green investment. The findings manifested 
that the choice between developers and end-users over 
investing in green building is a complex game problem, 
where TC could be conceptualized and showed their 
essential role. By minimizing the TCs incurred in the 
complex decision, it will not only beneficial to the 
stakeholders involved but also bring net regenerative 
outcomes to society. 

���� �!��������	
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In a renovation and from householders' perspective, TC 
can be categorized into the following three aspects:  

(a)� Time and effort in finding information/ 
knowledge/ experts/ financial support, etc. The 
householders are usually not educated with 
knowledge of technology, construction measures 
or financial schemes. Therefore, there is a need 
to find a way to the trustworthy source of 
information themselves, or access to the 
experts24–27; 

(b)� Complexity in a renovation process, such as the 
cognitive burden of making complex and 
irreversible decisions, or complexity in 
implementing the renovation7; 
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(c)� Disruption in the ordinary life and likely hassle 
factor during the renovation; and 

(d)� Time and effort in finding a reliable 
information/expert.  

TCs is higher in the presence of imperfect and asymmetric 
information since the householders might pay higher 
prices to access reliable information/ professional28. 
Finally, the barriers related to the TC might lead to a non-
optimal investment of a renovation process. 

�$ ����
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 A renovation consists of different stages including 
considering phase (understanding the needs, information 
searching and pre-evaluating), planning, finalizing the 
decision, executing, and experiencing (post-evaluating)29. 
In considering phase, the critical influencing factors are 
socioeconomic factors, such as age, education, and 
income. In the planning phase, awareness of the benefits 
can persuade homeowners to renovate. Consequently, he 
householders need to investigate different aspects, such as 
different stages that they encounter for a specific type of 
renovation, or necessary permits for a renovation that they 
might need to acquire 11,27,30. Additionally, before making 
a decision, it is essential to have information about the 
energy-saving measures. After decision-making and 
implementing the renovations, the experiences are 
circulated through social networks of the householders. 
This circulation of information also influences the future 
renovation for other householders 31.  Table 1 explains the 
TC in different stages of renovation processes.  
 
Table 1. Transaction costs in different stages of a 
renovation based on the literature review 

Stage a)� Considering b)� Planning 

TC •� Time and effort to 
determine the costs 
and benefits of 
renovation 
•� Time and effort to 
determine the 
available ESMs 
•� Time and effort to 
determine the 
appropriate ESMs 

•� Time and effort to 
get the essential permit 
for renovation 
•� Time and effort to 
find the stages in 
renovation 
•� Time and effort in 
finding people who 
share the experiences 
•� Time and effort for 
planning 

TC 
Element 

•�Asset specificity 
•�Uncertainty 

•�Asset specificity in 
knowledge and skills 
•�Uncertainty in 
planning 

   
Stage c)� Decision d)� Executing 

TC •� Time and effort to 
find reliable 
professional and 
experts 
•� Time and effort to 
find subsidies/ 
benefits 

•�Mess and nuisance 
during the renovation 
•�Uncertainty in doing 
by myself/contractors 

TC 
Element 

Asset specificity in 
physical assets and 
knowledge and skills 

Asset specificity in 
knowledge and skills 

   

 
Stage e)� Experiencing 

 

TC Time and effort in 
finding the next steps in 
the renovation 

 
TC Element Asset specificity in 

knowledge and skills 
 

 �&��!���������
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A survey has been conducted among 3,776 homeowners 
in the Netherlands. The questionnaire contains three 
sections: a) households features and b) buildings features, 
c) the renovation in the exterior, interior, and insulation 
and installation. The homeowners answered if they have 
done/ planned a renovation in the last/next two years. 

 $ �&��!������(����	�	�
The importance of getting help in different stages of 
renovation decisions and the sources of information are 
investigated using the logistic regression. In the analysis, 
the dependent variable is the renovation decision and 
binary. There are some assumptions in conducting logistic 
regressions, including binary dependent variable, not 
having multicollinearity between independent variables 
and large sample size. We have tested all these 
assumptions, and the assumptions have been verified. The 
Variance Inflation Factors (VIF) are conducted to test the 
multicollinearity among independent variables. The VIF 
= 2.5 is the initial point of concern and VIF greater than 
10 shows multicollinearity 32. 
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          (1) 

Where P is the probability of the events, and X represents 
independent variables. After estimation, the model is 
validated by the Omnibus tests of model coefficients and 
the Hosmer and Lemeshow test. The Omnibus test 
demonstrates whether the model predicts the outcome 
with the explanatory variables better than without 33. The 
Omnibus tests are statistically significant, and the models 
are validated. The Hosmer and Lemeshow test indicate 
the goodness of fit. This test should not be significant to 
represent a good model which were not significant in our 
regressions. 
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In this part, the results of the regression analysis are 
presented. The important stages and sources of 
information of renvators and potential renovators are 
explained in the tables of each subsection. Table 2 shows 
the list of TCs factors in the regression analysis. The 
socio-demographic factors are also included in the 
regression analysis.  

Table 2. Critical stages and sources of information 
(independent variables)

Stages Sources of 
information 

(1) Determining if the house 
maintenance is good enough, 
(2) Planning the work, 
(3) Determining the costs, 
(4) Finding funding/ financing, 
(5) Finding a good professional/ 
contractor, 
(6) Carrying out the renovation/ 
improvement, making a more energy-
efficient house, and Performing the 
work (the householders). 

(1) Maintenance/ 
installation 
company 
(2) Family/friends 
(3) Internet  
(4) Construction 
store / DIY 
(5) Municipality 

 

)$�������
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Based on the analysis, the critical stages are similar for the 
renovators and potential renovators. The regression 
analyses are presented in For the potential renovators, the 
significant stages in help acquisition of potential 
renovators are whether they are planning to do the work 
and finding a reliable professional/ contractor. The 
respondents that have indicated asking information from 
family and friends are more likely to do a renovation 
(Table 4). 

 
Table 4. Logistic regression on exterior renovation 
decision in the next 2 years (potential renovators) 

 
 . For the renovators, the significant stages on help 
acquisitions are when the renovators have done the work 
and looked for a reliable professional/ contractor. The 
significant sources of information are at the maintenance/ 
installation companies and via the internet. 

Table 3. Logistic regression on exterior renovation 
decision in the last 2 years (renovators) 

 

For the potential renovators, the significant stages in help 
acquisition of potential renovators are whether they are 
planning to do the work and finding a reliable 
professional/ contractor. The respondents that have 
indicated asking information from family and friends are 
more likely to do a renovation (Table 4). 

 
Table 4. Logistic regression on exterior renovation 
decision in the next 2 years (potential renovators) 
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For the renovators, the significance stage in help 
acquisition is on determining the costs of renovation/ 
improvement. The respondents that indicate a 
construction store/ Do-It-Yourself  (DIY) companies, and 
the internet as a reliable source of information are more 
likely to renovate (Table 5).

Table 5. Logistic regression on the interior renovation in 
the last 2 years (renovators) 
 

For the potential renovator, the significant stages in help 
acquisition are in determining the best way to perform the 

    
 

, 0 (201Web of Conferences https://doi.org/10.1051/e3sconf/20191110309)
201

E3S 111

CLIMA 9

3014 14

4



 

  

renovation, making the renovation more energy efficient, 
and finding a reliable professional/ contractor. The 
significant sources of information are via the internet, 
from family/ friends, and by a construction store/ DIY 
company (Table 6). 

Table 6. Logistic regression on the planned interior 
renovation decision in the next 2 years (potential 
renovators) 

 

)$)������
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For the renovator, the significant stages in help 
acquisition are in making the house more energy-efficient, 
planning the work, and finding funding/ financing 
options. The respondents that indicate a construction 
store / Do-It-Yourself Company and a maintenance/ 
installation company a reliable source of information is 
more likely to renovate (Table 7). 

Table 7. Logistic regression on insulation - installation 
renovation decision in the last 2 years 

 

For the potential renovators, the significant stages in help 
acquisitions are in making the house more energy 
efficient, the best way to carrying out the renovation/ 
improvement, and in finding funding/ financing options. 
The identified sources of information are via the internet, 
maintenance/ installation companies and family and 
friends (Table 8). 

Table 8. Logistic regression on the planned insulation-
installation renovation decision in the next 2 years 

 

+����
��	����
This study contributes to evaluating the transaction cost 
barriers in a renovation process from the householders’ 
perspectives. An empirical analysis of Dutch homeowners 
has been conducted based on the survey among 3,776 
households. Based on the theory, the asset specificity, 
uncertainty, and frequency determine the TC. Transaction 
costs slow down or sometimes prevent the renovation. 
There are different stages in the renovation which have 
different TCs. In the beginning, the asset specificity is 
essential, and in later stages, the uncertainties in the 
renovation process are critical, such as asymmetric 
information between the homeowners and contractors. 
The TC decrease when the homeowners experience the 
renovation. Based on the regression analysis, the 
significance of TC of different types of renovation is 
examined for the homeowners. The main identified 
conclusions are as follow:  

a.� For the renovators, the main identified stages in 
getting help are in carrying out the renovation, 
determining the costs, and looking for the reliable 
professional/ contractor.  The primary identified 
sources of information are at the maintenance/ 
installation companies, family/ friends, and via the 
internet.  

b.� For the potential renovators, the main identified help 
stages are in determining the costs, looking for a 
reliable professional and carrying out the renovation/ 
improvement. The primary identified sources of 
information are via the internet, by maintenance/ 
installation companies, and family/ friends.  

c.� The main difference between different types of 
renovation is for insulation/ installation. The main 
significant stage in getting help for 
insulation/installation is to find out how to make the 
house more energy efficient. For the potential 
renovators, the similar results have been achieved;  the 
only difference was on the order of the influencing 
factors.  
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