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Abstract 
 
Sustainable living has been one of the most important concepts on the political and societal agendas in many 
countries. Following the Paris Agreement in 2015, more and more countries have been pushing toward a 
sustainable built environment in order to reduce CO2 emissions.  

 
Energy transition in the existing dwellings offers opportunities for reducing greenhouse gas emissions on a 
national, European and global scale. In the Netherlands, the social housing sector counting 2.3 million homes, 
accounts for about 31% of the total housing stock (Filippidou et al., 2014). However, in order to carry out the 
renovation measures there, it is required by law for the housing associations to receive consent from 70% of the 
tenants. This gives the tenants room to negotiate with the housing association (Hoppe & Lulofs, 2008) and also 
allows them to express their needs and preferences concerning retrofitting. The tenant participatory models are 
becoming an increasingly important subject of research as they allow to better adjust services towards the needs 
and preferences of tenants and obtain the necessary 70% support (Suszyńska, 2015). In this context, there are two 
challenges. The first is getting a clear understanding of the needs and preferences of the tenants, taking into 
account that these might differ by group. The second is building the right decision support tools in order to have 
an effective participation process in place that allows maximizing support for renovations.   

 
In this project, we constructed a digital decision support tool that can do both: facilitate increased participation of 
tenants while at the same time revealing insights on preferences of social housing tenants with regards to energy 
renovation measures. This project was done for and in collaboration with the largest housing association in 
Eindhoven, Woonbedrijf, owning around 30,000 dwellings. The project took place with financial support from the 
MMIP 3 &4 grant of the Dutch Ministry of Economic Affairs and the Ministry of Interior and within the professional 
doctorate in engineering (PDEng) program of Eindhoven University of Technology. Through this PDeng Project, we 
achieved the following objectives. 
 
First and foremost, our project, demonstrated the use of stated choice experiment methodology to improve the 
early stage customer journey to energy retrofitting for both the housing associations and their tenants.  
 
Secondly, we saw that encouraging tenants to think about different financial situations related to current energy 
scenarios led to better participation in the choice game and indicated an improved preference for opting for 
renovations when compared to not opting to renovate.  
 
Thirdly, based on a socio-groups preference for energy renovation we classified them into renovation averse and 
renovation friendly groups. We saw that tenants who are older adults ( age > 65 ) and satisfied with their dwellings 
are more likely to belong to renovation averse social groups and tenants who are highly educated or suffering with 
drafts in their dwellings or have a high trust in housing association are more likely to belong to  renovation friendly 
social groups.  
 
Next, we use latent class analysis to establish classes or segments of respondents based on their preferences for 
energy efficient renovations. In our research we found two classes, the first was cost focused and the other one 
was feature focused.  
 
Lastly, we developed and implemented the design of a web application that can be used to produce interactive 
estimations of probability of acceptance of an energy renovation package and compare different energy 
renovation packages. This web application can serve as a decision support tool for housing associations to reveal 
insights on preferences of their tenants’ on energy efficient renovations and the probability of acceptance for 
energy efficient renovation packages. 
 
Keywords: Energy Transition, Participation, Social Housing, Consensus, Stated Choice Experiments, Discrete Choice 

Models, Multinomial Logit Model.  
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PART I. MOTIVATION, BACKGROUND AND RESEARCH QUESTIONS 
 

1. Introduction 
 

Climate Change is a serious topic of discussion amongst legislators, politicians, industrialists as well 

social activists. The concern for climate change in Europe  as well as around the world is very serious. In 

fact, in a survey conducted by the European commission in 2021, climate change was considered a “very 

serious problem” by about 79% of the respondents in the Netherlands (Brosch, 2021). The 

Intergovernmental Panel on Climate Change (IPCC) claims that the effects of climate change and global 

warming can already be seen in our environment. Floods, hurricanes, Forest Fires are some very clear 

examples. The detrimental effects of global warming are also causing economic disruption throughout 

Europe and around the world (Easterbrook, 2007). All these developments call for immediate action, in 

terms, of reducing our dependency on conventional sources of energy and a transition towards more 

renewable and sustainable sources. This transition needs to take place across different aspects of 

human civilization, one such aspect is the built environment (contributes to 39% of all energy related 

Co2 Emissions) (Council, 2019). The built environment is an essential contributor to our overall energy 

needs, therefore, any measures taken to reduce emissions by the built environment will go a long way 

in achieving the overall energy transition.  

The United Nations has laid out an international treaty known as the Paris Agreement to combat climate 

change (Agreement, 2015) . This has in turn led the European Union to draft its vision towards a climate 

neutral economy (Savaresi & Perugini, 2019). The main goal of this vision is to achieve a net-zero 

greenhouse gas emission by 2050. There are several phases to the main goal, the first upcoming 

milestone will be eight years from now in the year 2030. The key goals laid out by the European 

Commission for 2030 are as follows (compared to 1990 levels): 

- A Minimum Share of 32% from renewable energy in the overall energy mix 

- An energy efficiency improvement of 32.5%  

- 40% reduction in greenhouse gas emissions 

 

In the Netherlands, the ministry of economic affairs and climate change (MEACC) has developed a more 

detailed and specific plan for the Netherlands, setting an even higher target of 49% reduction with 

regards to greenhouse gas emissions (Pedersen, 2020). Specific to the built environment some of the 

more important and stimulating policies laid out by the MEACC are as follows (Ministry of Economic 

Affairs and Climate, 2019) : 

- Introduction and availability of financing instruments for renovations in the built environment  

- Reduction of VAT from 21% to 6% when applying insulation measures, which results in a lower 

price for the consumer and a shorter payback period of investment.  

- New buildings can no longer apply for a natural gas connection, i.e., new buildings are to be 

delivered as “Bijna Neutrale Gebouwen” (Almost Energy Neutral Buildings).  

 

The national government isn't the only one concerned about the climate and energy transition in the 

Netherlands. Municipalities and various other local bodies are also contributing towards the energy 

transition and achieving the national goals described in the Climate Law (Overheid, 2020).  

Municipalities play a leading role in transforming neighborhoods to “natural gas-free” neighborhoods. 

In order to do this, a diligent, efficient and cost effective process must be in place to determine what 
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the best solution for each neighborhood is. It must also involve an active and wide participation of 

residents living in these neighborhoods. As a result, municipalities in the Netherlands typically use a 

neighborhood-oriented approach, focusing on the socioeconomic and cultural profiles of various 

neighborhoods in order to select a participation model that is tailored to their needs. 

In recent times, rising energy prices have made building renovations more economical than ever before 

leading to an acceleration in the energy transition (Sören Amelang, 2022), this has made it easier to 

gather support on a neighborhood level, however what measures are valued still remains a relevant 

question and building tools that can help facilitate resident’s participation and help decision makers 

understand their preferences can further accelerate the energy transition.  

1.1 Dutch Social Housing Sector 

 

According to a recent survey in the Netherlands, rental residences account for 43 percent of all homes. 

Housing associations own the majority of rental residences (69 percent, or more than two million 

dwellings). As a result, the Netherlands has the largest percentage of social housing in the European 

Union  (Filippidou 2016) . 

Currently, in the Netherlands, a huge effort is being undertaken on part of social housing associations 

to improve the energy efficiencies of existing dwellings in their portfolios. The task is challenging, not in 

the last place because under the Dutch law, in order to carry out renovations of their dwellings, they 

require consent from about 70% of their tenants in a particular dwelling complex.  

While looking at the problem from the tenant’s point of view, tenants often find it difficult to evaluate 

the different trade-offs that come with energy renovations. For example as shown in Figure 1, Energy 

renovation of their dwellings yields energy savings and makes homes more comfortable but often at the 

expense of increased rent and nuisance during implementation. Even facing the sharply rising energy 

prices and being guaranteed that the expected energy bill savings are larger than the rent increase, a 

nonnegligible share of the tenants refuses renovations. 

 

Figure 1: Illustrates the trade off associated with housing renovations for tenants 

Therefore, the housing associations are engaged in tremendous efforts of not just renovating their 

dwellings but also convincing their tenants to support these investments in energy efficient housing. 
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1.2 Participation in the energy transition 
 

The government of the Netherlands states in its National Climate Plan (Ministry of Economic Affairs and 

Climate, 2019) that there is currently insufficient information into citizens' attitudes regarding climate 

change. As a result, the Social and Cultural Planning Agency (SCP) created the 'Sustainable Society' 

research program. This program offers a social-cultural perspective on the current energy transition. 

Under this program, the first report was released in December 2019 and was titled 'We are stronger 

together. Carabain & de Kluizenaar (2019) differentiate between two tasks: making more sustainable 

dwellings (1) and influencing citizen behavior (2). 

People who rent their homes have a much easier task in the energy transition because their landlords 

are responsible for energy renovation. Housing associations are specifically responsible for the 

maintenance and refurbishment of dwellings in the social housing sector. When social housing 

organizations seek to pursue sustainability measures, renters must put out effort in terms of 

cooperation and involvement. 

Housing associations are seen by the government as a suitable party to serve as the energy transition's 

accelerators. Because of scale effects and standardization, housing organizations are able to take 

significant moves (Tambach et al., 2010). Specific support measures for these organizations have been 

defined in the energy plan. For example, they may be eligible for cash assistance or a reduction in 

landlord taxes (Carabain & de Kluizenaar, 2019). 

The support of tenants or residents, on the other hand, is critical to the success of all substantial 

modifications carried out by housing organizations. Residents' approval of the renovation measures, as 

well as the outcomes of these efforts, according to Blomsterberg & Pedersen (2015), is critical for a 

successful restoration process. One of the reasons is that a permanent solution will not be attainable 

without popular acceptance. To ensure that a renovation is both environmentally and socially 

sustainable, more understanding about how renovations are perceived and how they contribute to 

residents' quality of life is required. 

1.3 Insights so far 
 
This project builds upon insights from earlier research of Eindhoven University in collaboration with 
largest housing association of Eindhoven, Woonbedrijf (Khatchatrian, 2021).  The goal was to obtain 
insights on how the participation process is organized at this moment and how it can be improved. The 
main conclusions can be summarized as follows. 

 
- The process of accepting and supporting energy renovations starts with understanding the 

necessity for energy transition and one’s preferences in it. A model of a customer journey is 

functional in analyzing this process (Figure 2).  

 
Figure 2: Model of Customer Journey (Hamilton et al., 2020) 
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- It is important for housing associations to involve tenants early in the customer journey, long 

before the concrete renovation plans for their dwellings are presented especially when choices 

are being made which affect them. This also helps to find out tenants’ needs and preferences 

already in the early stages of the process.  

- For housing providers it is important to know their tenant population. At this moment, many 

housing providers approach all their tenants in the same way. Insight into the differences between 

tenants’ segments could help understand the reasons behind the low participation level of certain 

groups and improve the communication with them. 

- A stated choice experiment methodology in a very early phase in the renovation process helps 

involve the people and study their preferences. 

 

1.4 Research and Design Objectives 
Currently housing associations are searching for more effective processes and tools that can improve 

participation of their tenants as well as reveal preferences on energy efficient renovations.  

Khatchatrian (2021) focused on the process characteristics of the renovation process, with process 

being interpreted as the way towards achieving maximum acceptance among tenants. He concluded 

that a stated choice experiment in the early phase of the renovation process can help improve 

participation and allow housing associations to generate more insights on their tenants. The execution 

of the stated choice experiment was not part of the research and left for further research. 

The goal of our research was to analyze, through the use of a stated choice experiment, the preferences 

of social housing tenants on energy efficient renovations, evaluate the effects of financial priming on 

these preferences, search for preference based segments and finally to build a tool that can interactively 

compare energy renovation packages on tenant preferences and act as a decision support tool for 

housing associations.  

In this thesis, we firstly present a stated choice experiment that can record tenants preferences as well 

as reveal insights and secondly demonstrate how the information or data obtained from these 

experiments can be of used to build a decision support tool for decision makers at housing associations 

to better understand what their tenants really want in terms of energy efficient renovations.  

The following research questions are tackled. 

Question 1. How to develop an online game of choice to increase tenants’ participation in energy transition 
and what insights does it yield? What are the existing tools that one can build upon? 
 
Question 1a. What attributes of an energy renovation package are valued most by tenants? 
 
Question 1b. What socio-groups are averse to energy efficient renovations and which groups are friendly 
towards energy efficient renovations? 
 
Question 1c. How large is taste variation or heterogeneity for attributes in our sample of respondents? 
 
Question 1d. Can stimulating residents to think about different energy scenarios improve adoption for 
energy renovation package? 
 
Question 1e. Can we create segments or classes from our residents based on their preferences for 
attributes of an energy renovation package? 
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Question 2. How can insights from (1) be integrated into a single web based tool for housing associations 
to evaluate their tenant’s preferences for different energy efficient renovations? 
 
 

1.5 Report Structure 
 

The remainder of this report is designed to answer all of the questions discussed in section 1.4, with the 
primary goal to examine the preferences of social housing tenants on energy efficient renovations and 
developing a tool that can help housing association assess these preferences. In chapter 2, we explore 
the literature on tenants participation and stated choice experiments and how it shaped our approach. 
In chapter 3, we describe our methodology and our conceptual model. Chapter 4 & 5 describe the 
experiment design and data sample in depth respectively. Chapter 6 contains the results of the stated 
choice experiment and lastly chapter 7 describes the design and development of a prototype web 
application that can serve as a tool, that can allow decision makers to evaluate different energy efficient 
renovation packages.  
 

2. Literature Review 
 
A literature review on participation in the built environment in general and in social housing particularly is 
done to determine which participatory approaches may be suitable and effective. A special emphasis is 
placed on public participation in sustainability measures and how residents might be persuaded to adopt 
such an energy-efficient renovation in their home. Possible incentives and hurdles for inhabitants to accept 

or deny it are important in this regard. 
 

2.1 Participation of Residents ( Tenants ) 
The interaction between a social housing association and its tenants can be considered in a broader 

perspective of the literature on the interaction between the citizens and the policymakers . 

Different types of participation are distinguished by the scientific council of governmental policy in the 

Netherlands (Wetenschappelijke Raad voor het Regeringsbeleid, 2012), namely policy participation, 

social participation, and social initiatives. The first two are centered on the government taking the lead 

and citizens being given opportunities to participate, such as voting or having a voice. Citizens are in 

charge of the initiatives in the latter. 

Many participation paths focus on immersing individuals in their actual living environment, such as 

collaborating with local communities to re-design streets or play areas. The term "participation" is 

frequently used to describe the process of including residents in policymaking. The term "residents 

involvement" is used when the occasion is not relevant to the average citizen and is specifically tied to 

inhabitants of a spatial unit. In terms of geography, this entails participation at the local or district level 

(Marissing, 2008). 

Participation can take various forms and levels from a scientific standpoint. There are eight degrees of 

participation in total, which are arranged in a ladder pattern known as "Participation Ladder" in the 

literature (Arnstein, 1969). The different gradations represent the level of citizens' influence, hence this 

ladder is employed as a form of measure scale in practice. Professionals decide to what extent citizens 

are involved, hence participation has a strong top-down nature. 

The Participation Ladder evaluates the extent to which citizens can influence plans or policies, as well 

as their options for doing so. Non-participation, degrees of tokenism, and degrees of citizen power are 

the three categories on ladder of participation (Arnstein, 1969) . This is illustrated in Figure 3.  
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Figure 3: Participation Ladder ( Arnstein, 1969) 

In the context of social housing associations, tenants often consider participation as their basic duty. 

This is because any decision taken by their housing association affect them directly and can have a 

lasting effect on the homes, their lifestyle and financial situations.  

In the context of the Dutch social housing sector, the residents could be considered to be on the 

placation step of the participation as they are allowed to advise on renovation projects but the right to 

exercise or execute is still with the housing associations.  

There is currently a vast amount of literature, that describes various processes and techniques that can 

be used in order to improve and stimulate participation or social interactions in complex decision 

making projects. An extensive review of this literature is outside the scope of this thesis. An example is 

Carrascosa (2018). He evaluated a consensus achieving mechanism for discrete alternatives, which is a 

very good approach to combine residents preferences and measure preferences. However, due to the 

fact that it is based on a consensus achieving mechanism, it takes many rounds or iterations before 

consensus can be reached. Also, it does not reveal more insights on how alternative features are valued. 

Conducting a social network analysis and educating and empowering socially integrated residents is 

another interesting example. Cavalcanti (2013) demonstrated the use of this method in a study 

conducted in Brazil. This method, even though an efficient way of improving participation lacks the data 

driven tools that can generate insights or measure preferences.  

Our adopted methodology for the project is based on stated choice experiments, they are widely used 

in the field of marketing, healthcare, transportation planning to understand the preferences on novel 

products or technologies and provide a good balance of increasing participation (due to their game like 

nature) and revealing insights based on data. In the next section we describe the stated choice 

methodology in detail.  
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2.2 Stated Choice Experiment 
The stated choice methodology is a widely used method to get insight into how consumers make choices 

when investing in complex goods. Due to their game like nature, they can easily be used to generate 

more interest on a topic and hence facilitate participation while at the same time revealing preferences. 

 

Complex goods are those that consist of many attributes, such as cars or houses. Take an example of a 

home. When choosing a house to buy, many attributes are important, such as: price, location, size, 

garden, parking space, schools in the neighborhood, etc. The stated choice methodology allows to 

analyze which of these are most important for specific consumers and which attributes consumers are 

willing to trade-off against each other.  

 

One of the earliest research that used the stated choice methodology to study the preferences of people 

with regards to energy retrofitting of their houses/buildings was conducted by Sadler (2003). She 

conducted two stated choice experiments with more than 600 home owners of single family detached 

houses across Canada. The first experiment concerned home renovations while the second experiment 

was based on heating systems as the research subject. The results showed that people preferred energy 

efficient renovations compared to those without energy retrofits. Also, highly efficient heating systems 

(e.g. high efficiency gas furnaces and heat pumps) were the more preferred choice in the heating 

systems choice experiment. In another study conducted in Switzerland, Banfi (2008) used a choice 

experiment to evaluate consumers’ willingness to pay for energy saving measures in residential 

buildings. Some of these measures included façade and windows insulation as well as ventilation 

systems. The choice experiment was conducted amongst 163 apartment tenants and 142 house owners 

that had recently moved in. The participants could choose between their actual situation and a 

hypothetical alternative which differed in the energy efficiency levels of façade and windows, ventilation 

systems and the price. The results suggested that benefits of energy saving attributes were significantly 

valued by participants. Another application in a similar context, was in a study by Kwak et al (2010) who 

in a choice experiment with 509 participants revealed the consumer’s willingness to pay for air 

conditioning and heating energy saving measures in Korea’s residential buildings. They evaluated the 

trade-offs between price and three attributes for energy saving measures (façade insulation, window 

insulation and ventilation). They found that people were interested and prepared to pay for energy 

saving measures of residential buildings.  

 

Yet another choice experiment by Achtnicht & Madlener (2014) in Germany with 400 house owners 

found that environmental benefits do have a significant impact on the choices of heating systems. 

However, when it came to insulation choices, environmental benefits did not play a major role.  

 

Further, our work also derives inspiration from the literature of environment and behavior. Steg  et al. 

(2014) provides an effective framework for encouraging pro-environmental behavior. According to Steg, 

decisions relating to the environment are shaped by three goals or motives, first, hedonic goals or 

comfort driven motives, secondly, gain goals or financial motives and lastly normative goals or 

environment driven motives. In order to encourage pro-environmental behavior the objective is to 

maximize hedonic and gain goals while at the same time minimize disadvantages associated with 

normative goals. An example of this is by subsidizing pro-environmental products while at the same 

time imposing taxes on environmentally harmful products to make them less appealing in terms of 

financial motives. Such strategies if implemented at national level can greatly accelerate the transition 

to sustainable energy in the built environment. In line with this framework, different nations in Europe 

have adopted measures to incentivize pro-environmental behavior and to reduce barriers to energy 
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renovations, e.g. Amstalden (2007) in Switzerland, Moula (2013) in Finland and Galvin (2010) in 

Germany and the Netherlands.  

 

Ossokina et al. (2021) adopted Steg et al.’s framework to experiment with the idea of using priming 

using information as a tool to motivate social housing tenants to adopt to energy renovation measures, 

this in the framework of a stated choice experiment. They found that providing comfort based 

information (appealing to the hedonic motive) increases adoption while providing information about 

the financial savings through retrofitting (appealing to the gain motive) decreased support and hence 

from their research it becomes clear that providing information and the motive to which the information 

appeals to, plays a key role in increasing support for energy renovations. 

Tools developed on the stated choice methodology in literature 
 

Although, the stated choice methodology is widely reported in research to understand or generate 
insights, their deployment or development in the form of an online interactive tool is limited. In the 
research of Ossokina et al. (2020), insights from the stated choice research on best living concepts on 
elderly homeowners are transformed into an architectural toolbox/tool for senior friendly housing that 
can be used by decision makers to come up with customized architectural designs while making use of 
standard architectural elements.  
 
Ossokina et al. (2021) uses the insights from a stated choice experiment to compute the expected 
tenants’ support for different energy renovation packages suggested by the Association of Social 
housing organizations Aedes. They show that the required threshold of 70% tenants agreeing with 
energy retrofitting can be reached for the renovation packages used in the Dutch practice, although not 
in all cases. Provision of additional information to tenants can increase the share of supporters, but also 
decrease it, depending on the type of information offered. 
 
More recently, Kaltenegger (2021) demonstrated a conceptual design for a web-based framework to 
assess refurbishing insulation materials by considering engineering evaluation methods and consumer 
preferences. The tool was motivated by building information modelling and behavioral economic 
research. The functionality in the tool, where the user can calculate the probability of a homeowner 
accepting or rejecting a certain insulation material package was based on insights obtained from a stated 
choice experiment amongst 500 Dutch homeowners.  
 
In our case, a stated choice experiment will be used to understand which attributes of energy efficient 
renovation measures are most important for the tenants and further to  develop a user friendly web based 
application that can help social housing associations compose renovation packages and policies that fit 
the needs of the tenants best and thus can count on largest support from tenants.  
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PART II. ONLINE GAME-OF-CHOICE TO STIMULATE TENANTS’ 
PARTICIPATION IN ENERGY TRANSITION 
 

3. Method 
 

In this chapter we describe the method we adopted to ensure the proper execution of our project 
and fulfilment of our research goals. First a conceptual model is described to illustrate what 
factors were accounted for while measuring tenants’ preferences on energy efficient renovations 
followed by a detail description of all the variables accounted for in this study,  a brief description 
of the online survey and the necessary discrete choice models to measure preferences and lastly 
the idea behind the development of the final product of this PDeng (our tool/ web application). 
 

3.1 Conceptual Model 
 

 
Figure 4: Conceptual Model to measure choice behavior on housing energy renovations 

 

In order to research the preferences of social housing tenants on energy efficient renovations, a 
conceptual model was constructed (Figure 4). The conceptual model allows us to design the choice 
experiment in a way that makes it possible to answer all our research questions. The foundation of the 
conceptual model is the Theory of Planned Behavior (Ajzen, 1991), it is a framework that is often used 
to predict actual behavior of individuals, for example, choice behavior on energy efficient renovations. 
The framework describes attitude against certain behavior, the perceived control and the applicable 
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norms as predictors for the intention of an individual to perform certain behavior. This study ignores 
the concept of perceived control. 6  
 
Further, social factors such as attitudes and norms are assumed to shape choices. The survey asks 
respondents about their relationship with the housing association and their feelings towards the 
environment. Norms for sustainable energy measures are established based on the present level of 
sustainability and complaints of the dwellings in which people reside. The survey asks about this as well. 
 
In our experiment, the preferences are assumed to be formed by social characteristics such as individual 
characteristics (age, sex, employment, income etc.), attitudes (trust towards housing association and 
care about the environment) and dwelling characteristics (housing complaints). The preferences are 
then estimated in a choice experiment where respondents have to make a choice from a set of 
alternative energy renovation packages. The packages vary on attributes and hence, the attributes of 
the package also play a key role in explaining the choice behavior. Lastly, building on the work of 
Ossokina et al. (2021) our experiment also examines the effect of priming treatment on the choice 
behavior of social housing tenants within the context of energy efficient renovations. This is to evaluate 
if financial priming can be used as a tool to improve adoption with regards to energy efficient 
renovations.  
 

3.2 Online Survey & Stated Choice Experiment 
As described in section 3.1, we make use of existing literature to construct a conceptual model in order 
to achieve our research objectives and answer the research questions. The model is the foundation for 
an online survey. A stated choice experiment is included in the survey. 
 
 

How does a stated choice experiment work? 

 
As humans we are constantly making choices: what are we eating for lunch? do I go to work by car or 
train? Should I buy a more expensive house or a cheaper one in the suburbs? in this they are guided by 
their preferences. By studying the choices made, researchers can learn what values people attach to 
different properties (attributes) of the products or alternatives between which they choose. 
 
Experiments can be set up to collect more targeted data about the choices. In a choice experiment, 
participants are presented with hypothetical choice situations and they indicate which alternative they 
would choose if the choice situation were to occur in reality. The attributes of the choice alternatives 
are systematically varied by the researchers. 
 
A well-known experiment is the following: respondents have to choose several times from two travel 
variants that differ in money and travel time. Such as: You go from A to B. What do you prefer: A 20 
minute tram ride for 3 euro or 5 minutes ride share for 8 euro). By presenting participants with many 
such choices and varying the attributes (travel time and toll), the monetary value of the travel time can 
be derived. In other words: how much money is there to reduce the travel time by 1 minute. 
 
In the experiment of this thesis, respondents were presented with various energy efficient renovation 
packages as a choice and the value of the properties of these packages was derived from the collected 
data. The results will be presented in chapter 6. 
 

                                                
6 The proportional ability of a particular tenant to control the outcome is too complicated to measure: each setting 
is different in terms of tenants composition, participation and the dynamics of the neighborhood.  
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The preferences are estimated in a stated choice experiment where respondents have to make a choice 
from a set of alternative energy renovation packages. The packages vary on attributes and hence, the 
attributes of the package also play a key role in explaining the choice behavior. 
 
Since this project was in collaboration with the housing association Woonbedrijf, only the tenants of 
Woonbedrijf participated.  
 
The experiment was administered through an online tool and consisted of several parts. The first part 
consists of general questions about their energy use and dwelling complaints, the second part depends 
on which group the respondent is allotted to, if the respondent is allotted to the treatment group, they 
receive questions  related to different scenarios related to the energy situation of their dwellings, 
following which they are led to the stated choice experiment, if allotted to the control group they are 
led to the stated choice experiment directly and then they are asked the questions on the energy 
situation of their dwellings. In the third part, respondents are asked questions on their individual 
characteristics and attitudes towards their housing association and the environment, these are 
measured using Likert scales.  
 

3.3 Characteristics of Respondents 
In order to capture Respondents characteristics we define certain variables, their definitions are given 
in the following sections.   
 

3.3.1 Socio Demographic Variables 
These variables captured information relating to the social characteristics of the tenant’s, information 
from socio-demographic variables can help us better understand the effects of socio-demographic 
variables on choice behavior in the context of energy efficient renovations. The distribution of these 
variables is attached in appendix B . 
 

Age and Gender 
Age and Gender are fairly simple variables yet they could reveal a lot of insights into differences in 
preferences of social housing tenants. For example one can study the differences in preference of old 
and young tenants or study the differences in preference of male and female tenants.  
 

Education Levels, Income Levels and Employment Status 
These variables can reveal a lot about the current financial situation of the tenants and can allow us to 
study the difference in preference across different education levels, income levels and employment 
statuses of respondents.  
 

House Type of Respondents and Satisfaction Scores 
These variables can reveal a lot about the living situation and satisfaction with dwelling. It can allow one 
to study, e.g. if people with children tend to have a higher preference for solar panels when compared 
to people living without children.  
 

Current Energy Bill of Respondents 
This variable allows us to study the effect of current energy bill on respondents and to see if people who 
currently experience a high energy bill have favorable or unfavorable preferences of energy renovations.  
 

3.3.2 Housing Complaint Variables 
These variables allow us to look for the most common complaints that can potentially be tackled with 
energy renovations. Information from housing complaints allows us to see the effects of these 
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complaints on the energy renovation preferences of tenants. All of the housing complaint variables are 
measured using a 5 point Likert scale ranging from the label “Never” to “Always” as shown in the table 
below.   
 

Table 1 Likert Scale to measure extent of housing complaints (left to right) 

Likert Scale for housing complaints 

Never Seldom On a regular basis Often  Always 

 
 
The distribution of responses for each housing complaint is shown in appendix B. The categories of 
complaints considered are explained below. 
 

House Feels too Hot in the summers 
Tenants who live in a poorly insulated dwelling often experience that their house is too hot in the 
summers.  In the questionnaire, we ask the respondents, “Do you find it too hot in your home in the 
summer ?”, to which they can respond using the Likert scale described above.  
 

Shortness of Breath in House 
Tenants who live in a poorly ventilated dwelling often experience shortness of breath in their house.  In 
the questionnaire, we ask the respondents, “Do you experience shortness of breath in your home?”, to 
which they can respond using the Likert scale described above.  
 

Drafts in House 
Tenants who live in a poorly insulated dwelling often experience drafts in their house. In the 
questionnaire, we ask the respondents, “Do you suffer from drafts in your home (e.g. in the attic or from 
the windows)?”, to which they can respond using the Likert scale described in section 3.3.2.  
 

Molds and Damps in House 
Tenants who live in a poorly ventilated dwelling often suffer with molds and damps in their dwellings.  
In the questionnaire, we ask the respondents, “Do you suffer from mold and damp spots in your 
home?”, to which they can respond using the Likert scale described in section 3.3.2.  
 

Unpleasant Smells in House 
Tenants who live in a poorly ventilated dwelling often suffer with unpleasant smells in their dwellings.  
In the questionnaire, we ask the respondents, “Do you suffer from unpleasant smells in your home?”, 
to which they can respond using the Likert scale described in section 3.3.2.  
 

3.3.3 Attitude: Trust in Housing association and concerns about the environment 
From literature, we know that the trust a tenant has in a the social housing association plays a major 
role in their tendency to cooperate with energy renovations (Ossokina et al., 2021). To get a better 
understanding of the participating tenant’s trust on the housing association they were asked to respond 
to two statements about trust. These statements were about how well they think that their housing 
association complies with agreements and would they recommend their housing association to friends 
and family.  
 
Gadenne et al. (2011) found that environmental attitudes had a strong association with energy savings 
behavior and it was even more relevant in the context of social housing tenants to understand if they 
are aware of the environmental concerns and how would they prioritize environmental concerns. 
Therefore, in order to capture environmental attitudes we ask the respondents to respond to two 
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statements related to the environment, the first to see if they are actually aware of the environmental 
concerns and the second to see how much they are concerned about the environment. These 
statements on trust and environment are presented in Table 2 below.   
 

Table 2: Statements to evaluate trust and environmental attitude 

Trust. Give a score from 1(totally disagree) to 5(totally agree)  

My housing association complies well with the agreements 

I would recommend my housing association to my family and friends 
  

Environmental Preferences, give a score from 1(totally disagree) to 5(totally agree) 

I am environmentally aware, for example, I separate waste and use less plastics 

I think combating global warming is more important than improving the economy 

 
 

3.4 Discrete Choice Modelling 
In our research, we make extensive use of discrete choice models to analyze the preferences of social 
housing tenants on energy efficient renovations. These models are commonly used to explain, describe 
and predict choices between two or more discrete alternatives, e.g. in problems of travel mode choice 
(Ben-Akiva & Bierlaire, 1999).  
 
Discrete Choice Models statistically determine a relationship between the choice made by each 
respondent and the attributes of the alternatives that were available and to the characteristics of the 
respondents. For example, the choice of which public transport a person would choose is statistically 
related to his income, distance to destination, frequency of the public transport, time and costs. The 
model essentially estimates the probability that a respondent chooses a particular alternative and it also 
allows to forecast how respondents’ choices will change under changes in socio demographics and/or 
changes in attributes of the alternatives.  
 

3.4.1 Random Utility Theory 
 

The random utility theory describes the basic principles behind the discrete choice models. Under this 
theory, we assume that the all the respondents/decision makers have different choice alternatives and 
each choice alternative j yields a random utility �̃�𝑗  for that particular respondent m.  

 
�̃�𝑗𝑚 =  𝑣𝑗 + 𝜖�̃�𝑚  

 (Equation 1) 

 
We assume that this utility can be broken into two parts.  
 
The first, is given by the term 𝑣𝑗, and denotes utility that we can measure as a function of alternative 

characteristics (𝑣𝑗 = 𝛽𝑗𝑋𝑗 , where 𝑋𝑗 is a vector that describes the attributes of an alternative j, and 𝛽𝑗 

is the vector of coefficient and its value and significance level of it’s elements can be estimated from 
choice data ).   
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The second part is given by the random error term, 𝜖�̃�  which refers to the part in the utility that we 

cannot measure and we assume that it this variable has some variance and a mean of zero.  
 
Building on this concept, we assume that the respondent will choose a certain package j over another 
package k if �̃�𝑗𝑚 >  �̃�𝑘𝑚. Now Since utility is a random variable we can only compute the probability 

that �̃�𝑗 >  �̃�𝑘, i.e. 𝑃𝑗 = Pr (�̃�𝑗 >  �̃�𝑘 ∀𝑘). The actual probability equation for selecting alternative j over 

k depends on the assumption for distribution of error term. For logit models, a Gumbel distribution is 
assumed and this probability is given by the following equation. 
 

𝑃𝑗 =  
𝑒𝑣𝑗

∑ 𝑒𝑣𝑘
𝐽
𝑘=1

 

  
(Equation 2) 

It is also important to note here that, Utility is always computed in relative terms and not absolute terms 
and it is also a unit-less variable. 
 

3.4.2 Base Model 
In our research, we first, make use of the standard multinomial logit model as described in Hensher et 
al. (2005) . We assume that the tenants of the social housing association can choose from a set of energy 
efficient renovation packages, while also having the ability to opt for not renovating their homes.  
 
Taking these choice situation into consideration, let k = 0, be the choice of not renovating and k = 1 be 
the choice of choosing a renovation package. Assuming that there are j 𝜖 J possible renovation packages 
a respondent can choose from. The utility yielded by each alternative is given by the following equation.  
 

𝑈𝑘=0,𝑚 = 𝑉𝑘=0 + 𝜖𝑘=0 =  𝛼 + 𝜖𝑘=0,𝑚 

 

𝑈𝑘=1,𝑗,𝑚 = 𝑉𝑘=1,𝑗 + 𝜖𝑘=1,𝑗,𝑚 =  ∑ (𝛽𝑖𝑋𝑗𝑖)
𝑖

+ 𝜖𝑘=1,𝑗,𝑚 

(Equation 3) 

 
In the above equation, U is the utility a respondent derives from an alternative, it has two components, 
an observed component and an unobserved component. In case a respondent chooses to renovate, the 
observed part ∑ (𝛽𝑖𝑋𝑗𝑖)𝑖  is calculated based on the sum of the parameters weights 𝛽𝑖  multiplied by the 

value of the attributes 𝑋𝑗𝑖  for that energy renovation package. In case the respondent chooses to not 

renovate, the utility is given by 𝛼, which is the observed utility of choosing to not renovate. 𝛽𝑖  & 𝛼 will 
be estimated using a maximum likelihood function. The unobserved component of the utility is given by 
the error term 𝜖 and this term is assumed to have a standard Gumbel distribution.  
 
The probability that a respondent chooses not to renovate is given by Equation 4. 

𝑃𝑘=0 =  
𝑒𝛼

𝑒𝛼 + ∑ 𝑒𝑣𝑘=1,𝑗′
𝑗′

 

(Equation 4) 

The probability that a respondent chooses an energy renovation package j from a set of J alternative 
packages is given as the following equation:  

𝑃𝑘=1,𝑗 =  
𝑒𝑣𝑘=1,𝑗

𝑒𝛼 + ∑ 𝑒𝑣𝑘=1,𝑗′
𝑗′
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(Equation 5) 

 

3.4.3 Extended Model 
In order for our base model to account for respondent characteristics (socio-demographic 
characteristics, dwelling complaints and tenant attitudes), we add additional interaction terms between 
the intercept (alternative to not renovate) and socio-demographic characteristics of the respondents 
(attitudes, individual characteristics, dwelling complaints)  to our base model.  
 
This is intended, so as to allow us to see if there are specific socio-groups that have a higher than average 
or lower than average preference for not choosing to renovate. Assuming the number of respondent 
characteristics under consideration to be n, the additional effect for not renovating from respondent 
characteristics is given by the coefficient 𝜃, for an individual with respondent characteristics 𝑌. 
 

𝑈𝑘=0,𝑚 = 𝑉𝑘=0 + 𝜖𝑘=0,𝑚 =  𝛼 + ∑ (𝜃𝑛𝑌𝑛)
𝑛

 +  𝜖𝑘=0,𝑚  

 

𝑈𝑘=1,𝑗,𝑚 = 𝑉𝑘=1,𝑗 + 𝜖𝑘=1,𝑗,𝑚 =  ∑ (𝛽𝑖𝑋𝑗𝑖)
𝑖

+ 𝜖𝑘=1,𝑗,𝑚 

 
 

(Equation 6) 

3.4.4 Mixed Logit Model 
Although both our models are suitable to capture the preferences of social housing tenants on energy 
renovations, they do not account for taste heterogeneity that may be present amongst respondents. 
The random-parameters Mixed Logit model can deal with this drawback of a multinomial logit model. 
In order to measure individual taste variation, random parameters can be added to the attribute level 
parameters. The estimated random parameters can be found through simulation using Halton 
sequences.  
 
The Mixed Logit Model is in actuality an advanced version of the base model. For each part-worth utility, 
a random parameter is estimated in order to understand the taste variation. For detailed mathematical 
formulations behind the mixed logit model, please refer to Hensher et al., (2015). 
 

3.4.5 Latent Class Analysis 
 

Further it is also possible to search for clusters of respondents with similar patterns of model coefficients 
which would imply similar preferences. Latent class models can be used to look for such classes or 
clusters. In case a cluster of respondents have similar preferences, it is possible that these respondents 
have similar characteristics as well, this can provide additional insights for our research.   
 
In our latent class analysis we do not include the alternative constant of not renovating in our model 
estimation, as here our research question demands preference based segmentation of energy 
renovation attributes only and not segmentation based on choosing or not choosing an energy 
renovation package.  
 
Heterogeneity is accounted for in a different way compared to the mixed logit model, here the model 
assumes each respondent is a member of a class c and each class has its own unique set of 𝛽 coefficients.  
 
The utility for an individual i choosing attribute j among the alternatives is given by equation 7.  



23 

 

 
𝛽 parameters vary across discrete classes c 
 

𝑈𝑗𝑚 = (∑ ∑ (𝛽𝑐𝑖𝑋𝑗𝑖)
𝑖

𝑐

) + 𝜖𝑗𝑚 

(Equation 7) 

 
For each class c, the average weights are estimated similar to base model, this is shown in equation 5. 
 

3.4.6 Treatment Model  
 

In this model we assume that the coefficients of attributes 𝛽𝑖  and the coefficient associated with not 
renovating 𝛼 can vary depending on whether the respondent was subject to treatment or not. The effect 
from treatment is shown by the variable 𝜇 and T denotes the binary variable to indicate if the 
respondent was treated or not. The model equation is show in Equation 9 below. 
 

𝑈𝑘=0,𝑚 = 𝑉𝑘=0 + 𝜖𝑘=0,𝑚 = (𝛼 + 𝜇𝑇) + 𝜖𝑘=0,𝑚  

 

𝑈𝑘=1,𝑗,𝑚 = 𝑉𝑘=1,𝑗 + 𝜖𝑘=1,𝑗,𝑚 =  ∑ ((𝛽𝑖 + 𝜇𝑖𝑇) ∗ 𝑋𝑗𝑖)
𝑖

+  𝜖𝑘=1,𝑗,𝑚 

(Equation 8) 

3.5 Prototype Web Application 
 
In order to allow for easier communications of insights and predictions obtained from the above models, 
a prototype tool is built in the form of a web application. This can serve as an important tool for decision 
makers at housing associations to better understand the needs and preferences of their tenants on 
energy efficient renovations and predict acceptance probabilities for a package under consideration 
without having to learn about the science behind discrete choice modelling and performing the 
calculations manually.  
 
In this project, the tool (web application) is demonstrated as a prototype and can only be used in 
conjunction with the stated choice experiment shared (Lime Survey Link) for this study. However, it can 
be modified in the future and housing associations can conduct their own stated choice experiment and 
use that data as input for the tool.  
 
The design of the tool would still remain relevant. However, necessary changes in code (largely in 
variable names or number of attributes used in the experiment) will need to be accounted for in order 
to adapt for updated data.  
 
The detailed design is described in Chapter 7.  
 

4.  Experimental Design 
 
In this chapter we describe our experimental design and the motivation behind our experimental design. 
We describe the information on energy renovation measures gathered from 15 different energy renovation 
projects which were recently renovated by Woonbedrijf and how we express them as user experiences 
based on our market study. We then explain the idea behind using user experiences as attributes in our 
stated choice experiment and explain the attributes and levels as well as how we performed treatment 
related to financial priming. 
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4.1 Brochure Study of Recent Energy efficient Renovations 
We use a stated preference (SP) method to study preferences. The other popular method is the revealed 
preference (RP) wherein the data is collected from a credible source of actual past choices made by 
people or customers.  
 
Designing of a stated choice experiment starts with selection of the most relevant attributes and 
attribute levels to be incorporated. Each unique combination of these attribute levels is termed as a 
profile which creates hypothetical alternatives the respondents can choose from.  
 
In this  Sub-Section we report results of the research into which attributes of energy efficient 
renovations may be important for the tenants. To come up with these attributes we first studied 
information brochures from 15 different energy renovation projects performed by Woonbedrijf (see 
Appendix E for the overview of these projects), and later made use of the interviews with tenants 
(Khatchatrian, 2021). Table 3 gives an overview of these measures. 
 

Table 3: Overview of Measures 

Energy Renovation Measure  User Experiences/Benefits 

Solar PV panels - Improved energy efficiency 

- Reduced energy bills 

- Reduced C02 emissions 

Thermal Insulation  

- Reduced energy bills 

- Reduced Co2 emissions 

- Better indoor temperatures 

- Warmer Floors7 

- Improved comfort as house remains cooler 

in summer and warmer in winter8 

- No draught in the attic9 

- No more cold feet 

Façade 

Floor 

Roof 

 
 

One of the elements that makes our study unique compared to similar studies that applied discrete 
choice models to understand preferences on housing renovations is that we make use of derived utility 
i.e. we derive the utility for a technical measure from the utility a tenant associates with the user 
experience or the comfort benefit yielded by the technical measure. For example, we derived the utility 
for floor insulation based on how much utility respondents attach to the comfort benefit of floor 
insulation which is the comfort of having a warmer floor which results in fewer cold feet. 

 

                                                
7 https://www.edfenergy.com/heating/advice/complete-guide-floor-insulation 

8 https://ewipro.com/2020/06/26/benefits-of-ewi-with-ewi-pro/ 

9 https://energysavingtrust.org.uk/advice/roof-and-loft-insulation/ 
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We apply this technique because it was evident from interviews in the past that energy efficient 
renovations was a fairly complex topic for tenants of social housing associations in the Netherlands and 
making a choice between comfort experiences was much more easier to comprehend Khatchatrian 
(2021).   

 
For the tenants not the technical characteristics but the associated user experiences are relevant. We 
consider experiences along the following lines/topics, these topics are derived from literature Steg et 
al. (2014). 

- Financial : How much energy savings can the tenants expect.  

- Comfort : What comfort benefits can the tenants expect from the renovation measures. 

- Environmental : How does renovation contribute to the environment and climate goals? 

- Nuisance at installation 

 

4.2 Attributes and levels for the experiment 
 
In this Section we use Table 3 to define the attributes and levels for the experiment. Table 4 reports the 
result.  
 
Based on the user experiences measures described in table 3, we came up with the following attribute 
table design (Table 4) , we divide the attributes into three sub topics, relating to financial, comfort and 
environmental performance of the energy efficient package, inline with the framework described in Steg 
et al. (2014).  

Table 4: User Experience Linked - Attribute Design Table 

Attribute Level 0 Level 1 

Financial   

Net Monthly Energy Savings?10 10 Euro 20 Euro 

How will my monthly rent 
change? 

20 Euro Higher 30 Euro Higher 

When will I get the savings? Immediately: monthly energy 
payment reduced 

After 6 months: the overpaid 
will be compensated 

Comfort  

Façade Insulation :  
House is warmer in the winters 
and cooler in the summers 

No Yes 

Roof Insulation : 
Drafts disappear 

No Yes 

Floor Insulation :  
Floor downstairs become 
warmer 

No Yes 

Nuisance : 
Renovation works within my 
house? 

No, Only Outdoors Yes, for 3 days 
 

Environment 

Solar Panels:  
Green energy from solar 
panels? 

No  Yes 

 

                                                
10 These equal the savings on the energy bill minus the monthly rent increase. They are always positive.  
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Net Energy Savings 
In order to capture monthly energy savings, in the actual experiment we used the attribute, energy bill 
reduction (gross). This attribute was dependent on the attribute of rent increase. When rent increase 
was at level 0, i.e., 20 Euros, the energy bill reduction attribute varied from 30 euros at level 0 and 40 
euros at level 1. Similarly when the rent increase attribute was at level 1, i.e. 30 euros rent increase, the 
energy bill reduction attribute varied from 40 euros at level 0 and 50 euros at level 1. 
 
In our analysis, we translate these gross energy bill reduction into net energy savings using the following 
equation,  
 

𝑁𝑒𝑡 𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑏𝑖𝑙𝑙 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 − 𝑅𝑒𝑛𝑡 𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 
 
Since the monthly energy savings equates to the difference in the energy bill reduction and the rent 
increase, the attribute levels for the monthly net energy savings were 10 Euros and 20 Euros at level 0 
and level 1 respectively.    
 

Rent Increase 
In order to compensate for the upfront investment costs related to energy renovations, housing 
associations are compelled to charge an increase in rent from their tenants. From the brochures we 
looked at we see that the rent increase vary widely from 8 Euros to 40 Euros depending on the features 
offered in the energy renovation package. In the stated choice experiment we define rent increase equal 
to 20 Euros at Level 0 and 30 Euros at Level 1.  
 

Delay Compensation 
Often it is observed that the benefits of renovations are not obtained immediately but are compensated 
by the energy provider at a later date11. In the choice experiment we try and examine the effect, this 
financial parameter could have on the choice of selecting an energy renovation package. We define 
level 0 for the delay in compensation as “Immediately” and level 1 for the delay in compensation as “6 
months later”.  
 

Façade Insulation 
In the stated choice experiment we frame the façade insulation attribute in terms of the user experience 
of having a “warmer house in the summer and cooler house in the winters” with level 0 as a “No” and 
level 1 as “Yes”. The utility attached to the user experience at level 1 is considered to be the utility for 
the technical measure of façade insulation. 
 

Roof Insulation 
In the stated choice experiment we frame the Roof Insulation attribute in terms of the user experience 
of “Drafts Disappear” with level 0 as a “No” and level 1 as “Yes”. The utility attached to the user 
experience at level 1 is considered to be the utility for the technical measure of Roof Insulation. 
 

Floor Insulation 
In the stated choice experiment we frame the Floor Insulation attribute in terms of the user experience 
of “Floor downstairs become warmer” with level 0 as a “No” and level 1 as “Yes”. The utility attached to 
the user experience at level 1 is considered to be the utility for the technical measure of Floor Insulation. 
 

Nuisance 
In order to carry out energy renovations there has to be some form of construction work performed. 
Almost all measures that are listed above have to be applied by construction workers. It is a common 

                                                
11 https://www.which.co.uk/news/2020/08/energy-switching-problems-are-you-entitled-to-compensation/ 
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observation that construction work always creates some level of nuisance for residents and affects the 
day to day routine of residents. Van Diggelen (2009) found that the type of nuisance and duration of 
construction work play a role in influencing the choice for applying for sustainable energy measures. In 
the stated choice experiment we define the nuisance attribute in the form of a question, “Renovation 
works within my house?” and the attribute levels as “No, Only Outside the House” at level 0 and “Yes, 
for 3 days” at level 1.  
 

Solar Panels 
Solar Panels are a popular energy renovation measure which contribute to reduced energy consumption 
from conventional sources by producing their own energy, thus a part of the energy consumed by the 
household comes from solar panels. In our choice experiment we frame the solar panel attribute as 
“Green energy from solar panels?”  with Level 0 at “No” and Level 1 at “Yes”.   
 

4.3 Financial Priming Treatment 
Building on the framework described in Steg et al. (2014), that describes the three types of motivation 
that govern decisions to engage in pro-environmental behavior as hedonic, gain and normative 
motivations, we explore the idea of priming the gain motives behind energy renovations. Ossokina et 
al. (2021) has shown that bluntly providing additional financial information provision makes 
respondents more critical.  
 
In our research we combine insights from the literature of energy economics (Ossokina et al., 2021) and 
consumer research (Janiszewski & Wyer Jr, 2014; Yi, 1990) to explore how priming can affect the choices 
of social housing tenants on housing energy renovation measures.  
 
In our stated choice experiment, the treatment group receives a set of questions that stimulate (prime) 
the respondents to think about different energy scenarios and how they would change their heating 
behavior in response to these scenarios as well as how they would allocate a monetary resource of 100 
Euros/Year in response to these scenarios. These allocations are in terms of common lifestyle costs 
(shown in Figure 5 & 6) an average person would face living in modern Dutch society, for example, eating 
and drinking, heating, clothes, travel etc.  

 

Energy Efficient Improvement Scenario  
 

Under this scenario’s the respondents are asked to assume that their dwellings has recently undergone 
an energy efficient improvement. They are then asked about how differently they would heat their 
dwellings. Following which they are asked to allocate a monetary savings towards common lifestyle cost 
items. A screenshot of the actual experiment page is presented in the Figure 5 below.  
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Figure 5: Scenario when respondent is saving 100 Euro/Year through energy efficient renovations 

Energy Price Increase Scenario  
Under this scenario the respondents are asked to assume that their energy bill goes up and it has 
become more expensive to heat their homes. They are then asked about how differently they would 
heat their dwellings. Following which expenditure or lifestyle costs they would cut on in response to this 
scenario of increasing energy costs. A screenshot of the actual experiment page is presented in the 
Figure 6 below. 
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Figure 6: Scenario when respondent has to cut lifestyle costs due to 100 Euro/Year higher energy bill 

This type of priming helps us to understand two research sub-questions.  
1. Can financially priming social housing tenants influence their preferences to choose for energy 

renovation measures when compared to not choosing for energy renovation measures? 

2. What attributes of an energy renovation package is sensitive to financial priming in the context 

of social housing tenants? 

 

4.4 Choice Experiment 

 
In the choice experiment we defined 8 attributes and 2 levels for each attribute. Therefore, the total 
number of possible profile combinations are 2^8 = 256. A design which consists of all profile 
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combinations is called a full factorial design and in order to extract meaningful results from such a design 
requires a large number of respondents along with a large number of choice sets. This is not possible in 
our experiment since we have a limited number of respondents and increasing the number of choice 
sets leads to bias and respondent fatigue. Therefore, in order to reduce the number of choice profile 
combinations a fractional factorial design is used. This design implies the creation of an orthogonal 
subset of attribute-level combinations while maintaining the ability to extract meaningful insights from 
the data.  
 
A fractional factorial design can be created using general statistical software like SPSS. Using the 
attribute table described in 4.2., we create 16 choice profiles. These choice profiles are then distributed 
randomly among all choice sets. Each choice set consists of 2 alternatives and an option to opt for none 
of the two alternatives, therefore each choice set consists of 3 possible choices. Each respondent 
receives 5 of such choice sets.  
 
Before they can make their choices, the respondents are also presented with an example choice 
situation, this example also explains the attribute and attribute levels they could possibly face during 
the choice experiment. An actual screenshot of the example choice set is given in Figure 7.  
 

 
Figure 7: Example Choice Task 

 

5. Data 
In this chapter we describe the collected sample data and analysis on the comparability of control and 
treatment groups. First the sample data is described in terms of relevant variables along with the process 
of data cleaning which removes outliers and unusual observations. Then we present the results of a balance 
test to demonstrate the equal composition of groups for control and treatment on various socio-
demographic and psychosocial variables. 
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5.1 Data Collection and Data Cleaning 
 

The data for the experiment was collected by sending out emails with link to an on-line Lime Survey 
questionnaire (survey), to tenants of the social housing association Woonbedrijf. The experiment took 
place in October 2021. Of the 3600 Respondents approached, about 430 respondents completed the 
survey. Therefore, the average response rate was about 12%.In order to carry out data cleaning, we 
look at the distribution of time taken to complete the survey by participants. We look at this to remove 
any respondents who were unusually quick or unusually slow to respond to the survey, i.e. people who 
spend too little or too much time on the questionnaire. To do this, we eliminated people belonging to 
the top 1 percentile and bottom 1 percentile of the time distribution. On average respondents took 
between 10-20 minutes to complete the survey. People who took less than 6.5 minutes were below the 
lowest 1 percentile and People who took more than 62.6 minutes were in the highest 1 percentile. The 
distribution of time is shown in Figure 8.  
 

 
Figure 8: Distribution of Time Taken by respondents to answer the survey 

That left us with 410 respondents instead of 430 original respondents.  

The allotment towards treatment and control groups was completely random and after data cleaning 
we were left with 185 respondents in the control group and 225 respondents in the treatment group. 

 

5.2 Summary Statistics of Respondent Characteristics and Analysis 
 
The sample characteristics are summarized in terms of percentages and mean values in Table 5. The 
socio-demographic and housing complaint variables are summarized in terms of relative frequencies 
(categorical variables) and the psychosocial characteristics such as trust in the housing provider are 
summarized using mean values on a scale of 1-5 (metric variables). 
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Table 5:  Characteristics of the respondents (%) in the data set and the mean value for the statements on trust 
and environment. 

Demography and socio-economics  % of Respondent in the Data Set 
Female 58% 
Age: Older than 65  24% 

Highly Educated 12 33% 

Unemployed or Retired  21% 
Family with Children 43% 
Income great than 2000 Euros  35% 

Satisfied Residents  13 49% 

Residents with high energy bills14 60% 

Housing Complaints15  

House feels too hot in the summers (answer: 
regularly, often, always) 

61% 

Experience Shortness of Breath (answer: regularly, 
often, always) 

19% 

Suffer with Drafts (answer: regularly, often, always) 54% 
Suffer with molds (answer: regularly, often, always) 30% 
Suffer with smells (answer: regularly, often, always) 19% 
Psychosocial Characteristics Mean Values 
Trust the Housing Provider 1-5 3.47 
Environmentally Aware 1-5 3.82 

 
The psychosocial variables are further analyzed statement wise and presented in the Table 6. The values 
for all 4 statements are shown, these were inspired by the statements used in the study of Ossokina et 
al. (2021). The average result for each statement as well the average of the two statements combined 
are shown in Table 6. 
 

Table 6: Psychosocial Variables 

Trust. Give a score from 1(totally disagree) to 5(totally 
agree)  

 
Average: 3.47 

My housing association complies well with the agreements 3.40     

I would recommend my housing association to my family 
and friends 3.53   
     

Environmental Preferences, give a score from 1(totally 
disagree) to 5(totally agree) Average: 3.90 

I am environmentally aware, for example, I separate waste 
and use less plastics 3.99   

I think combating global warming is more important than 
improving the economy 3.82   

 

                                                
12 Respondents attending university or a university of applied sciences, bachelors or higher. 
13 Respondents indicating a satisfaction higher than ‘neutral’ 
14 Respondents with an energy bill higher than 120 euros per month 
15 Respondents indicating a score of “on a regular basis” or higher on the following issues 
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Next, in order to study the differences on characteristics between the treatment and control group, we 
use a independent samples t-test. We test for differences in average values of different variables for the 
treatment and control groups. For the test, the null hypothesis is that there is no difference in average 
value of variables in control and treatment groups, while, the alternative hypothesis is that there exist 
differences in control and treatment groups and hence any further analysis conducted with treatment 
and control groups has to account for these inherent differences.  
 
The results of the t-test for control and treatment groups are show in Table 7.  
 

Table 7: Differences in the control and treatment groups across Respondent Characteristics 

 

Control 
 

Treatment 

Demography and socio-economics 
Group 

Size Mean 
Group 

Size Mean p-values 

Female  185 0.60 225 0.56 0.42 
Older than 65 185 0.28 225 0.20 0.09 

Highly Educated  16 185 0.32 225 0.34 0.78 
Retired  185 0.25 225 0.17 0.06 

Respondents with Children  185 0.41 225 0.44 0.56 
Income great than 2000 
Euros/month  185 0.37 225 0.34 0.59 

Satisfied Residents  17 185 0.49 225 0.49 1.00 

Residents with high energy bills18 185 0.57 225 0.62 0.36 
Housing Complaints19      
House feels too hot in the summers  185 0.63 225 0.59 0.40 

Experience Shortness of Breath 185 0.21 225 0.17 0.34 
Suffer with Drafts  185 0.50 225 0.58 0.16 
Suffer with molds  185 0.32 225 0.28 0.40 
Suffer with smells  185 0.21 225 0.17 0.48 

Psychosocial Characteristics      
Trust the Housing Provider 1-5 185 3.48 225 3.46 0.75 
Environmentally Aware 1-5 185 3.77 225 3.87 0.87 

 
As we can see, none of the groups have statistically significant differences, as p – values are higher than 
0.05, for all variables. Hence, we can say that we accept the null hypothesis that groups are similar and 
reject the alternative hypothesis that groups are different for all variables. Therefore, we can conclude 
that both the control and treatment groups were comparable in our experiment.  
 

6. Results 
In this chapter we present the results of various models that were estimated to model the preferences of 
social housing tenants on energy renovations. It is important to note here, that the utility for user 
experiences has been linked to technical attributes of an energy renovation package. For e.g. the utility 
associated with a “warmer floor downstairs ( the attribute used in the experiment ) has been linked to the 
utility associated with a floor insulation since performing a floor insulation is what leads to the user 
experience of “having a warmer floor”.   

                                                
16 Respondents attending university or a university of applied sciences, bachelors or higher. 
17 Respondents indicating a satisfaction higher than ‘neutral’ 
18 Respondents with an energy bill higher than 120 euros per month 
19 Respondents indicating a score of “on a regular basis” or higher on the following issues 
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We firstly present a simple model which only accounts for the package attributes and intercept. Second, 
we present a model with package attributes, intercept and intercept interaction terms with characteristics 
of respondents. Third we present a mixed logit model, where we assume random parameters for each 
coefficient. We then compare these models on metrics to assess the performance of discrete choice models 
including ρ2adjusted, AIC and BIC.  
 
Next we conduct a Latent Class Analysis to find segments of respondents who have similar preferences and 
we also define these segments and how likely different social groups are to belong to these segments.  
 
Lastly we compare the preferences of treatment and control groups to see the effects of priming on model 
attributes.  
 

6.1 Base Model  
The estimation results of the Base Model are shown in Table 8. The coefficients of parameters β show 
the weight that respondents attach to specific attribute levels of each attribute. In our analysis we 
consider the level 0 of all attributes to our reference level and hence the utility derived for each attribute 
is a value with respect to this reference level. The ρ2

adjusted
 indicates the degree to which the model is 

able to explain the variance in choices. Our Base Model has an ρ2
adjusted of 0.13, as a rule of thumb a 

value between 0.2 and 0.4 is considered a satisfactory fit. All attributes except energy savings and delay 
in compensation are found to be statistically significant. The signs of parameter coefficients indicate 
whether changing the level of the attribute from L0 to L1 positively or negatively affects the utility. The 
numerical values of parameter coefficients indicate the magnitude of the effect on the utility.  
 

Table 8: Base Model Estimations 

Attributes Levels 
Base Model 1 

β p.values 

Option Not to Renovate (intercept) 
  

1.44 
0.000*** 

  

Net Energy Savings  
L0: 10 Euro (ref) ref   

L1: 20 Euro  0.088 0.235 

Rent Increase 
L0: 20 Euro (ref) ref   

L1: 30 Euro   -0.122 0.09   . 

Delay in Compensation 
L0: Immediately (ref) ref   

L1: After 6 Months -0.016 0.83 

Façade Insulation - House is warmer in 
the winters and cooler in the summers 

L0: No (ref) ref   

L1: Yes 1.168 0.000*** 

Roof Insulation - Drafts disappears 
L0: No (ref) ref   

L1: 30 Euro   0.737 0.000*** 

Floor Insulation - Floor downstairs 
becomes warmer 

L0: No (ref) ref   

L1: Yes 0.64 0.000*** 

Nuisance - Renovation work within my 
house? 

L0: No, only outdoors(ref) ref   

L1: Yes, for 3 days 0.185 0.009** 

Solar Panels - Green energy from solar 
panels 

L0: No (ref) ref   

L1: Yes 0.804 0.000*** 

# Respondents 410 

# Choice Observations 2050 
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LL0 -2252.2 

LLβ -1951.4 

ρ2
adjusted 0.13 

Signif. codes: ‘***’ 0.001, ‘**’ 0.01, ‘*’ 0.05, ‘.’ 0.1, ‘ ’ 1 
 

All attributes except energy savings and delay in compensation have statistically significant coefficients. 
The relative effect of an attribute on the utility of social housing tenants is shown in Figure 9 below. 
 

 
Figure 9: Relative Importance Of Attributes 

 
 
We can see that utility for not renovating is still very high which indicates that the tenants still find a 
relatively high utility in simply not renovating their house (remember that the experiment was run in 
October 2021), this can however be countered with addition of more and more attributes to be offered 
in the renovation package.  
 
The attributes of energy renovation package that have a high influence on the choices of social housing 
tenants are the façade insulation, solar panels, roof insulation and floor insulation. Interestingly the 
tenants have also show a higher preference for a higher level of nuisance, which could potentially mean 
that tenant’s do not mind a few days work inside their house and are willing to accept nuisance that 
comes with energy renovations. Possibly, tenants thought that works within a house also mean renewal 
of some of the house facilities (Ossokina et al., 2021 showed that e.g. renewal of the kitchen-bathroom-
toilet is highly valued by the tenants).  
 

6.2 Extended Model  
 
In order to obtain more insights on the preferences based on socio-demographic characteristics of 
respondents, we extend the base model, by introducing respondent characteristics into the likelihood 
estimation function. We do this by interacting the respondent characteristics with the base model 
intercept, i.e. the utility of no renovation with socio-demographic characteristics.  
 
This addition of socio-demographic terms not only improves our base model but also provides more 
insights into what kind of respondents are more likely to opt for no renovation or less likely to opt for 
no renovation.  

 
The estimation results for the extended model are shown in Table 9.   

0% 5% 10% 15% 20% 25% 30% 35%

Option Not to Renovate

Energy Savings*

Rent Increase

Delay in Compensation*

Façade Insulation

Roof Insulation

Floor Insulation

Nuisance

Solar Panels

Relative Importance of Attributes in % terms -- Basic Model 1

*statistically not significant attributes 
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Table 9: Extended Model Estimations 

Attributes Levels 
Extended Model 2 

β p 

Option Not to Renovate (intercept) 
  

1.92 
0.000*** 

    

+ Female   -0.01 0.91  

+ Age: Older than 65   0.92 0.000*** 

+ Highly Educated   -0.51 0.000*** 

+ Retired   -0.09 0.67 

+ With Children   -0.18 0.18 

+ High Income   -0.13 0.29 

+ Satisfied Residents    0.32 0.01* 

+ High Energy Bill   -0.03 0.77 

+ Complain : House feels Hot   -0.00 0.96  

+ Complain : Shortness of Breath   -0.25  0.11 

+ Complain : Suffer with drafts   -0.47 0.000*** 

+ Complain : Suffer with Molds    0.05 0.71 

+ Complain : Suffer with Smells   -0.00 0.99  

+ Attitude : High Average Trust   -0.22 0.07    . 

+ Attitude : High Average Environmental 
Awareness   

-0.18 0.18 

Net Energy Savings 
L0: 10 Euro (ref) ref   

L1: 20 Euro  0.08 0.24 

Rent Increase 
L0: 20 Euro (ref) ref   

L1: 30 Euro   -0.13 0.08* 

Delay in Compensation 
L0: Immediately (ref) ref   

L1: After 6 Months -0.03 0.68 

Façade Insulation- House is warmer in the 
winters and cooler in the summers 

L0: No (ref) ref   

L1: Yes 1.18 0.000*** 

Roof Insulation- Drafts disappears 
L0: No (ref) ref   

L1: 30 Euro   0.75 0.000*** 

Floor Insulation- Floor downstairs becomes 
warmer 

L0: No (ref) ref   

L1: Yes 0.65 0.000*** 

Nuisance- Renovation work within my house? 

L0: No, only 
outdoors(ref) 

ref   

L1: Yes, for 3 days 0.19 0.008** 

Solar Panels- Green energy from solar panels 
L0: No (ref) ref   

L1: Yes 0.84 0.000*** 

# Respondents 410 

# Choice Observations 2050 

LL0 -2252.2 

LLβ -1873.9 

ρ2
adjusted

 0.16 
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Signif. codes: ‘***’ 0.001, ‘**’ 0.01, ‘*’ 0.05, ‘.’ 0.1, ‘ ’ 1 
 
The characteristics that lead to higher or lower support  for energy efficient renovation are shown in 
Figure 10.  
 

 
Figure 10: Which Socio-groups have are more likely to be renovation averse or renovation friendly? 

Our model indicates that older ( Age>65 ) tenants or tenants who are satisfied with their dwellings on 
average have a larger preference for not performing energy renovations, while, tenants who are highly 
educated or suffer with drafts or who associate a high amount of trust in their housing association 
(Woonbedrijf) show a much larger preference for performing energy renovation.  
 

6.3 Mixed Logit Model  
In order to account for preference heterogeneity in the sample population. A Mixed Logit Model is 
estimated (Table 10). Halton Sequences are used for simulation of estimated random parameters. 500 
draws are used to find these results. 
 

Table 10: Mixed Logit Model Estimations 

Attributes Levels 
Mixed Logit Model 

β p ST.DEV p 

Option Not to Renovate 
(intercept) 

  

0.88 0.02* 4.87 0.000*** 

 

Net Energy Savings 
L0: 10 Euro (ref) ref        

L1: 20 Euro  0.36 0.005** 0.16 0.83  

Rent Increase 
L0: 20 Euro (ref) ref        

L1: 30 Euro   -0.24 0.06   . 0.74 0.009**  

Delay in Compensation 
L0: Immediately (ref) ref        

L1: After 6 Months -0.23 0.09   . 0.99 0.000***  

Façade Insulation- House is 
warmer in the winters and 

cooler in the summers 

L0: No (ref) ref        

L1: Yes 2.17 0.000*** 1.4 0.000***  

Roof Insulation- Drafts 
disappears 

L0: No (ref) ref        

L1: 30 Euro   1.33 0.000*** 1.14 0.000***  

Floor Insulation- Floor 
downstairs becomes warmer 

L0: No (ref) ref        

L1: Yes 1.2 0.000*** 0.61 0.07    .  

Nuisance- Renovation work 
within my house? 

L0: No, only 
outdoors(ref) 

ref        
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L1: Yes, for 3 days 0.26 0.04* 0.98 0.000***  

Solar Panels- Green energy 
from solar panels 

L0: No (ref) ref        

L1: Yes 1.58 0.000*** 1.94 0.000***  

# Respondents 410  

# Choice Observations 2050  

LL0 -2252.2  

LLβ -1523.2  

ρ2
adjusted 0.32  

Signif. codes: ‘***’ 0.001, ‘**’ 0.01, ‘*’ 0.05, ‘.’ 0.1, ‘ ’ 1 
 
In the mixed logit model estimated, we see that all attributes as well as the intercept have statistically 
significant random parameters. The estimated standard deviations are statistically significant for all 
parameters except for energy savings attribute. These results indicate a high level of heterogeneity in 
our sample population on how these attribute levels or package features are valued. The highest 
attribute taste variations are observed in the Solar Panels and Roof Insulation attributes.  
 
The Nuisance Attribute also has a significant taste variation and the size of the standard deviation is 
such that a substantial part evaluates nuisance as negative. 
 

6.4 Model Comparison on Predictive Performance 
 

As the end goal of the project is to build a tool which can predict the support of social housing tenants 
for energy renovations, it is important to compare these models, i.e. the base MNL model, the extended 
model and the Mixed logit Model on predictive performance. We  evaluate all models on model fit 
metrics including ρ2

adjusted, AIC and BIC. 
 

Adjusted R2 

The above models are compared on the adjusted R-square metric, which is given by the following 
equation 10. In this equation, K is the number of parameters used in model estimation, LL0 is the log-
likelihood of the model and LLbeta is the log-likelihood of a null model in which all choice probabilities 
are equal.  

𝜌𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑
2 = 1 − ((𝐿𝐿𝑏𝑒𝑡𝑎 − 𝐾)/(𝐿𝐿0) 

(Equation 9) 

According to literature (Louviere et al., 2000),  in order for a model to be considered a sufficient fit, the 

value of 𝜌𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑
2  must be greater than 0.2. Our Base Model and Extended Model are slightly below 

the threshold, however, our Mixed Logit Model has an 𝜌𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑
2  of 0.32 which is much higher than the 

threshold. This is illustrated by the diagram of 𝜌𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑
2  across our estimated models (Figure 11).   
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Figure 11: Adjusted R2 across estimated models 

Akaike Information Criterion (AIC) & Bayesian Information Criterion (BIC) 

The AIC criterion is widely used to compare the quality of the models. If one model has a lower AIC score 
than the other, it is considered to be a better predictive model than the other. The AIC is based on the 
number of parameters (K) that are included in the model and the log likelihood of that model (Equation 
11). 

𝐴𝐼𝐶 = 2𝐾 − 2𝐿𝐿𝑏𝑒𝑡𝑎 

(Equation 10) 

The BIC criterion also adjusts for the number of observations that were used to train the model. The BIC 
criterion is defined by equation 12. 

𝐵𝐼𝐶 = 𝐾𝑙𝑛(𝑛) − 2𝐿𝐿𝑏𝑒𝑡𝑎 

(Equation 11) 

Both the AIC and BIC are penalized model selection criteria, that penalize the model as the number of 
parameters increase or number of observations decrease. They can be used in addition to compare the 
quality of different Multinomial Logit models.  

The selection of the best model is more robust if both the AIC and BIC are consistent with each other. 
The AIC and BIC metrics are plotted against our estimated models in Figure 12.  
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Figure 12: AIC & BIC across Estimated Models 

In our case, both the AIC and the BIC are lowest for the Mixed Logit Model, the Mixed Logit Model also 
has the highest adjusted R2 which supports the idea that it is the best predictive model out of all three 
models based on the all three model performance criteria’s. Table 11, summarizes the model 
performance of all our estimated models. 

Table 11: Model Performance Comparison 

 Model LL of Model 
No. of 

Parameters AIC BIC ρ2
adj 

1 Base Model (MNL) -1951.4 9 3921 3971 0.13 

2 
Extended Model 

(MNL) -1873.9 24 3796 3931 0.16 

3 
Mixed Logit Model 

(ML) -1523.2 18 3082 3184 0.32 

 
From the findings in this section, it is clear that the mixed logit model provides the best fit and hence 
would be able to best predict the preferences of social housing tenants on the energy renovations. 
However, the mixed logit model takes the highest amount of computational resources, therefore, it is 
considerably slower than the base model or extended model when making predictions on the 
probability to choose an alternative and because the probability is dependent on Halton draws, the 
results obtained are not exactly the same each time the model is used to predict for a certain package. 
These are potential disadvantages of using the mixed logit model as the workhorse for our tool (web 
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application). Therefore, considering these trade-offs of speed and accuracy, we give precedent to speed 
and build our final tool using the base model and extended model in Chapter 8.  
 

6.5 Probabilities of Package Success 

 
In this section we demonstrate as an example, the use of our base model (section 6.1) and extended 
model (section 6.2) in predicting the % refusers for a set of arbitrarily defined energy renovation 
packages. We start with a “Small” Package which has the minimum number of package features and 
lowest costs in terms of rent increase, as we move from small to medium and larger packages, the 
essential trade-off is more benefits against higher costs. The exact specifications of each package are 
defined in Table 12.  
 

Table 12: Specifications of Packages 

Attribute Small Package Medium Package Large Package 

Net Energy Savings 10 15 20 

Rent Change 20 25 30 

Delay in Compensation 6 Months Immediate Immediate 

Façade Insulation Yes Yes Yes 

Roof Insulation No No Yes 

Floor Insulation No Yes Yes 

Nuisance No Yes Yes 

Solar Panel  No No No 

 

 
 

Figure 13: Proportion of Refusers for each package 

 
As illustrated by figure 13, our base line model predicts that small packages with low rent increase and 
minimum package features is very unlikely to achieve the 70% consensus as the % refusers is greater 
than 30% across all socio-demographic and satisfaction  groups. An energy renovation package with 
features similar to the medium package or higher as in our example has a good chance of succeeding as 
the % refusers is 33% which is very close to the 70% consensus required by housing associations.  
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The older tenants seem to be the hardest social group to convince on the subject of energy renovation, 
while the highly educated tenants seem to be the easiest social group to convince, offering better 
features to the older tenants could help in higher adoption amongst the older tenants.  
 

6.6 Latent Class Analysis  

In order to carry out preference based segmentation based on package attributes of an energy 
renovation package, we perform a latent class analysis, this model allows us to search for clusters of 
individuals with similar preferences. The model with the optimal number of classes is determined using 
model performance criteria BIC and ρ2

adjusted .The model performances with up to five classes are 
presented in Table 13.  

Table 13: Model Performances for different number of classes 

  
No. of Latent 

Classes 
LL of 

Model 
No. of 

Parameters AIC BIC ρ2
adjusted 

LC1 1(MNL) -1951.4 9 3921 3971 0.130 

LC2 2 -1679.8 17 3394 3489 0.247 

LC3 3 -1655.4 26 3363 3509 0.242 

LC4 4 -1622.1 35 3314 3511 0.239 

LC5 5 -1600.3 44 3288 3536 0.236 

A latent class model with 1 class is simply an MNL model. As we add more and more classes we see that 
log likelihood of the model increases. However, the criteria which penalize addition of parameters (BIC 

and 𝜌𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑
2 ) first decrease and then increase and first increase and then decrease, respectively  (in 

Table 11) . The BIC is often the default criterion to determine optimal number of classes with a latent 
class analysis (Breinholt et al., 2017). The point of inflection is at the second latent class and hence that 
is the best performing model. The BIC versus the number of latent classes curve are shown in Figure 14.  

 

Figure 14: BIC vs No of latent classes curve 

As we can see from the Figure 14, the Latent class model with 2 classes provides the best fit on our data 
as it has the lowest BIC and the highest ρ2

adjusted.  

Therefore, a model with two latent classes is selected (Table 14). The parameter weights for each class 
are estimated simultaneously using maximum likelihood estimation just as for the basic MNL model.  
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Table 14: Latent Class Model Estimations with 2 Classes 

Attributes20 
Class 1 Class 2 

β p β p 

Net Energy Savings (Level 1) -0.61 0.009** 0.21 0.02* 

Rent Change (Level 1) -1.01 0.000*** -0.07 0.41 

Delay in Compensation (Level 1) -0.95 0.000*** -0.06 0.48  

Façade Insulation (Level 1)21 0.08 0.68  1.41 0.000*** 

Roof Insulation (Level 1)22 -0.06 0.72 0.86 0.000*** 

Floor Insulation (Level 1)23 -0.17 0.35  0.77 0.000*** 

Nuisance (Level 1)24 -0.55 0.002** 0.18 0.03* 

Solar Panels (Level 1)25 -0.13 0.49 1.05 0.000*** 

Class Probability 0.298 0.702 

Adjusted R2 0.25 

Signif. codes: ‘***’ 0.001, ‘**’ 0.01, ‘*’ 0.05, ‘.’ 0.1, ‘ ’ 1 
 
Figure 15 illustrates the relative importance of attributes for both class 1 and class 2. 
 

 
Figure 15: Relative Importance of attributes across two estimated classes 

We can see that Class 1, in general has higher absolute β values for attributes like energy savings, rent 
change, nuisance and delay in compensation. While for Class 2, β values for comfort based attributes 

                                                
20 User experience attribute have been transformed here in the results table, refer to footnotes to see original 
attributes from the experiment. 
 
21 House is warmer in the winters and cooler in the summers 
22 Drafts disappear 
23 Floor downstairs becomes warmer 
24 Renovation works with my house? 
25 Green energy from solar panels? 
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are seen to be positive and higher than those in Class 1. The findings from our latent class model can be 
summarized as follows:  
 

- Individuals in class 2, generally, prefer higher energy savings, which is the complete opposite to 

class 1, where individuals seem to prefer lower energy savings, indeed this is counterintuitive 

and not expected, we do not have an explanation for this, perhaps further research into 

preferences on energy savings might reveal more insights. 

- Coming to rent increase, we have inconclusive results for class 2, however, for class 1, we see 

that individuals have a high preference for a lower rent increase. 

- For the delay in compensation of receiving the energy savings, individuals in class 1, have a high 

preference to receive these benefits immediately rather than 6 months later, results for class 2 

are inconclusive. 

- Façade Insulation yields inconclusive results for class 1, however, we can see high preference 

for façade insulation in class 2. 

- Roof Insulation, Floor Insulation & Solar Panels show a similar trend to façade insulation, where 

high preference is seen in class 2 and results are inconclusive for class 1. 

- Both classes contradict each other in terms of their preference for nuisance that comes with 

housing energy renovations. Individuals in Class 1 prefer lower levels of nuisance while 

Individuals in Class 2 prefer higher nuisance. 

 
Broadly there are two classes of respondents based on their attribute preferences.  
  
Class 1 is largely concerned about the change in energy bills, change in rent, delay in compensation and 
nuisance, we could call them a price-focused class or performance-focused class. Their share is around 
30%.  
  
Class 2 is more sensitive about housing renovation features like facade insulation, roof insulation, floor 
insulation etc. we could call them feature focused class. Their share is around 70%.  

Also, adding socio-demographics, attitudes and housing complaints to the model, allows us to estimate 
which socio-demographic groups are more likely to belong to which of the two classes. The detailed 
specification of the latent class model with socio-demographic terms is attached in the appendix C. In 
table 15, we describe which social groups are more likely to belong to which class of the estimated 
model.  

Table 15: Which Socio-Group is more likely to belong to one of the two classes? 

Which Social Group is more likely to belong to 
Class 1 

(price focused class/segment)? 

Which Social Group is more likely to belong to Class 2 
(featured focused class/segment)? 

Older Respondents Highly Educated 

Respondents who are satisfied with their 
dwelling 

Respondents with Children 

 Respondents suffering from drafts 
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6.7 Effect of Priming Treatment  

 
In order to evaluate the effects of financial priming on the energy renovation choices of social housing 
tenants, we randomly allotted the respondents into two groups, i.e., the control and treatment group. 
The control group was directly allowed to participate in the stated choice experiment while the 
treatment group had to answer certain hypothetical questions relating to financials on energy 
renovations before being able to participate in the stated choice experiment.  
 
We then defined a treatment variable as a dummy variable where values of 1 represented that the 
respondent belonged to the treatment group and values of 0 represented that respondent belonged to 
the control group.  
 
The treatment variable was then interacted with the constant terms as well as the attribute variables 
and these terms were added into the base model estimation equation (Equation 1) .  
 
The results of our estimations are summarized in the model estimate table 16.  
 

Table 16: Treatment Interacted Base Model Estimations 

Attributes26 Levels 
Treatment Effects Model 

β p 

Option Not to Renovate (intercept) 
  

  
1.73 

0.000*** 

  

+ Treatment -0.53 0.06* 

Net Energy Savings 

L0: 10 Euro (ref) ref   

L1: 20 Euro   0.16 0.14 

+ Treatment -0.13 0.37  

Rent Increase 

L0: 20 Euro (ref) ref   

L1: 30 Euro   -0.12 0.27 

+ Treatment -0.004 0.97 

Delay in Compensation 

L0: Immediately (ref) ref   

L1: After 6 Months -0.02 0.83 

+ Treatment -0.001 0.99 

Façade Insulation- House is warmer in 
the winters and cooler in the summers 

L0: No (ref) ref   

L1: Yes 1.34 0.000*** 

+ Treatment -0.3 0.03* 

Roof Insulation- Drafts disappears 

L0: No (ref) ref   

L1: 30 Euro   0.71 0.000*** 

+ Treatment 0.02 0.84 

Floor Insulation- Floor downstairs 
becomes warmer 

L0: No (ref) ref   

L1: Yes 0.73 0.000*** 

+ Treatment -0.16 0.27  

L0: No, only outdoors(ref) ref   

                                                
26 User experience attribute have been transformed here in the results table, refer to footnotes to see original 
attributes from the experiment. 
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Nuisance- Renovation work within my 
house? 

L1: Yes, for 3 days 0.21 0.04* 

+ Treatment -0.05 0.72  

Solar Panels- Green energy from solar 
panels 

L0: No (ref) ref   

L1: Yes 0.7 0.000*** 

+ Treatment 0.17  0.24 

# Respondents 410 

# Choice Observations 2050 

LL0 -2252.2 

LLβ -1942.2 

Adjusted R^2 0.13 

Signif. codes: ‘***’ 0.001, ‘**’ 0.01, ‘*’ 0.05, ‘.’ 0.1 ‘ ’ 1 
 
From the above table, we see that our treatment group has a lower absolute value of the not-renovate 
coefficient (the difference is statistically significant at 10%) , indicating that the treatment group on 
average has a higher preference for renovating than the control. Another attribute of interest in the 
treatment study is façade insulation (at level 1) which also has a lower coefficient value (difference is 
statistically significant)  indicating that the treatment group on average has a lower preference for 
façade insulation. We do not have an explanation for this. The treatment coefficients for all other 
attributes turn out to be statistically insignificant, indicating that priming does not affect the utility 
tenants attach to these attributes.  
 
Therefore, it can be said that financial priming could encourage tenants to adopt for energy renovation 
rather than simply opting for no renovation. However, it could also lead to a decrease in preference for 
some of the attributes.  
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PART III. Web application to help housing associations better 
understand energy renovation preferences of their residents 
 

7. Web Application Development 
 
In this Chapter we describe the design of a prototype web application that can help the housing association 
make estimations on the acceptability of an energy renovation package based on it’s features and allow 
them to compare two packages as a function of their tenant’s preferences. The application is built in R-
Shiny which is a powerful open source framework in R, that allows users to create their own interactive 
web application.  
 
Housing associations can use this tool/web application along with the survey developed for this study to 
better understand and generate insights into the needs and preferences of their tenants’ on energy 
efficient renovations. However, In cases of changes in the survey design or the coefficients estimates, , 
proper adjustments in the web application source code will need to be made.  
 
This is a caveat to our web application, however this can be overcome by further developing the tool ( as 
an end-to-end software), but this is outside the scope of this PDeng Report.  
 
In this chapter we describe the working and design of the Shiny application (our tool) in detail.  
 

7.1 Requirements Analysis 
Since, the stated choice experiment and discrete choice models are fairly specialized, and have a 
learning curve before an average person is able to understand the results in the form of model summary 
tables, p-values and other technical terms, it was found necessary to build an interactive data driven 
tool which can communicate model estimations and predictions into easily interpretable insights using 
visualizations by an average person. Moreover, the application offers a tool to predict acceptance 
probabilities for optional packages of interest, to support the design of packages that have high 
probability of success. 
 
The development of the Shiny application began in November 2021 and the final version was completed 
in March 2022. We followed an iterative development model (Larman & Basili, 2003), wherein we added 
features one by one, providing a working product at the end of each iteration and adding more and 
more functionality in each development cycle.  
 
 

 
Figure 16: Iterative Development Cycle (Saykol, 2012) 
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Following the iterative development methodology, we conducted a requirements analysis which helped 
match both our expectations and the housing association’s expectations, while at the same time 
providing a closer look at how the entire tool works. Table 17 & 18 provides the list of functional and 
non-functional requirements and their descriptions.  
 

Table 17: Functional Requirements 

Requirement Code Requirement Description 
F1 Have strong integration with base line and extended model 

F2 Provide interactive buttons that serve as package attribute inputs for the model 

F3 
Allow the user to select from base model (package attributes only)  or extended 
model ( package attributes and socio demographic characteristics of resident ) 

F4 Display an interactive bar plot of predicted probability of the selected package 

F5 Display an interactive pie chart of predicted probability of the selected package 

F6 
Allow the user to compare two different energy renovation packages based on 
selected attributes for each package 

F7 

Display an interactive bar plot comparing the probability to be chosen by the 
respondents for each of the two renovation package along with the probability to 
choose neither of the two packages 

F8 

Display interactive choropleth maps that can reveal important information related 
to the survey sample as well as answer useful questions for example,  Which post 
codes have relative educated residents or What post codes have relatively senior 
residents or Which Postcodes are going to be more difficult to renovate in the 
future? 

F9 Provide a small report on all the insights found in the project 

F10 
Provide a simple instruction manual/video on how the tool can be used and what 
value does the tool provide 

F11 Shall be deployable on the internet 

 
Table 18: Non-Functional Requirements 

Requirement Code Requirement Description 
N1 Shall be made in an open source language like R 

N2 Provide a clean and easy to use user interface design 

N3 
Shall be built on a Framework that allows for easy integration with data analysis 
scripts 

N4 Code Shall be readable and prepared for extensibility and further improvements 

 

7.2 Design of the application 
 

7.2.1 Workflow Design 
 

Figure 17 illustrates the workflow design of the shiny application.  
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Figure 17: Workflow Design of the Web Application 

The stated choice response data is recorded and stored in lime survey’s database. The data from lime 
survey is used as input for a python script that converts choices made into a format acceptable by the 
MLOGIT  (Croissant, 2020) and GMNL (Sarrias & Daziano, 2017)  packages in R which are used to process 
discrete choice models. Data analysis is performed using the tidy verse package (Wickham et al., 2019) 
in R.  
 
The Spatial Risk package (Haringa, 2021) & the leaflet package (Christian, 2016) is used to build 
interactive choropleth maps. 
 
The output files are then put together in a single shiny application. To demonstrate Web deployment 
we make use of shinyapps.io which is a free to use hosting platform provided by RStudio.  
 

7.2.2 User Interface Design 
 
The User Interface of the application is divided in the following sections :  
 

- Estimate 
 
Here (Figure 18) the user can make estimations of probability of acceptance for a given energy 
renovation package by tenants based on the features of an energy renovation package, such as, solar 
panels, façade insulation, rent increase, predicted savings etc. This interface is shown in the picture 
shown in Figure 18.  
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Figure 18: Estimate Web Page 1 

The users can also adjust the model estimations based on additional information they would have on 
the residents such as their age, education level etc. They can also choose between a bar graph and a pie 
chart to see the probability of acceptance of the chosen energy renovation package. 
 

 
Figure 19: Estimate Web Page 2 

 
As an example here (Figure 19), we predict the support for an energy renovation package consisting of 
solar panels & façade insulation offered at 23 Euro rent increase, this for, Older tenants belonging to 
65+ age group.  
 

- Compare 
 
Here, the user can compare two different energy renovation packages along with the tenant’s 
probability of rejecting both packages by choosing the non-option.  
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Figure 20: Compare Web Page 

 
As an example here (Figure 20), we compare two packages, one with solar & façade insulation at 14 
Euro Rent Increase with another package, containing floor and roof insulation priced at 18 Euro rent 
increase. 
 

- Interactive Maps 
 

Here, the user can generate interactive maps, this is to compare tenants living in different post codes 
on variables like education, age, trust, satisfaction etc. and the renovation difficulty index.  

 
Figure 21: Interactive Maps Web Page 

Here as an example (Figure 21), we illustrate which areas in Eindhoven City are relatively difficult to 
renovate. This index is derived as a weighted sum of socio-group associated model coefficient for not 
renovating and proportion of socio group present in that post code. The index is then normalized using 
min-max normalization to bring values on a scale of 0-1.  
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- Project Report 

 
The project report page shown in Figure 22 which is part of the application is intended to provide 
the user with a brief overview of the project. Information on why the project was important, 
Necessary Steps and Insights are stored in an html format on this section of the web application. 

 

 
Figure 22: Project Report Web Page 

 
 

- Detailed Technical Report 
 
In this section of the web application (shown in Figure 23) the user can get a detailed review of the 
sample distribution, models and insights & analysis.  
 

 
Figure 23: Technical Report Web Page 



53 

 

 

8. Conclusion 
 

The built environment today is facing a huge challenge of decarbonization of the housing stock. A large 
part of which is under the control of housing associations in the Netherlands. Although all housing 
associations have adopted the goal of carbon neutral housing, current trend shows that they are far 
from achieving their goals. A large barrier in that context is the lack of information, participation and 
acceptance to renovate by their tenants. These barriers need to be addressed with a participatory, 
streamlined and standardized approach that can accelerate the energy transition for the social housing 
sector.  
 
Firstly, a literature review was conducted in order to understand the historical background of current 
participatory frameworks and how different participatory processes were introduced in research 
worldwide. We choose the stated choice experiment as our participatory workhorse process as it was 
the most balanced solution that enhanced participation while also generating more data driven insights 
on the preferences of residents.   
 
At present, residents of social housing are involved only in the later stages of the customer journey. This 
results in an increased risk of dissatisfaction and resentments towards proposals made by the housing 
association with regards to performing energy retrofitting. In the current customer journey, the housing 
associations along with the contractor decide on how the renovation must be performed and when it 
should be performed, residents are only contacted when the housing association has drafted a proposal. 
For an effective transition it is necessary to adopt a bottom up participatory approach that reduces 
friction between the residents and policy makers like housing associations and involves the residents in 
the early stages.  
 
Research has shown that housing associations experience a limited knowledge about their residents. 
For them, conducting interviews and focus group studies can be very resource intensive activities . A 
data driven tool can greatly automate this process for housing associations while revealing quantitative 
insights on acceptance probabilities for energy efficient renovation packages.  
 
In this PDeng Thesis, we demonstrated the use of stated choice experiments in combination with 
discrete choice models and web application platforms to streamline and standardize the early stage 
customer journey of energy efficient renovations in the Netherlands. Herein, we describe the underlying 
experiment design, models, segmentation analysis and web application design. During the execution of 
the project various insights on residents preferences on energy efficient renovation were revealed.  
 
These are summarized as follows in the form of research question and answers.  
 
Question 1. How to develop and online game of choice to increase tenants’ participation in energy 
transition and what insights does it yield? What are the existing tools that one can built upon? 
 
Discussed in Chapter 2, we define different approaches to improve participation and allow for 
preferences measurement of social housing tenant’s on energy efficient renovations.  In our case, a 
stated choice experiment was used to understand which attributes of the energy efficient living are 
most important for the tenants and further developing a user friendly web based application that can 
help social housing associations compose renovation packages and policies that fit the needs of the 
tenants best and thus can count on largest support from tenants. 
 
Question 1a. What attributes of an energy renovation package are valued most by tenants? 
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As described in Section 6.1, we found that façade insulation and solar panels are the technical attributes 
of an energy renovation packages that are most sought after by the tenants. As suggested by Steg’s 
Framework, we find that all three motives (hedonic, gain and normative) have an effect on a person’s 
behavior towards energy efficient renovations. The comfort based (hedonic) aspects of energy efficient 
renovation seem to be the biggest motive, while the normative motive of doing the right thing ( choosing 
green energy ) is the next biggest motive.   
 
Question 1b. What socio-groups are averse to energy efficient renovations and which groups are friendly 
towards energy efficient renovations? 
 
Our extended model from section 6.2, suggests that the Older (Age >65) and satisfied residents are 
averse to energy efficient renovations, while highly educated, draft suffering and residents with high 
trust in their housing associations are more friendly towards energy efficient renovations. These findings 
can be used by housing associations to adopt a separate strategy for renovation averse social groups to 
increase adoption. Housing associations can now identify these socio groups based on data driven 
models as opposed to approaching everyone with a same strategy.  
 
Question 1c. Is there large amount of taste variation or heterogeneity for attributes in our sample of 
respondents? 
 
Our mixed logit model (section 6.3), revealed that there is substantial taste heterogeneity; the highest 
taste variations are observed in the solar panels and roof insulation attributes. This suggests that the 
preference variation for environment related aspect and some comfort related aspects is quiet high 
amongst Dutch social housing tenant’s. So there is a big variation in the way people allocate importance 
for environmental and comfort related aspects. 
 
Question 1d. Can stimulating residents to think about different energy scenarios financially, improve 
adoption for energy renovation package? 
 
In our experiment we used a treatment group specifically to answer this research question (see section 
6.7). We found that stimulating residents to think about different energy scenarios financially, 
considerably improves adoption of energy renovation packages while at the same time decreases 
preference for façade insulation.  
 

Question 1e. Can we create segments or classes from our residents based on their preferences for 
attributes of an energy renovation package? 
 
As demonstrated by the latent class model in section 6.6, we saw that there are largely two segments 
of residents, segment 1 (class 1) is focused largely on the comfort based features of an energy 
renovation package, their share is around 70%, and the other segment (class 2) is focused largely on 
cost related aspects of an energy renovation package.  
 
Question 2. Can these models be integrated into a single web based tool that can be used by housing 
associations to evaluate their tenant’s preferences on energy efficient renovations? 
 
In chapter 7, we described the development of a prototype tool based in R-Shiny that is easy to use and 
can act as a decision support tool for housing associations to understand their tenants’ preferences. The 
tool allows housing associations to estimate success potential of renovation packages, compare 
different renovation packages as well as visualize their residents based on social groups and other 
metrics using choropleth maps.  
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8.1 Limitations of the Research and Recommendations 

 
While the goals of this research have been addressed conclusively, there were some assumptions and 
decisions that had to be made and which might not be a true reflection of actuality. For example, the 
recent increases in gas prices have made energy efficient renovation packages quite attractive for the 
tenants of housing associations and it has indeed become easier to achieve consensus. However, 
questions like what measures are most important to the tenants still remain relevant. Furthermore, it 
is important to note that the results were based on a stated preference, rather than a revealed 
preference. Further research into revealed preference of social housing tenants energy efficient 
renovation could verify our findings.  
 
Finally, the results presented were based on the data received from tenants of a single housing 
association in the Eindhoven region. A larger dataset could potentially lead to better results and one 
could also observe differences in preferences across housing associations or across regions in the 
Netherlands.  
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Appendix A. 
 

The most relevant technical measures in an energy housing renovation are described in this 
section of the appendix. 

 
(i) Photovoltaic Solar Panels  
A solar panel is an assembly of photovoltaic cells mounted in a framework for installation. They use 
sunlight as a source of energy and generate electrical energy.  
As per our research in the past with our other complexes, photovoltaic solar panels have a housing 
cost reduction per year to investment ratio of about 0.08. 
In other words, For every euro invested in PV solar panels a resident can expect annual savings about 
0.08 Euros. 
In terms of CO2 reductions, for every euro invested a resident can expect 0.21 kg of Co2 reduction 
each subsequent year.  
 
(ii) Thermal Insulation 
Thermal insulation is an essential process to prevent the transfer of heat between the inside and 

outside of your house. In other words, insulation prevents the entrance of outside heat ( or cold ) from 

the walls and ceilings. It also restricts escape of hot or cool air from the interior of your house to the 

external environment.  

 

It is a very popular renovation measure, which improves energy efficiency of your house while at the 

same time substantially improving comfort levels as your house stays warm in the winter and cool in 

summer.  

 

Thermal insulation can be applied in three areas of your house, namely, façade, floor and roof. The 

higher the level of insulation the better the energy efficiency and comfort level of your house, 

however, higher levels would also mean higher increasing in rent.  

 

(iii) Home Mechanical Ventilation 
Mechanical Ventilation : Once a house is insulated, natural ventilation through little cracks and fissures 

is greatly minimized, this can severely restrict natural ventilation in the house and cause significant 

discomfort related to breathing, such as suffocation, therefore, to ensure enough air flow to 

adequately refresh the inside of the house, mechanical ventilation device needs to be installed. This 

greatly improves the indoor air quality and also prevents certain chromic respiratory illnesses.  
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Mechanical Ventilation with Heat Recovery : An 
extension of the above system, using a heat 
recovery device to prevent heat from escaping the 
house and hence improving the overall energy 
efficiency of the house. 

 

This device is usually installed in the attic. The heat recovery unit has two separate valves, one to 

discharge polluted air outside the house and one to supply the house with fresh outside air. The intake 

air flows through an air filter to protect the system from pollution and to clean the supply air. Before 

the exhaust air leaves the house the air flows through the heat recovery unit and heats up the supply 

air. Before the exhaust air leaves the house the air flows through the heat recovery unit and heats up 

the supply air. The cold outside air can be heated up to almost the same temperature as the inside air, 

resulting in an efficiency rate up to 95% of the system.   

This device can greatly improve the comfort ( by reducing indoor air pollution and improving indoor 

temperature ) and result in impressive savings on your energy bills, however, it comes with added 

costs and increased noise levels inside your house.  

 

Appendix B. 
 
Distribution of respondent across variable categories (as was discussed in section 3.2) is illustrated in 
the section. 
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Appendix C. 
 

Latent class model estimated with respondent characteristics is shown here. 
 
 
Call: 
gmnl(formula = choice ~ energy.bill + rent.change + delay.compensation +  
    facade.insulation + roof.insulation + floor.insulation +  
    nuisance + solar.panels | 0 | 0 | 0 | female1 + age_greater_65 +  
    education_high + employment_all_retired + with.children1 +  
    income_high + satisfied.residents1 + highenergy1 + housefeelshot1 +  
    ventilationissues1 + drafts1 + molds1 + smells1 + trust.average +  
    environment.average, data = mlogitdata, model = "lc", Q = 2,  
    panel = TRUE, method = "bhhh") 
 
Frequencies of categories: 
 
      0       1       2  
0.27220 0.38878 0.33902  
 
The estimation took: 0h:0m:1s  
 
Coefficients: 
                                Estimate Std. Error z-value  Pr(>|z|)     
class.1.energy.bill           -0.6331144  0.2076732 -3.0486  0.002299 **  
class.1.rent.change           -0.9950367  0.2206651 -4.5093 6.505e-06 *** 
class.1.delay.compensation    -0.9743476  0.2192856 -4.4433 8.860e-06 *** 
class.1.facade.insulation      0.0124711  0.2149878  0.0580  0.953742     
class.1.roof.insulation       -0.0825986  0.2087493 -0.3957  0.692339     
class.1.floor.insulation      -0.1557608  0.2147798 -0.7252  0.468322     
class.1.nuisance              -0.5850608  0.2112751 -2.7692  0.005620 **  
class.1.solar.panels          -0.1394330  0.2034169 -0.6855  0.493057     
class.2.energy.bill            0.1952426  0.0911538  2.1419  0.032201 *   
class.2.rent.change           -0.1010005  0.0878753 -1.1494  0.250407     
class.2.delay.compensation    -0.0755256  0.0899177 -0.8399  0.400941     
class.2.facade.insulation      1.4068551  0.0874031 16.0962 < 2.2e-16 *** 
class.2.roof.insulation        0.8525257  0.0837900 10.1746 < 2.2e-16 *** 
class.2.floor.insulation       0.7481719  0.0843567  8.8691 < 2.2e-16 *** 
class.2.nuisance               0.1753047  0.0785873  2.2307  0.025701 *   
class.2.solar.panels           1.0396911  0.0906529 11.4689 < 2.2e-16 *** 
(class)2                       0.6885475  0.4145507  1.6609  0.096724 .   
female1:class2                 0.0015255  0.1232482  0.0124  0.990125     
class2:age_greater_65         -1.2483841  0.2283239 -5.4676 4.562e-08 *** 
class2:education_high          0.6984062  0.1453842  4.8039 1.556e-06 *** 
class2:employment_all_retired  0.2414876  0.2304347  1.0480  0.294655     
class2:with.children1          0.2832979  0.1433777  1.9759  0.048168 *   
class2:income_high             0.0191721  0.1333737  0.1437  0.885700     
class2:satisfied.residents1   -0.4339440  0.1426082 -3.0429  0.002343 **  
class2:highenergy1            -0.0992189  0.1229188 -0.8072  0.419557     
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class2:housefeelshot1          0.1788190  0.1270167  1.4078  0.159179     
class2:ventilationissues1     -0.0863351  0.1668882 -0.5173  0.604931     
class2:drafts1                 0.3877068  0.1377974  2.8136  0.004899 **  
class2:molds1                 -0.2096670  0.1607924 -1.3040  0.192247     
class2:smells1                -0.0188744  0.1678269 -0.1125  0.910456     
class2:trust.average           0.0118965  0.0836806  0.1422  0.886949     
class2:environment.average     0.0524747  0.0700347  0.7493  0.453696     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Optimization of log-likelihood by BHHH maximisation 
Log Likelihood: -1658.3 
Number of observations: 2050 
Number of iterations: 25 
Exit of MLE: successive function values within relative tolerance limit 
(reltol) 
 
 

Appendix D. 
 

A snapshot of the excel sheet used to document all the measures carried out in recent renovations 
projects. 
 

 
 

Brochure Study excel sheet print screen. 

 
 

No Year Proposed Attribute Attribute Levels Site Costs 

1 2020 Insulate Façade - Lievendaal Part of Free maintainence

2 2020 Insulate Floor - Lievendaal Part of Comfort Package ( + 2Euros/Month ) 

2020 6 Lievendaal 17,9/month

2020 8 Lievendaal 21,86/month

2020 10 Lievendaal 25,31/month

2020 12 Lievendaal 29,19/month

4 2020 New Gutters and Downsputs - Lievendaal Part of Free maintainence

5 2020 Fire and resistant sheeting on roof - Lievendaal Part of Free maintainence

6 2020 Update Paintwork - Lievendaal Part of Free maintainence

7 2020 Ventilation Grill on 1st floor - Lievendaal Part of Comfort Package ( + 2,5Euros/Month ) 

8 2020 HR++ insulation glass with new rubbers, on all windows - Lievendaal Part of Comfort Package ( + 2,5Euros/Month ) 

9 2020 Mechanical Ventilation - Lievendaal Part of Comfort Package ( + 2,5Euros/Month ) 

10 2020 New Chimney - Tivoli Part of Standard Package ( +8Euros/Month ) 

11 2020 Isolated roof with new roof tiles - Tivoli Part of Standard Package ( +8Euros/Month ) 

12 2020 HR++ insulation glass with new rubbers, on all windows - Tivoli Part of Standard Package ( +8Euros/Month ) 

13 2020 New Gutters and Downsputs - Tivoli Part of Standard Package ( +8Euros/Month ) 

14 2020 Insulate dormer - Tivoli Part of Standard Package ( +8Euros/Month ) 

15 2020 Insulate Façade - Tivoli Part of Standard Package ( +8Euros/Month ) 

16 2020 Insulate Floor - Tivoli Part of Standard Package ( +8Euros/Month ) 

Solar Panel 3
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