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Executive summary 

European and Dutch environmental goals prescribe that national emitted CO2 levels need to be 

reduced. The Dutch residential heating sector is largely dependent on natural gas. Therefore, the 

Dutch government chose to transition the whole Dutch residential sector to gas-free living by 2050, 

to decrease CO2 levels. Homeowners are responsible themselves for adopting a sustainable heating 

system, where specifically heat pumps are one of the main proposed solutions. However, renovation 

rates are not expected to meet their determined goals. Several barriers play a vital role in the decision-

making process and are reasons for this lacking uptake, such as technical, financial, institutional, 

informational and psychological barriers. Research into psychological barriers and their effect is found 

to be underdeveloped. In order to better understand the decision-making process, this research 

studied the influence of hassle on the decision-making process of adopting a heat pump by Dutch 

homeowners. The psychological burden of decision-making is captured in the effect of non-monetary 

transaction costs or hassles. Hassles can come in the costs of time, effort, complexities, mess, nuisance 

and uncertainty, which can lead to inaction and delays. Therefore, it has been determined what is 

perceived as a hassle and to what extent it is a barrier in homeowners' decision-making process. 

Through the use of a literature review and interviews, five main hassles were determined which 

impact the decision-making: ‘length of disruption’, ‘information gathering’, ‘subsidy and loan 

applications’, ‘finding a contractor’ and ‘neighbour consultation’. Next their influence as a barrier has 

been examined through discrete choice modelling with the help of a stated-preference choice 

experiment. An online survey was distributed to Dutch homeowners through two sustainability 

newsletters and the social media of municipalities and a local political party. In addition, convenience 

sampling was used to boost the number of respondents. The survey, with 155 complete responses, 

examined the choices of homeowners between in six choice sets and required them to rate the 

amount of hassle of each alternative. 

The results of this study, for the first time, empirically validated that all five mentioned hassles 

negatively influence homeowners' decision-making. These influences are best modelled as one 

combined hassle factor, which explains how much hassle a homeowner sees. This combined factor is 

perceived as more important than the financial profit a homeowner receives over the lifetime of a 

heat pump, when traded off against each other. Additionally, a latent class analysis was performed, 

which found significantly different preferences between two groups of homeowners within the 

sample. The vast majority is in the first group (81%) and indicated that they prefer a minimal amount 

of each of the different individual hassles and prefer a large amount of profit. The second group is 

considerably less sensitive about both aspects. However, high standard errors heavily affect the 

second group parameter estimates. The determination of the two groups via socio-demographics or 

dwelling characteristics provided no additional insights. 

Additional results showed that how much hassle a homeowner perceives is not solely influenced by 

the five main hassle factors. The amount of ‘profit’ decreases the overall amount of hassle 

homeowners see, indicating that context is important for a homeowner. Looking more closely at the 

perceptions of hassle, differences between conscious and unconscious perceptions can be found. 

Situational cues can unconsciously affect the relative importance of hassles, making the perceived 

hassle of a choice possibly different than considered consciously. 

The findings of this research show that reducing the five main hassles can be used to speed up the 

adoption process of heat pumps. Policymakers and businesses can perform interventions to decrease 

hassle or provide even ‘hassle-free’ alternatives by taking over tasks. The appropriateness of these 

interventions should be based on the derived willingness to accept values created via the parameter 
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estimates. These values indicate how much a homeowner is willing to accept for an increase in hassle 

and can be used the other way around to show the approximate range a homeowner is willing to pay 

for a decrease in hassle. The use of context differentiations can be used as an additional tool via 

nudging and sludging to decrease or increase the perceived amount of hassle of choices. However, it 

must be underlined that the differences between the conscious and unconscious perceptions of hassle 

by homeowners can give unexpected results of interventions. 

This research's overall value provides a better understanding of a barrier rarely considered in 

homeowners' decision-making. From a societal perspective, these insights can be used to achieve a 

wanted transition and contribute to reducing the adversities of climate change. Cost-effective 

interventions, based on the willingness to accept values, can create additional economic impact for 

businesses.  

The findings of this research are subjected to limitations, which can give inaccurate values of hassle 

on the overall population compared to the sample population used. Additional research can address 

this limitation by using a representativeness sample and can, based on the hassle-sensitiveness of 

homeowners, determine effective interventions considering homeowners' context and timing.  
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1. Introduction 

This chapter provides general information on the problem which this study addresses. It describes 

background information, the problem itself and its knowledge gaps. Several research questions were 

composed of scientific and societal relevance. Lastly, the outline of this study is mentioned. 

1.1. Background 

The European Commission wants to reduce greenhouse gas emissions by 55% in 2030 compared to 

1990 to reach climate neutrality by 2050 (European Commission, 2020). To comply with this target, 

the Dutch government has set a goal to achieve a 95% CO2 emission reduction by 2050 (Government 

of the Netherlands, 2019). Residential buildings are roughly responsible for 9% of these CO2 emissions 

due to their energy demands (Jansma et al., 2020). The residential sector is thus also an essential part 

in the energy transition of the Dutch government. Almost 90% of the current residential buildings are 

connected to the natural gas grid, whereas heating accounts for two-thirds of their energy demand 

(Jansma et al., 2020; Tigchelaar, van Lidth de Jeude, et al., 2019). This natural gas dependency resulted 

from a lock-in in the residential sector due to the country’s large natural gas reserves in the gas field 

of Slochteren, in the province of Groningen. The gas extraction became problematic as the population 

of Groningen experienced seismic activities and as a result had damaged buildings (Boersema, 2021). 

This untenable situation made the topic of stepping away from natural gas more important. 

Internationally, natural gas prices increased due to decreased Russian gas supply, because of the war 

in Ukraine. On top of that, the European Commission launched its climate change strategy, the Green 

Deal, for reducing CO2 emissions. All these aspects together increased the importance and urgency of 

lowering natural gas consumption. Therefore, the Dutch government ordered every municipality to 

make a specific plan for each neighbourhood to become independent of natural gas (RVO, 2021). This 

alignment meant stepping away from natural gas heating and moving toward sustainable heating to 

achieve the Dutch energy goals. 

One of the main solutions proposed to go to a sustainable residential heating system is based on heat 

pumps (RVO, 2017). Heat pumps are heating systems that can heat air and/or water. Different heat 

pumps exist, but the three main types of heat pumps in the Netherlands are all-electric heat pumps, 

ventilation heat pumps and hybrid heat pumps. These heat pumps use electricity and temperature 

differences in the air, ground or water to heat homes. While a hybrid heat pump additionally uses 

natural gas. For this reason, a hybrid heat pump also needs a gas boiler to heat a home. Natural gas 

boilers are very common in the Netherlands, making hybrid heat pumps a suitable transition step to 

complete natural gas independence. Similarly, ventilation heat pumps also need an additional 

component to heat a complete house (Milieu Centraal, n.d.). A connection to a heat network or 

electric heater would provide this extra required capacity for ventilation heat pumps. Generally, a 

house should be well insulated to provide sufficient levels of comfort and not need additional heat. 

This insulation necessity is hence especially valid for all-electric heat pumps (Kieft et al., 2021). 

However, for simplicity reasons, this research assumes no differences between any of the heat pump 

alternatives. 

1.2. Problem definition 

The envisioned goal of the Netherlands requires a transformation of all houses containing natural gas 

heating systems into alternatives such as heating by heat pumps. Homeowners in the owner-occupied 

sector, which are more than half of the total housing sector (CBS, 2021d), are responsible themselves 

for performing this task. However, large parts of the housing sector still have an average heating 

profile of level ‘C’, ranging from A to G, with A being the most energy efficient and G the least energy 
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efficient (Calcasa, 2021; van Dijke, 2019). For the use of a heat pump, it is recommended to have an 

energy label of at least class ‘B’ or higher (Kieft et al., 2021). However, it is expected that the 

renovation rates are not sufficient to meet the predetermined goals (NOS, 2017). So, to increase these 

numbers, the Dutch government has implemented several interventions such as subsidy schemes 

(NOS, 2022) and announced the mandatory need from 2026 onwards for new heating systems to be 

a hybrid heat pump or a more sustainable alternative (Geurts, 2022). 

Looking at the reason for the initial lack in uptake, are households aside from a technical change, also 

susceptible to various non-technical aspects related to the adoption of energy efficiency renovations 

(EER’s). Hence, these renovations are not only a technical challenge but also a financial and social 

challenge (Jansma et al., 2020; López Rodríguez et al., 2021). Such as high investment costs, unsuitable 

policy targets and lack of information for households (Du et al., 2022; Tigchelaar, van Lidth de Jeude, 

et al., 2019). Several scientific articles and reports, therefore, focus on these drivers and barriers of 

homeowners for carrying out EER’s (Du et al., 2022; Ebrahimigharehbaghi et al., 2021; Koning et al., 

2020; Stieß & Dunkelberg, 2013; Voskuyl, 2021; Wilson et al., 2015). The use of natural gas for other 

purposes, such as cooking, is considered not part of this research. 

So, aside from the often mentioned technical, financial, institutional and informational barriers for 

adopting EER’s in scientific literature, are behavioural biases or psychological barriers mentioned to a 

lesser extent. Psychological barriers hinder the adoption of EER as well, as it might question (the effort 

of) the decision-making (de Vries et al., 2020). Examples include uncertainty, unawareness, lack of 

trust, habits and a negative attitude towards the heat transition (Drysdale et al., 2019; Jansma et al., 

2020; López Rodríguez et al., 2021; Nava-Guerrero et al., 2022; Verplanken & Whitmarsh, 2021). All 

these barriers make it challenging for municipalities to execute their established visions and programs. 

Hence, the heat transition in the Netherlands is considered a complex transformation as homeowners' 

decision-making is influenced by the interactions between actors, technologies and institutions while 

taking into account multiple criteria simultaneously, such as path dependency and perspectives of 

homeowners (Nava Guerrero et al., 2019). Understanding this decision-making process can help speed 

up the heat transition as interventions can be tailor-made to address, overcome or decrease specific 

barriers. 

1.3. Knowledge gap 

Efforts to understand this decision-making of homeowners often make use of models to capture this 

process, such as (differentiations of) Rogers’ model of the Innovation Decision Process (Broers et al., 

2019; Du et al., 2022; Klockner & Nayum, 2016; Pettifor et al., 2015; Rogers, 2003; Sanguinetti et al., 

2021; Wilson et al., 2018) or the CODEC model in Tigchelaar et al. (2019). The psychological burden of 

decision-making is captured in these models via transaction costs, which shows that decision-making 

costs play a role in the heat transition and are inevitable (Ebrahimigharehbaghi et al., 2020). 

Cost in the form of time, effort, complexities in doing renovations, mess and nuisance, and 

uncertainties can (collectively) feel like a barrier (de Vries et al., 2020). These non-monetary 

transaction costs or hassles, as they are sometimes called, can be an important reason for the low 

uptake of EER’s or heat pumps (Snape et al., 2015). 

The unclarity regarding hassle relates to which barriers are actually involved in sustainable heating 

adoption. Hassle is often coupled with inconvenience, and therefore multiple reports started to use 

this term for implementation problems regarding EER (de Vries & Kooger, 2020; DECC, 2013; Jansma 

et al., 2020; Koning et al., 2020; Snape et al., 2015; Voskuyl, 2021). The subjectivity what is 

inconvenient for someone, also impacts hassle. It can be unclear when something is generally 
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perceived as complex or annoying. The empirical evidence towards what, in general, is perceived as 

hassle is missing, as only limited research towards specific hassle components has been performed. 

Additionally, due to the subjective nature of hassle, quantitative research would be helpful to gain 

insights into not only what individuals perceive as hassles but also if there are differences between 

subgroups. For example, highly educated people perceive knowledge and implementation differently 

than less-educated groups (Broers et al., 2019). 

So, the influence of hassle on an individual’s choice to implement an EER or heat pump is mainly 

unknown. The complex nature of decision-making makes it difficult to understand an individual’s 

decision-making process and the effect of certain specific barriers. A modelling approach to observe 

these influences seems highly appropriate in order to see what affects homeowners’ decision-making. 

However, the effect of a hassle factor is rarely modelled and the influence of different hassle factors 

has not yet been part of modelling studies about the decision-making process of homeowners at all, 

as reviews have shown (Du et al., 2022; Friege & Chappin, 2014; Hesselink & Chappin, 2019; 

Stadelmann, 2017). The insights of the influences of hassles towards heat pump adoption are 

considered highly relevant due to the importance of heat pumps in the Dutch heat transition and the 

expected consequences of hassle. In other words, there is a knowledge gap about what the hassle 

factor consists of and to what extent it affects the decision-making process of homeowners to adopt 

a heat pump. 

1.4. Research question 

Therefore, the main research question of this thesis or research is: “Which hassle factors are a barrier 

for Dutch homeowners to adopt a heat pump and to what extent do these factors influence 

homeowners’ decision-making?”  

This question addresses which hassle factors affect a homeowner’s decision-making to adopt a heat 

pump and the severity of these factors. This finding possibly creates insights into ways to accelerate 

the Dutch heat transition. 

The following sub-questions are constructed based on the main research question: 

1. Which hassle factors influence homeowners’ adoption of heat pumps? 

2. How are hassle factors perceived by Dutch homeowners when adopting a heat pump? 

3. How are hassle factors traded off by Dutch homeowners? 

4. Which differences among homeowners can be identified based on how they trade off hassle 

factors? 

1.5. Scientific, societal and master program relevance 

Understanding the unknown effect of hassle on the decision-making process poses a great insight into 

all the related barriers towards heat pump adoption. Empirical analysis of the role of the hassle factor 

in heat pump adoption in the Netherlands is a first identification step toward the influence of this 

psychological barrier in the heat transition in general. This case-specific identification gives evidence 

for the variation in perceptions about barriers to the heat transition, which may vary among 

(sub)groups or countries and is, therefore, important (Li et al., 2018). 

From a societal perspective, this research gives insight into a barrier rarely considered for accelerating 

the heat transition. Policy recommendations based on this aspect can help determine new ways to 

stimulate homeowners’ behaviour towards sustainable heat alternatives, which consequentially 

decreases the adversities of climate change. The knowledge about people’s trade-offs can help 

policymakers and businesses make use of someone’s value of time for specific (hassle-free) 
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alternatives. The determination of this value can justify interventions to also reach certain hard-to-

convince groups in an effort to transform the whole of the Dutch residential heat sector. 

Simultaneously, it provides an additional economic impact for businesses. 

The master Complex Systems Engineering and Management (CoSEM) corresponds to the objective of 

this study, as the Dutch heating system can be seen as a complex socio-technical system. Decision-

making and policymaking are influenced in the heat transition by the many interactions between 

actors, technologies and institutions (Nava Guerrero et al., 2019). Therefore, analysing the hassle 

aspect will show the effect of human psychological behaviour as a barrier to the intended system 

change. The provided analysis creates input for the design of business and policy recommendations 

as potential intervention mechanisms. 

1.6. Report structure 

Chapter 2 will focus on the research methodology that uses discrete choice modelling to answer the 

research questions. In chapter 3, a literature review explores the aspects of hassle from a literature 

perspective. The design of the choice experiment is explained in chapter 4, based on the conceptual 

model described at the beginning of this chapter. The preparation steps of the data and the data 

descriptives are reported in chapter 5. Chapter 6 addresses the different models used to explain the 

data. These insights are evaluated and discussed in chapter 7, where limitations and 

recommendations are outlined. The final conclusions of this report are stated in chapter 8. 
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2. Methodology 

This chapter introduces the research approach used to answer the main research question. The main 

approach is argued for in section 2.1. Subsequently, the different research methods are described and 

explained how and why they were implemented. 

2.1. Choice modelling 

A choice modelling approach has been applied to understand homeowners' decision-making 

behaviour when adopting a heat pump, as mentioned in chapter 1.3 that a modelling approach was 

deemed highly appropriate. Choice models can be used to determine and explain choices made by an 

individual when presented with two or more alternatives (Train, 2009). 

Discrete choice models (DCM) can mathematically model this choice behaviour of homeowners to 

describe and explain decisions, using someone’s individual trade-offs between alternatives. A 

homeowner can be faced with a choice between different heat pumps, which differ in their adoption 

process. The model then analyses a possible causal relationship to see how different attributes, or 

hassles, in this case, affect a person’s choice to adopt a heat pump. Based on these insights, a group's 

decision-making behaviour can be predicted. This causal relationship makes DCM very suitable for 

identifying barriers and drivers, and is often used in the research field of energy technology adoption 

(Du et al., 2022). For example, DCM are widely applied to express household preferences for aspects 

in EER’s (Wilson et al., 2015). However, there have been only a few preliminary attempts to see the 

effects of an individual hassle factor (Meles et al., 2022; Schleich et al., 2022; Voskuyl, 2021). These 

attempts mainly focused on the installation time only and not on Dutch homeowners’ adoption of 

heat pumps. 

2.2. Identification through a literature review 

As hassle factors are rarely researched in modelling studies, the influence of hassle in the decision-

making process is analysed in more detail. It has been shown that a literature review provides a good 

way to create an overview of the existing literature (Webster & Watson, 2002). Therefore, a literature 

review was used to analyse the aspects related to homeowners' decision-making regarding hassles. A 

collection of different hassle factors in this decision-making process has also been identified based on 

scientific articles collected through a structured literature review. The structured literature review was 

extended from hassle factors for heat pump adoption to the search for hassle factors in energy 

efficiency renovations or heating technologies due to the limited number of articles for heat pumps 

only. 

The search for scientific articles is performed with the search engine Scopus. By searching through the 

title, abstract and keywords of articles in the English language, 47 articles were found using the 

following Boolean operator: TITLE-ABS-KEY(("homeowner" OR "resident" OR "household" OR 

("domestic" AND "consumer")) AND ("heating" OR ("energy" AND "efficiency") OR "heat" OR 

"thermal") AND (("decision" AND "making" AND "barrier") OR "hassle")). After selection on suitability, 

16 articles were found to mention a hassle factor and identify them as a barrier. Next to the 

identification of hassle factors are the articles also examined for covariates which could influence 

these hassle factors. 

2.3. Identification through interviews 

The selection of the most relevant hassle factors and variables was performed and validated for heat 

pumps by conducting semi-structured interviews. The results of these interviews were based on the 
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answers to specific questions regarding the relevant factors identified in the literature review and by 

asking follow-up questions. After contacting several experts, two experts agreed to be interviewed, 

who either focused on the decision-making of household EER’s or their implementation process. These 

experts from TNO and Klimaatroute, respectively, provided additional insights into this topic of hassle, 

specifically concerning heat pumps. The choice of two experts with different areas of expertise is 

based to decrease the chance of finding biased results. Both interviews lasted roughly 45 minutes and 

were summarized after completion. The summaries were approved by their corresponding actor and 

are listed in appendix A. 

2.4. Stated or revealed preference data 

After identifying the most influential hassle factors, homeowners’ preferences towards alternatives 

and attributes will be modelled with a stated preference DCM. The empirical data of DCM can be 

categorised into revealed preference or stated preference data (Train, 2009). Revealed preference 

provides data regarding one actual choice in real life, while stated preferences are hypothetical 

situations.  

Revealed preference data can be collected by observation or by asking respondents which choices 

were made. This data type has a high validity as the choices are actually made. However, revealed 

data can potentially have multicollinearity or an endogeneity bias, which decreases the models' 

validity. Here correlation between independent variables occurs (multicollinearity), or there is a 

correlation between independent variables and the error term (endogeneity bias). Stated preference 

data can be designed to overcome both problems (Helveston et al., 2018). In that case, the researcher 

makes hypothetical choice sets, including a complete range of attribute levels that might not be in the 

current range of revealed preference data. For example, one could create a choice set with an 

extremely cheap heat pump with much hassle and an expensive alternative with limited hassle. In 

stated preference data, the participant can also make multiple choices, reducing the number of 

needed participants to gain statistically significant parameters.  

Due to the required time extensity for a search of revealed preference data, it is considered less 

suitable for the purpose of this research. Stated preference data is, therefore, chosen as more 

appropriate. Nevertheless, it should be considered that the main drawback of stated preference data 

is that the participants might respond differently than they would in real life due to its hypothetical 

nature (Haghani et al., 2021). The reason can be that choices are not felt; they do not want to give or 

know their real preference and do not have access to perfect information. For these reasons, the 

external validity of stated preference data is lower than revealed preference data. However, several 

hypothetical bias mitigation strategies are used to improve the external validity, see chapter 4.5.2. 

2.5. Discrete choice modelling 

The most dominant decision-making rule for DCM is Random Utility Maximisation (RUM), hence also 

applied in this study. RUM theory assumes that a person chooses the alternative with the highest total 

utility. Each attribute of that alternative contributes some level of satisfaction for the decision-maker. 

The alternative with this highest summated satisfaction or utility will be someone’s choice (Train, 

2009). 

The chosen types of discrete choice models and most common ones are multinomial logit (MNL) 

models. The mathematical formula is given in equation (1). An MNL model assumes that the utility of 

a specific alternative is independent of other alternatives and that everyone has the same preferences 

resulting in the same parameters for all individuals. The error term captures differences in choices due 

to the randomness of people’s choices, unobserved attributes, measurement errors, and taste 
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heterogeneity. However, an MNL model can not explain these errors. The model estimations are done 

in Apollo, a package of the software RStudio. 

(1) 

𝑈𝑖 = 𝑉𝑖 + 𝜀𝑖 = ∑ 𝛽𝑚 ∗ 𝑥𝑖𝑚
𝑚

+ 𝜀𝑖  

Where: 

𝑖 = the alternative, i.e. choice A, choice B 

𝑚 = the attribute, i.e. profit, information gathering 

𝑈𝑖 = the utility of alternative i 

𝑉𝑖 = the systematic utility of alternative i 

𝜀𝑖 = the unobserved utility of alternative i (error term) 

𝛽𝑚 = the attribute weight for attribute m in alternative i 

𝑥𝑖𝑚 = the attribute level of attribute m in alternative i 

2.6. Latent class analysis  

Taste heterogeneity are differences in preferences towards attributes. Multiple parameters for an 

attribute show different preferences for groups within the sample. The identification of those groups 

is useful to see if some homeowners react differently to hassle factors than others and if interventions 

are needed to target specific groups to reach higher adoption levels.  

A Latent Class Analysis (LCA) can explain this taste heterogeneity by finding homogenous clusters of 

homeowners within the sample (Vermunt & Magidson, 2002). This used analysis applies a latent class 

model to see if differences in parameter estimates can be found. Then it creates clusters based on 

these differences and uses exogenous variables or covariates to predict and describe the cluster 

membership of homeowners (Vermunt & Magidson, 2002). Examples of possible covariates are age, 

income and house size. Such covariates can be either active (predictor) variables or inactive 

(describing) variables. This analysis provides a useful method to see how differences in hassle-

sensitiveness can influence decision-making. Compared to other models, such as mixed logit (ML) 

models, is the benefit of a latent class model that it explains taste heterogeneity rather than just 

capturing it. 

By estimating parsimony models, it is tried to estimate the most taste heterogeneity with the least 

amount of clusters (Vermunt & Magidson, 2002). As more parameters or clusters can always explain 

more taste heterogeneity. For the estimation of the model fit and the most appropriate number of 

classes, the Bayesian Information Criterion (BIC) is used. BIC values allow a more direct visual 

comparison than the Ben-Akiva and Swait tests or Likelihood Ratio Statistics (LRS). Additionally, the 

LRS is not appropriate for non-nested models. A lower BIC value indicates that the data is better 

described with a minimal number of indicators. The formula is given in equation (2). The LCA is 

performed with the software LatentGold. 

(2) 

𝐵𝐼𝐶 =  −2 ∗ 𝐿𝐿𝐹𝑖𝑛𝑎𝑙 + 𝑘 ∗ ln (𝑛) 
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Where: 

𝐿𝐿𝐹𝑖𝑛𝑎𝑙 = the Log-Likelihood of the estimated model  

𝑘 = the amount of parameters 

𝑛 = the number of observations  
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3. Literature review 

In this chapter, a literature review is provided to explore the effect of hassle on decision-making and 

determine which aspects can be considered a hassle. Additionally, it is examined if perceptions of 

hassle can be influenced. 

3.1. Rational choices 

Rational choice theory assumes that rational decision-makers base their decisions on the costs 

compared to their benefits in order to make choices that will provide them with the greatest benefits 

(Heiner, 1983; Zey, 2015). These perceived benefits portray someone’s ‘true’ preferences, which are 

assumed to be fixed for individuals (Lecouteux, 2016). The decision of heat pump adoption can thus 

be driven by economic benefits and environmental or social preferences, for example. A way to make 

a comparison between the costs and benefits of an investment can be with the help of a cost-benefit 

analysis (CBA). It involves making a list of all costs and benefits and putting them in a monetary term 

for comparison, while allowing money to be discounted over time to take into account inflation and 

missed interest. The discount rate can thus be seen as the perceived monetary value of an investment 

(Hesselink & Chappin, 2019). Together with the similar term, the willingness to pay, which indicates 

the maximum amount a consumer is willing to pay for a product, service or benefit, it helps to compare 

all the related factors in monetary terms. These tools are highly used in the economic principle of 

maximising utility, by considering all information in order to make the best choice considering rational 

thinking (Lecouteux, 2016). This rationality can be captured with the term ‘Homo Economicus’, that 

originates from the neoclassical economic theory and models such as the CBA. 

3.2. Irrational choices 

Refraining from a heat pump in the case of a negative CBA would seem rational. However, refraining 

from such an investment, even if it would result in net monetary savings and thus a personal economic 

optimal situation, would be considered irrational thinking (Hünecke et al., 2019). Failing to behave in 

someone’s own best interest by not purchasing a more energy-efficient heating system creates the 

energy efficiency gap (Stadelmann, 2017). This energy efficiency gap is thus the difference between 

the technical and economic potential against actual market adoption (Wilson et al., 2015).  

An example related to heat pumps will be if a person says his name is Jonas would not adopt a heat 

pump even though he found out that the purchasing and instalment of a heat pump would result in 

profit for him personally over the lifetime of the heat pump, compared to a new version of his old 

heating system. A reason can be that Jonas does not know someone who can install a heat pump for 

him. The amount of effort it will take Jonas to search for contractors, call them and make them create 

invoices is too high for him compared to what he receives for profit due to the installation. Jonas works 

at a full-time job and does not want to spend his free time arranging a heat pump. He prefers to spend 

it at the beach with his girlfriend. Jonas’ personal discount rate for his free time is high in this example. 

He prefers to spend it at the beach, not arranging a heat pump. Jonas' discount rate is thus higher 

than the average rational thinking person’s discount rate.  

Such a high personal discount rate or implicit discount rate can make a CBA turn from a positive to a 

negative result. Consequentially these rates lead to the choice not to adopt an investment. These 

implicit discount rates and/or high personal willingness to pay values are indicators of the existence 

of the energy efficiency gap (Stadelmann, 2017). Kelly et al. (2016) argue that implicit discount rates 

can lay from 10% if costs for loans are included to 30% if all other barriers are included, compared to 

the standard discount rate of around 5%. Therefore, implicit discount rates and personal willingness 
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to pay estimates influence the energy efficiency gap (Schleich et al., 2016; Streimikiene & Balezentis, 

2020). 

3.3. Behavioural biases 

Decision-makers can thus be influenced by other non-monetary drivers and barriers related to 

investments: 1) preferences such as time and risk; 2) external barriers such as split incentives, lack of 

capital and information; 3) (ir)rational behaviour such as behavioural biases and bounded rationality  

(Hesselink & Chappin, 2019; Schleich et al., 2016). These aspects are deviations from the rational 

acting Homo Economicus and are more similar to the Homo Psychologicus, which also makes decisions 

based on the above-mentioned influences and is proposed to be a more realistic view of a decision-

maker (Lecouteux, 2016; Schillemans & de Vries, 2016). Behavioural biases and bounded rationality 

are advocated by Herbert Simon, one of the first who claimed that people are influenced by certain 

(self-)imposed constraints and that people act based on certain heuristics (Simon, 1955). In the case 

of our example of Jonas, this would be the constraint of minimising the brain capacity and total 

spending time as he prefers going to the beach more than deciding about heat pumps. This irrational 

behaviour is not necessarily something negative, as it reduces endless working on activities and can 

even be functional in some cases. Such as walking in a dark alley at night might be less wise, although 

it is the fastest route. However, in the context of making decisions about heat pump adoption, it is 

considered irrational to act based on these psychological barriers, which not necessarily means 

illogical in a wider context. 

This irrational behaviour of preferring short-term costs over long-term costs, hence, having a bias 

toward the present and neglecting future costs, can be argued as a lack of self-control (Lades et al., 

2021; Lecouteux, 2016). In this case, cognitive dissonance (i.e. short-term preferences clash with long-

term preferences) repeatedly creates a mental free pass to do the hassles later. This endless delay is 

also called the intention-behaviour gap. It is debatable if these short-term preferences are always 

more important than the long-term preference for heating, as the long-term benefits of heating 

should not be persistently underestimated for our well-being. It can be seen as consistently 

maximising the "wrong" utility function, as someone's true preference is rarely going to the beach 

every day and having no heating at all. Therefore, behavioural economics try to include these factors 

such as emotions, beliefs and cognitive biases to understand how decision-makers actually act instead 

of how they should act (Thaler & Mullainathan, n.d.). 

3.4. A different look at decision-making 

In short, the widespread adoption of heat pumps is lacking due to an energy efficiency gap influenced 

by behavioural aspects that are not included in traditional economic models, which focus solely on 

costs and benefits. Behavioural aspects are very complex due to the involvement of individuals and 

their context, which can be a reason why they are often overlooked and underdeveloped in literature 

(Azizi et al., 2019; Ebrahimigharehbaghi et al., 2022; Gillingham & Palmer, 2014; Huijts et al., 2012). 

Homeowners act or decide based on their non-standard beliefs and preferences and let 

(unconsciously) psychological barriers, behavioural biases and heuristics influence their decision 

(Gifford, 2011; Hoffman & Henn, 2008; Kelly et al., 2016). These behavioural aspects consequently 

increase implicit discount rates, loss-aversion and non-rational views, leading to delay and inaction 

toward heat pump adoption. 

Lastly, an additional example of non-rational behaviour in the eyes of neoclassical economics is given. 

Someone, let's call him Jakob, possesses a natural gas boiler which he noticed after a cold shower that 

it is broken down. He calls up his current mechanic, who is also an installer for heating systems, and 



11 
 

asks if they can install a new heating system. The mechanic replies that this is no problem and asks 

what kind of heating system he wants. Jakob is not aware of current heating systems, nor is he 

interested in being updated. Therefore, Jakob mentions that his broken natural gas boiler was working 

well during its lifetime and asks for the same one of a newer model and when they would be able to 

install it. The mechanic comes the next day and installs a new natural gas boiler. Jakob did not have 

perfect information as he was unaware of the different possibilities and aspects such as costs, noise 

or size of the different options. He pursued the decision that involved minimum risks as he knew how 

his last boiler was working and maximised the preference of minimal hassle by comparing models and 

waiting for an instalment. This model might have cost him some extra money as other models that 

were just as good might be cheaper and/or better performing. This example illustrates that one can 

pursue a decision that involves minimum risks and complications instead of focusing on maximising 

all his preferences. This theory is called satisficing and is a combination of satisfying certain 

preferences and sufficing in others instead of maximising all preferences. Simon (1956) explains this 

as a decision-making strategy that aims for adequate results given someone's cognitive limitations. 

3.5. Transaction costs and hassles 

Of all the energy retrofit barriers, financial barriers are regarded as the most important ones. 

However, transaction costs are rated the second most important category of barriers to the energy 

retrofitting process. These transaction costs describe the cost of going through the decision-making 

process and can be subjected to subjective interpretation in the case of a non-monetary value 

(Ebrahimigharehbaghi, 2022). Therefore, non-monetary transaction costs are important in the energy 

retrofitting decision-making process. However, they are regularly mentioned as overlooked or 

understudied for homeowners (Ebrahimigharehbaghi et al., 2020; Hünecke et al., 2019; Lades et al., 

2021), possibly as they are not considered in a CBA. Hence non-monetary transaction costs, what will 

be called hassle factors from now on, create sub-optimal decisions and resource allocation when 

neglected (Ebrahimigharehbaghi et al., 2020).  

3.5.1. Hassle during heat pump adoption 

Hassle factors are inevitable and unpredictable by nature, these practical problems can be perceived 

as irritating, frustrating and distressing (de Vries et al., 2020; Ebrahimigharehbaghi et al., 2020; Kanner 

et al., 1981). When looking at the decision-making process of heat pumps, several hassle factors can 

be found when using Ebrahimigharehbaghi et al. (2020) model for transaction costs during phases in 

the energy renovations process, see Figure 1. 

In the considering phase, searching for reliable information can pose a barrier when determining a 

certain heat pump's costs and benefits. The differences in the variety of heat pumps in combination 

with specific home elements can create difficulties in determining visibility and cost-effectiveness. 

These stressing aspects can continue in the planning phase when the process needs to be understood 

and planned for, as it is often perceived as complex as found by de Vries et al. (2020). In the decision 

phase, searching for a suitable and available contractor can provide frustration. Not everyone knows 

someone capable of installing a heat pump, while additional constraints such as time planning and 

trust can make this search more complicated. Typically, no permits need to be requested for heat 

pumps, but the availability of subsidies or loans for heat pumps can provide problems (Rovers et al., 

2021). In the execution phase of Ebrahimigharehbaghi et al. (2020) model, the mess, nuisance and 

‘uncertainty of about the performance of the installer’ can provide hassle. Additional next steps in the 

experiencing phase can provide new hassles again.  
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A tendency to postpone these effortful tasks can be considered not uncommon, as signs such as 

procrastinating, overconfidence and inertia show a present bias for effort (i.e. people postponing an 

effortful task to the future) (Lades et al., 2021; Sunstein, 2020). This present bias for effort could lead 

to an intention-behaviour gap, where behaviour does not correspond with the already determined 

intention to make the investment. These biases show that a perceived or anticipated hassle is also a 

psychological barrier (de Vries et al., 2020; Klockner & Nayum, 2016; Lades et al., 2021). Hassles are 

therefore related to psychological barriers such as biases and heuristics, and it is expected to be a 

large trigger for inaction or delays toward heat pump adoption. 

 

Figure 1. Transaction costs at the different stages of the decision-making process (Ebrahimigharehbaghi et al., 2020) 

3.6. Influencing the hassle factor 

Decreasing the energy efficiency gap could improve the sustainable heating sector's further increase, 

reducing the negative externalities associated with the current natural gas heating sector in the 

Netherlands. Monetary policies alone do not solve the energy efficiency gap, as psychological barriers, 

such as hassles, are important determinants in the decision-making process. Ossokina et al. (2021) 
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showed that monetary incentives could provide an increased adoption to some extent, but not enough 

to convince every household to perform an energy retrofit. Therefore, non-monetary policies such as 

information provision and complexity reduction are also beneficial in decreasing the transaction costs 

of decision-making (Ebrahimigharehbaghi et al., 2020). Behavioural literature suggests that in order 

to reduce transaction costs and the influence of behavioural barriers to follow four main principles: 

"make it easy", "make it attractive", "make it social", and "make it timely" (Lades et al., 2021, p.5). 

Reducing transaction costs should thus not be focused on financially changing the choice but rather 

on minimising the biases and errors created due to bounded rationality. This approach, or libertarian 

paternalism, is a philosophy that the choice architecture (i.e. how choices are presented) can influence 

a decision based on playing with these behavioural biases. 

3.6.1. Nudge 

An application of libertarian paternalism can be nudging, manipulating a choice setting or context in 

a way that specific (pro-environmental) choices are more likely, while maintaining the freedom of 

choice (Gillingham et al., 2009; Thaler & Sunstein, 2009; Verplanken & Whitmarsh, 2021). Individuals 

often make opposing decisions that contradict preferred stated goals, such as the lack of sustainable 

heating adoption. Nudging can help overcome habits and psychological aspects by exploiting biases 

and preventing homeowners from making non-sustainable choices (Sunstein, 2020; Verplanken & 

Whitmarsh, 2021).  A rational decision-maker would ignore nudges in the context of heat pumps, as 

these changes do not influence the direct utility of the costs and benefits. However, choice architects, 

such as policymakers, governments and businesses, can use nudges as a (heuristic) tool to improve 

the performance (adoption) among irrational people (Sunstein, 2020).  

3.6.2. Sludge 

An alternative to nudging is sludging, which focuses on making the choice architecture in a form that 

leads to the experience of costs or friction (Shahab & Lades, 2021; Sunstein, 2020). Sludge is thus 

related to creating more friction for an alternative with negative externalities (Sunstein, 2020). These 

techniques (unintentionally) occur with the application of subsidies for heat pumps. People perceive 

these as unnecessarily complicated with all the different steps they must undergo (Kraan, 2022; 

Rovers et al., 2021). However, the degree of experienced hassle is subjective, as the perceived hassle 

of a task can be different for individuals (Shahab & Lades, 2021). Someone struggling with financial or 

other worries is subjected to a low bandwidth (Shafir & Mullainathan, 2013). Nudge and sludge can 

particularly strongly affect people with limited available attention or reduced cognitive functioning 

due to stress or other aspects (Sunstein, 2020). Therefore it should be applied with caution as it can 

even be perceived as manipulative and human un-dignifying if done untransparent (Schmidt & 

Engelen, 2020). Especially caution should be considered if performed on people with a biased mindset, 

such as a present bias, inertia to alternatives, or simply feeling overwhelmed by too many options 

(Lades et al., 2021; Sunstein, 2020). 

Additionally, policymakers' legitimacy needs to be open for discussion (Lecouteux, 2016). Do 

governments and policymakers know how to act in the best manner for their citizens? With nudging 

or sludging, a particular effect is stimulated, but decreasing the negative externalities of natural gas 

can also increase the negative externalities associated with heat pumps. Certain professions may 

become obsolete, or unwanted electricity grid reinforcement might be needed. Private and public 

organisations do not always understand the effect of nudge and sludge, so it requires careful 

consideration before applying (Schmidt & Engelen, 2020; Sunstein, 2020). 
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3.7. Hassle factors in scientific literature 

Based on the exploratory nature of this research regarding hassle a more in-depth structured 

literature review is performed, as explained in chapter 2.2. The hassle factor is rarely traced to specific 

factors in literature. This review aims to provide a better understanding of which barriers the hassle 

factor is composed of in the heat pump adoption process. See Table 1 for an overview of the found 

hassle factors. A cross sign in the table indicates that the factor is mentioned as a non-monetary 

transaction cost barrier in the decision-making process. Extra information about the reviewed papers 

is mentioned in appendix B. Chapter 4.3 provides additional argumentation if the found factors are 

applicable for heat pumps and fit the definition of hassle considered in this research. Based on this 

argumentation, the factors are selected for research in the stated choice experiment. 

Table 1. Potential hassle factor according to papers 

Where: 1). Meles et al. (2022); 2). Du et al. (2022); 3). Schleich et al. (2022); 4). Sanguinetti et al. (2021); 5). de Vries et al. 

(2020); 6). Ebrahimigharehbaghi et al. (2020); 7). Chen et al. (2019); 8). Azizi et al. (2019); 9). Ebrahimigharehbaghi et al. 

(2019); 10). Hesselink & Chappin (2019); 11). Klockner & Nayum (2016); 12). Snape et al. (2015); 13). Pettifor et al. (2015); 

14). Wilson et al. (2015); 15). Qiu et al. (2014); 16). Stieß & Dunkelberg (2013). 

Disruption of the household is often mentioned as an aspect that results in stress. With three 

exceptions, all papers of this review consider the inconveniences of a renovation as a barrier or hassle 

factor. The finding of this barrier is not uncommon, as intruding in someone's home or personal sphere 

can feel unpleased or even unwanted in general. The additional noise and mess can create agitation 

towards the process, especially for extended periods (Stieß & Dunkelberg, 2013). This household 

disturbance can even be distinguished between pre-renovation, during and after renovation. The 

hassle of clearing out a loft in advance or maintenance work on the heat pump afterwards is 

mentioned separately, as seen in Table 1. 

Managing and finding a reliable contractor can also be a difficult task to perform. In the Netherlands, 

a household must find a professional mechanic or contractor to perform a renovation or installation 

if it wants to be eligible for a subsidisation scheme, which saves money. It is therefore assumed that 

every household applies for this subsidy and hires a contractor. However, almost half of the articles in 

Table 1 mention managing and finding this contractor as a barrier. Reliable contractors who can 

Factors Literature  
Count 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Disruption of the 
household 

13 x  x x x x x x x  x x x x  x 

Finding reliable 
information 

10 
 

x 
 

x 
 

x x x x x x 
 

x x 
  

Difficult to find/ 
manage contractor 

8  x  x x x   x  x  x x   

Applying for 
money 

6 
  

x 
 

x x 
 

x x 
   

x 
   

Complex process 5      x  x x    x  x  

Not enough time 4  x    x x x         

Burden to make 
irreversible 

decision 

4      x   x     x x  

Permit application 4    x  x x  x        

Too complicated 
information 

3     x   x        x 

Clean up loft 2     x        x    

Maintenance 2 
   

x 
   

x  
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perform the intended tasks and have time to perform it are getting rare nowadays. Mechanics for 

specifically heat pumps in the Netherlands are scarce, resulting in increased waiting times 

(EenVandaag, 2022; NOS, 2017). Additionally, people have the constraint that they want to trust their 

contractor in performing his job (Ebrahimigharehbaghi et al., 2020; Sanguinetti et al., 2021). 

Households want the quality of the contractor's work to be sufficient and need to trust the contractor 

not to damage or steal objects, as some homeowners give their house keys to the contractor. This 

subjective interpretation of trust can unnecessarily hinder the search for contractors. 

Next to finding someone that can perform a renovation, the choice for the renovated aspects needs 

to be determined. Finding reliable and suitable information can be challenging due to the 

overwhelming amount of information on the internet and the lack of tailored information to specific 

housing conditions. Even direct information from contractors is sometimes considered unclear, as 

trust in their objectivity or expertise is not always existent (de Vries et al., 2020; Stieß & Dunkelberg, 

2013). Therefore, making choices in this process can also feel like a burden due to its complexity. Very 

similar to this complexity around considering all information, are the barriers of feeling the burden of 

making an irreversible decision and the potentially overwhelming complexity of the implementation 

process. 

Other factors are concerned with going through the application process for loans and subsidies. Not 

knowing how, where and what conditions apply to this money can be considered a hassle (DECC, 

2011). Specific information must be registered and collected beforehand, and the correct forms and 

funds must be found. Similarly, this applies to getting a permit application in the Netherlands, which 

is needed for extensive additional renovations combined with installing a heat pump. 

3.8. Hassle predictive covariates 

As hassle during the adoption of a heat pump potentially consists of multiple factors, as shown in 

Table 2, an extra identification step can be made towards exploring which factors are perceived as a 

hassle. However, this perception can differ among groups (Enpuls, 2018; Thijssen et al., 2020), as 

different contextual variables can be of an influence (Wilson et al., 2015). Reasons for a different 

perception of hassle could be similar to perceiving nudges and sludges differently, such as a 

susceptibility towards biases, heuristics or the presence of low bandwidth (Sunstein, 2020). Different 

heterogeneous groups can be based on socio-demographics, dwelling characteristics and attitudes, 

for example (Li et al., 2018; Meles et al., 2022; Schleich et al., 2022; Voskuyl, 2021). 

The influence of hassle factors among homeowners adopting a heat pump can differ, so all the papers 

in Table 1 are reviewed again to find socio-demographic and dwelling covariates that could potentially 

influence hassle. Table 2 and Table 3 provide an overview of all included socio-demographic and 

dwelling variables of the reviewed papers, respectively. Chapter 4.4 provides additional 

argumentation for selecting the covariates based on the expected applicability, similarity and the total 

number of covariates. For these reasons and the lack of use in scientific papers, no overview of 

different attitudes influencing decision-making is given. 

Table 2 shows that the socio-demographics: age, income, education, gender and household size are 

cited in half or more of all papers. This inclusion shows their potential information in the energy 

efficiency decision-making process. However, they are also more generic covariates. The remaining 

four factors: work situation, household composition, relation status and type of profession, are 

mentioned to a lesser extent. Potentially, partial information about a household's composition is 

reflected in the household size and somewhat in a person's relation status. The type of profession is 

only mentioned once in Sanguinetti et al. (2021). A reason for this could be the specific country, the 
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US, where self-instalment is more common than in the Netherlands. Someone’s work situation could 

be an indicator of the amount of free time a person has available for the process. 

Table 2. Socio-demographics that can influence decision-making, according to papers 

Covariates Literature  
Count 1 2 3 4 6 8 9 11 13 14 15 16 

Age 12 x x x x x x x x x x x x 

Income 11 x x x x x x x  x x x x 

Education 10 x x x 
 

x x x  x x x x 

Gender 9 x  x x  x x x x x  x 

Household size 8 x x 
 

x x 
 

x  
 

x x x 

Work situation 4  x    x  x  x   

Household composition 4 
    

x x x  x  
 

 

Relation status 2 
 

x 
  

 x   
 

 
 

 

Type of profession 1 
   

x  
 

  
 

 
 

 

Where: 1). Meles et al. (2022); 2). Du et al. (2022); 3). Schleich et al. (2022); 4). Sanguinetti et al. (2021); 6). 

Ebrahimigharehbaghi et al. (2020); 8). Azizi et al. (2019); 9). Ebrahimigharehbaghi et al. (2019); 11). Klockner & Nayum 

(2016); 13). Pettifor et al. (2015); 14). Wilson et al. (2015); 15). Qiu et al. (2014); 16). Stieß & Dunkelberg (2013). 

Table 3. Dwelling characteristics that can influence decision-making according to papers 

Covariates Literature  
Count 1 2 3 4 6 7 8 9 11 13 14 15 16 

Construction year 10 x x  x x x x x  x x  x 

House size 7 x x 
 

x 
 

x x  
  

x x 
 

Location 6 x x x   x     x x  

Years of residence 6 
 

x 
   

x x  
 

x x x 
 

Likely to move 6 
 

x 
  

x x x  
  

x x 
 

House type 6 x x   x x  x x     

Recent renovation 5  x    x x     x x 

Ownership type 3 x x         x   

Heating bill 3 x x 
     

 
   

x 
 

Current heating system 3 
  

x x 
   

 
  

x 
  

Age heating system 1 
   

x 
   

 
     

House price 1 
     

x 
 

 
     

Individual meter 1 
 

x 
     

 
     

Consider renovation 1 x             

Where: 1). Meles et al. (2022); 2). Du et al. (2022); 3). Schleich et al. (2022); 4). Sanguinetti et al. (2021); 6). 

Ebrahimigharehbaghi et al. (2020); 7). Chen et al. (2019); 8). Azizi et al. (2019); 9). Ebrahimigharehbaghi et al. (2019); 11). 

Klockner & Nayum (2016); 13). Pettifor et al. (2015); 14). Wilson et al. (2015); 15). Qiu et al. (2014); 16). Stieß & Dunkelberg 

(2013). 

There are some noticeable differences with the dwelling characterises included in the researched 

papers compared to the socio-demographic ones. Aside from construction year, these dwelling 

characteristics are less often cited in papers than generic variables such as age, gender and income. A 

difference among the papers can also be noted. Some papers look at a broad range of dwelling 

characterises while others only consider four or fewer variables. Researchers may not want to exhaust 

their study participants with too many questions. Additionally, it could also indicate that researchers 

indirectly assume that these variables do not play a role in explaining taste heterogeneity. The wide 
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variety of variables that are only rarely included in the researched paper hints toward such an 

explanation. 

Aspects of construction year, years of residence, likely to move, recent renovation, age of the heating 

system and if someone considers a renovation are all related to the timing of the renovation. A 

household is considered more prone to implement a heat pump when a triggering or salient event 

occurs (Klockner & Nayum, 2016; Snape et al., 2015; Voskuyl, 2021; Wilson et al., 2015). These events 

can be the change of household composition, aspects that get broken or are expected to break down 

in the foreseeable future and combining several adjustments at once. Other variables that try to 

understand the severity of the needed change, such as house size, house type, heating bill, and current 

heating system, indicate how much work needs to be done. If several aspects need to be addressed, 

a household might be more likely to adopt a combined renovation as the overall stress of these aspects 

is a triggering event. Further research on which salient events can provide such triggers is considered 

valuable for the heat transition but is outside of this research's scope due to time considerations.  
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4. Design of the survey 

A survey is developed to assess the perception of hassle and its effect on a choice. The main purpose 

of this survey is to perform a choice experiment, which is elaborated in chapter 4.1. In chapter 4.2, 

the conceptual model is explained on which the operationalisation of this choice experiment is based. 

The inclusion of the main attributes and covariables, respectively chapters 4.3 and 4.4, are based on 

the interviews' results. While in chapter 4.5, the operationalisation of the survey is described. Lastly, 

the applied distribution method is argued for. 

4.1. Choice experiment 

In chapter 2.1, the structured literature review provided an extensive overview for the attribute 

identification of hassle factors. Next to this, additional covariates were identified that could explain 

taste heterogeneity. This structured way provided a method to account for potential biases that a 

researcher might have about this topic and gave a wide range of attributes and covariables. This 

overview also gave a divergence step in understanding the aspects that create a homeowner's utility. 

However, this review did not result in an unambiguous answer which different hassle factors affect 

the adoption of heat pumps, as the articles found were not specific for heat pumps. However, in an 

attempt to not exhaust the respondents in the choice experiment by testing the complete range of 

found hassle factors and covariates, the use of two expert interviews provided a second divergence 

step. Too many questions about covariates or too many choices, for that matter, decrease the survey 

participation and completion rate. When the average time to completion goes up, the willingness to 

participate in the study decreases. Similarly, being cautious with the number of attributes in the choice 

experiment results in a coherent set of choices. It was further considered that possible low 

participation rates and understandability issues might pose a problem. The survey was therefore 

designed to be suited for almost all of its target audience without needing too much explanation. 

4.2. Conceptual model 

This study proposes a conceptual model based on an LCA and Hierarchical Information Integration 

(HII) theory as extensions of a standard stated choice experiment. The conceptual model explains how 

a homeowner's choice is determined and which (measured) factors influence this choice. Therefore, 

based on the literature, this model tries to understand how a utility consideration results in the choice 

of adopting or not adopting a heat pump. The conceptualisation of the model is shown in Figure 2, 

where the circles resemble the indirectly measured aspects and the squares are the directly measured 

aspects. In the most standard conceptualisation of a stated choice experiment, the attributes directly 

affect the expected utility of a decision, such as buying a heat pump.  

According to the RUM model, it is assumed that hassle is known by households and taken into account 

in the expected utility. This assumption is, to a certain degree, contradicting as hassles are not 

considered in a person's CBA but are expected to influence the behaviour of homeowners. Therefore, 

it is assumed that after a person’s CBA, they create an intention to act. However, hassles are an extra 

factor that comes after this intention creation (and during the creation of this CBA, by needing to 

search for information, for example), influencing the total utility of a homeowner. So, the extra mental 

step of going from an intention to the utility to a choice explains why hassles can be measured in this 

proposed conceptual model. This assumption is based on the fact that respondents in the choice 

experiment will be brought aware of the hassle, by stating them as an attribute. This priming makes it 

suitable to research the extent of the influence of hassles on utility. 
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Figure 2. The conceptualisation of the choice model 

4.2.1. Influence of covariates 

Based on the structured literature review, attributes, such as hassle factors, are expected not solely 

to influence a homeowner's utility. A latent class analysis finds different parameter estimates for the 

attributes. These classes can be based on covariables that can explain these classes and could 

therefore indirectly influence how someone interprets the (hassle) attributes. For example, a full-time 

employed homeowner might be less attracted to a choice that requires much research time as he is 

somewhat limited in his free time and cognitive bandwidth. 

Personal and dwelling variables are directly measurable aspects, such as age, gender and construction 

year. Measurable variables can be observed with one single survey question and are assumed to have 

no measurement error. Attitudes are less reliable measured through one question, so they are 

measured through multiple indicators. Indicators can be a series of preferences or opinions about 

several statements, measured through a Likert scale. A factor analysis is used to conjoin multiple 

indicators to one factor to retain a more reliable variable. An expected attitude regarding the decision 

to adopt a heat pump can be the degree someone is sustainable orientated, for example. Although no 

literature review was performed on attitudes that can influence the hassle sensitivity of homeowners, 

chapter 4.6 lists several questions regarding attitudes included in the survey based on expected 

sample biases due to the distribution method. 

4.2.2. Hierarchical Information Integration theory 

According to the HII theory, people are likely to group influential attributes into higher-order 

constructs when they are confronted with too many influential attributes. These many attributes 

make it confusing to compare them all with each other, so instead of attributes, higher-order 

constructs are compared. These higher-order constructs are created by trading off several attributes 

to form a specific construct evaluation. Therefore, a higher-order construct evaluation measures 

people’s perception of a group of attributes (Molin & Timmermans, 2009). In the context of heat pump 

adoption, such a higher-order construct evaluation can show if hassle, in general, influences decisions. 

This broader determination is useful as hassle in literature is grouped and framed as a combined stress 
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factor (de Vries et al., 2020). So, a hassle construct would show if hassle played a role and if the found 

attributes in literature are also seen as a hassle, affecting a respondent's choice when adopting a heat 

pump.  

The selected attributes can be tested to be part of a hassle factor or not by using this hassle construct. 

All individual hassle attributes are assumed to indirectly affect the choice to adopt a specific heat 

pump, as they affect the utility via the hassle construct evaluation. At the same time, the non-hassle 

attribute is assumed only to affect the utility of adopting a heat pump and not the hassle construct 

evaluation. An example would be that it is expected that the non-hassle attribute financial profit 

would not impact the degree of hassle in the hassle construct but would only directly impact the 

adoption choice. Therefore, to determine all the influences on the construct evaluation, a regression 

analysis helps to determine what homeowners perceive as a hassle. Secondly, an MNL model 

determines how the construct evaluation and (the remaining) attributes influence a homeowner's 

utility. These two analyses can be used to see if there is a difference between what respondents 

perceive as a hassle compared to how they trade off attributes. Respondents might perceive certain 

attribute levels as much hassle, but do not base their decision to adopt a heat pump on these aspects 

(or on hassle at all). This insight will show if respondents behave according to their perception of hassle 

or if a homeowner's choice is uncoupled from hassle. 

4.2.3. HII variants 

An HII application in the form of a single experiment with multiple questions is chosen to capture both 

the indirect effects and possibly also the direct effects of all attributes. The non-hassle attributes can 

directly affect the utility. However, the hassle attributes, besides their indirect effect, can also directly 

affect the utility. This extra direct effect is then not captured in the hassle construct evaluation. An 

example can be that people might perceive information gathering or discussions with people to be a 

reason for them to reconnect with certain friends and perceive it as a pleasant side aspect. Therefore, 

this extra effect is not captured in the hassle construct evaluation. The hassle attribute ‘information 

gathering’ can hence also have a direct non-hassle effect next to its indirect hassle effect. 

The explained conceptual model is extended based on influences from the HII variant developed by 

Bos et al. (2004). They used the fundamental choice attributes cost and time in their bridging 

experiment (i.e. the experiment where the different construct evaluations are compared) to trade off 

their choice constructs evaluation against costs and time. By doing so, they had the opportunity to 

determine the willingness to pay for a construct. Hence in a similar trend as Bos et al. (2004), all 

attributes, including those making up the hassle construct, are specified in costs and time. The 

willingness to pay for each attribute can show how much money people are willing to pay for a 

decrease in hassle. This insight is useful for creating interventions, as it can determine the 

effectiveness of interventions. Also, by creating objective indicators, the subjective interpretation of 

hassle is reduced. Using time indicators for hassles, as hassles are non-monetary, the effort of a 

particular hassle can be expressed. Time indicators make hassle less sensitive to subjective 

interpretation compared to mentioning hassles in, for example, Likert scales (Heine et al., 2002). While 

expressing all hassles in time also helps with comparison among each other. In order to calculate this 

willingness to pay or more specifically, the value of time, one attribute of the choice experiment needs 

to have a cost attribute (Streimikiene & Balezentis, 2020). As all hassle attributes are in time, one 

additional economic factor will be added for the monetary comparison. 
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4.3. Selected attributes 

In this section, the selected attributes for the choice experiment of this study are further explained. 

The attributes included both hassle factors and an economic factor to see how homeowners' decision-

making is driven. To further decrease the found hassle factors from Table 1, experts of TNO and 

Klimaatroute were interviewed. The selected attributes were chosen to fit the experimental nature of 

this research to empirically assess the rational or irrational behaviour of homeowners choosing to 

adopt a heat pump by maximising their utility. In addition, the terms were rephrased to support the 

clarity and understanding of the overall survey. 

4.3.1. Length disruption 

Household disruption is mentioned as a form of hassle in most articles from Table 1 and in both 

performed interviews. Several articles mention hassle as only one particular aspect, the disruption of 

a household (DECC, 2013; Snape et al., 2015). This disruption is a visible form of hassle, as it is very 

recognisable for people to have noise and mess during renovations (Koning et al., 2020). The 

installation of a heat pump is thus expected to cause unwanted disruptions in someone’s personal life. 

Additional complementary disruptions include cleaning up a loft in advance or afterwards. These 

disruptions would not have been needed if the installation would not have occurred. However, as this 

is a less conscious aspect than the disruption of the renovation itself (Klimaatroute, personal 

communication, April 13, 2022), household disruption and the hassle of cleaning up a specific room 

before or afterwards were combined into one factor in this research. To give the respondent of the 

choice-experiment a recognisable name, the term ‘length disruption’ is given, also to correspond with 

the unit of time. 

4.3.2. Finding reliable information 

Tailored information for a specific house, with its own characteristics, makes it challenging to find 

information for a suitable heating system (TNO, personal communication, April 7, 2022). Households 

do not base their decision solely on financial aspects but have to take into account many different 

elements, this search and the information can feel complicated and a hassle to perform (TNO, personal 

communication, April 7, 2022; de Vries et al., 2020; Nava-Guerrero et al., 2022). This process might be 

more complicated when someone has limited information on those aspects. So, if a household 

searches for a specific heat pump and potential extra insulation measures, different websites or 

contractors can advise different aspects (TNO, personal communication, April 7, 2022). Finding 

reliable information and understanding the (complicated) information are combined into one hassle 

factor and called ‘information gathering’ in the choice experiment of this study.  

4.3.3. Finding contractor 

The lack of suitable mechanics in the Netherlands poses a barrier to the nationwide adoption of 

sustainable heating (EenVandaag, 2022; NOS, 2017). This problem of finding a suitable contractor is 

found to be three-folded for the adoption of heat pumps. First, there is a lack of mechanics in the 

Netherlands, which makes their availability in the short term difficult. This availability can, for 

example, create a barrier for people who need a new heating system because their current heating 

system broke down. Additionally, due to the current global chip shortage, contractors find it more 

challenging to get a heat pump (Klimaatroute, personal communication, April 13, 2022). Secondly, 

there is the aspect of finding a contractor that can install a heat pump. Due to the current and past 

demand for natural gas boilers, some mechanics are currently still specialised only in natural gas 

boilers (Klimaatroute, personal communication, April 13, 2022; TNO, personal communication, April 

7, 2022). A heat pump is a technology which requires a different instalment procedure. Given the still 
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high demand for natural gas boilers up to now, not every mechanic is specialised in this yet or is willing 

to be trained for it. Thirdly, people might have additional constraints, such as finding a contractor or 

mechanic whom they perceive as trustworthy. Contractors might not always be supervised when 

installing a heat pump, which might make trustworthiness for certain homeowners an important 

additional constraint (Broers et al., 2019). Other constraints and hassles related to this aspect might 

be the contractor's price, availability and quality (Sanguinetti et al., 2021). The hassle of finding an 

available and suitable contractor (or mechanic) is thus included in the choice experiment. 

4.3.4. Subsidy and loan application 

Based on the literature review, applying for a subsidy and/or loan is expected to be a relevant barrier 

for homeowners wanting to buy a heat pump. It is assumed that every household purchasing a heat 

pump tries to apply for this subsidy. However, the complexity of Dutch subsidy schemes makes it 

difficult for households to fill in the right forms and submit the required documents to get approval 

(Kraan, 2022; Rovers et al., 2021). One indicator was the number of turned-down applications 

compared to the subsidy budget for 2021, which was not entirely used (Kraan, 2022; RVO, 2022). The 

additional hassle of receiving the subsidy after the complete installation of the heat pump increases 

the need for loans to finance the heat pump upfront (Klimaatroute, personal communication, April 

13, 2022). Depending on someone’s financial situation, this creates the additional need to request a 

(sustainability) loan. Various actors offer these sustainability loans, ranging from banks to 

municipalities (Ebrahimigharehbaghi et al., 2019). Therefore, the combined hassle of finding and 

applying for subsidies and loans is expected to be a barrier in the implementation process of heat 

pumps and is included in the choice experiment. 

4.3.5. Consultation neighbours 

An additional barrier mentioned during expert interviews is the noise disturbance that a heat pump 

might generate. Although this is also often an argument to frighten households, as an increased noise 

disturbance will decrease the comfort in their home (Klimaatroute, personal communication, April 13, 

2022). However, the noise levels of current heat pumps are greatly reduced (Klimaatroute, personal 

communication, April 13, 2022). So, it is assumed that households position the outdoor component of 

the heat pump (i.e. the one making the noise) to their liking so that their personal noise disturbance 

is negligible. However, this might not be the optimal location for their direct neighbours. Klockner & 

Nayum (2016) found that the need to coordinate with neighbours can pose as a barrier when 

performing an energy renovation, especially for terraced houses. The additionally needed renovations 

of installing a heat pump and the noise of the heat pump can thus provide irritations and/or lead to 

potential conflicts with neighbours (TNO, personal communication, April 7, 2022; Jansma et al., 2020). 

Alternatively, consultation with neighbours can also be comforting, as they might have additional tips 

due to their experiences in their (often) similar houses (Broers et al., 2019; Klimaatroute, personal 

communication, April 13, 2022). Therefore, the need to consult neighbours when performing the 

instalment is expected to influence the decision to adopt a heat pump. Due to the exploratory nature 

of this research, this factor is included as a potential hassle factor in this study. 

4.3.6. Financial profit 

Aside from the hassle attributes, which are expected to influence a homeowner's utility negatively, 

the choice experiment should also include positively influencing factors. This positively influencing 

factor helps a decision-maker feel the benefit of making a choice. The current most important drivers 

for an energy-efficient renovation are cost savings and increased comfort (Ebrahimigharehbaghi et al., 

2019; Klockner & Nayum, 2016). While in the future, this might change because of the obligated 
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installation of a heat pump or sustainable alternative (Geurts, 2022). As previously mentioned in 

chapter 4.2.3, an economic factor must be included in the choice experiment in order to determine 

the value of time indicators for hassles. So, the inclusion of the potential cost savings was chosen. By 

having this potential cost savings as an attribute, the rational economic behaviour of decision-makers 

can be tested. The term ‘cost savings’ is redefined as ‘profit’ over the lifetime of a heat pump, for 

comprehensibility. 

4.3.7. Other hassle factors 

The remaining hassle factors of Table 1 are not included in this choice experiment. The hassle factor 

of the ‘adoption being a too complex process’ is left out. It is expected that not finding understandable 

information can make the process feel too complicated and not understandable. Not finding reliable 

and understandable information can result in a too complicated selection process for a person. As this 

aspect of ‘finding reliable information’ is already included and to minimise the number of attributes, 

the ‘process being too complex’ is not used in this choice experiment. 

The found aspects of ‘having not enough time’ and ‘burden to make an irreversible decision’ are 

assumed to be consequential aspects of other hassle factors. After retrieving some information about 

the installation process, a person might conclude to have enough time to perform all the actions. 

Other reasons might be the number of contractors or loans, making it a burden to decide due to the 

fear of making a wrong choice. Hence, these consequential factors are intertwined with some of the 

other used hassle factors such as information gathering, subsidy/loan applications or finding a 

contractor, for example. These two aspects can also be linked to potential cognitive biases as a present 

bias for effort and choice overload that might play a role (Iyengar & Lepper, 2000; Lades et al., 2021). 

The last reason for not including ‘not having enough time‘ and ‘the burden of making an irreversible 

decision’ in the choice experiment is the difficulty of quantifying these aspects in a unit of time. 

Based on the interview with Klimaatroute, the aspect of ‘maintenance’ is determined not to be an 

important barrier in the decision for heat pump adoption. This aspect is excluded because a heat pump 

requires less maintenance than a natural gas boiler, which is currently the norm in the Netherlands 

(Klimaatroute, personal communication, April 13, 2022). Therefore, this factor would be reduced by 

implementing a heat pump, and it is considered less of a hassle than maintenance for most current 

heating systems. The anticipated hassle of ‘obtaining permits’ is also not included, as obtaining 

permits will not be an issue when installing solely a heat pump. In the Netherlands, it is not required 

to have a permit for this case. The hassle of ‘obtaining a permit’ is thus for most people non-existent. 

Summarized, this choice experiment does not take the aspect of ‘maintenance’ or ‘permit application’ 

into account. 

During the interviews with Klimaatroute two additional barriers came up, ‘the extra required inside 

space’ and ‘the clashing aesthetics’ of a heat pump (Klimaatroute, personal communication, April 13, 

2022). The ‘extra needed space’ of a heat pump compared to a natural gas boiler is considered a 

technical barrier, not a psychological barrier or a transaction cost. Similarly, does ‘clashing aesthetics’ 

of a heat pump not fit the definition of hassle applied in this choice experiment (i.e. non-monetary 

transaction costs expressed in time that can be perceived as stressful). Aside from this, are aesthetics 

found to be a driver for energy renovations (Azizi et al., 2019; Stankuniene, 2021; Stieß & Dunkelberg, 

2013; Wilson et al., 2015), as well as a barrier in the case of heat pumps (Broers et al., 2019; Snape et 

al., 2015). Based on those definitions and in order to minimise the number of attributes for the 

respondents, both barriers are not included in this choice experiment. Nevertheless, further research 

into the extent to both ‘clashing aesthetics’ and ‘extra required inside space’ seem interesting to 

pursue as potential non-psychological barriers for homeowners. 
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4.3.8. Attribute levels 

For a final overview of the included attributes and attribute levels see Table 4. The choice for each 

hassle attribute level was based on having both a low, medium and high level while keeping 

equidistance between levels. Using a wide range of equidistant levels will lead to better parameter 

estimates (ChoiceMetrics, 2021), while too wide parameters can give problems of unrealism (Rose & 

Bliemer, 2009). Several realistic levels were determined based on the interviews with the expert from 

TNO, Klimaatroute and by obtaining advice from my supervisors within TU Delft. Based on a study by 

Voskuyl (2021), who also empirically determined the influence of the ‘length of disruption’ on the 

decision to change heating systems, the attribute levels were compared. However, empirical use of 

the other hassle factors was not found or not found to be expressed in a unit of time. The comparison 

of these factors was then made based on the researcher's expectations and own experience.  

The attribute levels for profit were based on several personal calculations based on a life expectancy 

of 20 years for a heat pump (Hage, 2019; Kleefkens, 2019; Vereniging eigen huis, 2022), the yearly 

reduced energy costs (Milieu Centraal, 2022a, 2022b), the expected price and subsidy of a hybrid and 

all-electric heat pump (Klimaatroute, personal communication, April 13, 2022) and the costs of 

potential additional renovations. It is assumed that the increased gas prices of 2022 compared to 2021 

will remain at this increased level during the lifetime of coming heat pumps (Klimaatroute, personal 

communication, April 13, 2022). The potential extra renovation costs will decrease the profit level for 

homeowners, so the lowest attribute level is capped at 0 euros instead of a negative value. Without 

this cap the purpose of this attribute, to function as positively influencing factor on utility, would be 

undermined. With potential extra renovation costs also the wideness of the final attribute level range 

was considered. 

Table 4. Selected attributes and attribute levels 

  Attribute Category Level 1 Level 2 Level 3 

 Length disruption Hassle factor 1 day 4 days 7 days 

 
Information gathering Hassle factor 1 hour 5,5 hours 10 hours 

 
Finding a contractor Hassle factor 2 hours 5 hours 8 hours 

 
Subsidy and loan 

applications 
Hassle factor 1 hour 5 hours 9 hours 

 
Consultation neighbours Hassle factor 0 hours 2 hours 4 hours 

 
Profit Economic factor € 0 € 3.000 € 6.000 

 

4.4. Selected covariables 

In order to explain potential taste heterogeneity among respondents, several covariables of Table 2 

and Table 3 are selected in an effort to determine latent classes using a latent class analysis. By using 

multiple different covariables, each class can be differentiated based on (multiple) statistically 

significant covariables. In Table 5 the final selected covariables and available answer options are 

shown. The questions and answer options were based on the information provided during the 

interviews, advice from my supervisors and for the answer options specifically, also the Dutch Central 

Bureau of Statistics (CBS, 2020, 2021a, 2021b, 2021c, 2021d, 2021e, 2021f). 
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Table 5. Selected covariates and answer options 

Covariate Answer options 

Gender Male, female, other 

Age Open question 

Education Primary school,  
VMBO/ MAVO/ MBO-1/ HAVO-/ VWO-first half, 

MBO 2-4/ HAVO- / VWO completed, 
HBO-/ WO-bachelor, 

HBO-/ WO-master/ doctor, 
other 

Work situation Fulltime employed, parttime employed, self-employed, 
unemployed, student, housewife/-man, retired 

Household income Less than €10.000, €10.000-20.000, €20.000-30.000, €30.000-
40.000, €40.000-50.000, €50.000-100.000, €100.000-200.000, 

more than €200.000, prefer not to say 

House type Flat/ apartment/ gallery apartment / maisonette,  
corner house, terraced house, semidetached house, detached 

house, other 

Construction year Older than 1945, 1945-1955, 1955-1965, 1965-1975, 1975-1985, 
1985-1995, 1995-2005, 2005-2015, 2015-2022, I do not know 

Years of residency 0-5 years, 6-10 years, 11-15 years, 16-20 years, 21 years or more 

Surface area Less than 50m², 50-74m², 75-99m², 100-149m², 150-249m², 250m² 
or more, I don't know 

Expected decision-maker Yes/probably, no 

Likely to move in two years Yes/probably, no 
 

4.4.1. Socio-demographics 

The socio-demographics variables ‘age’, ‘income’, ‘education’, ‘gender’ and ‘work situation’ are 

proposed indicators for the purpose of this study. The variables ‘household size’, ‘household 

composition’ and ‘relation status’ are left out due to the similar nature of the variables. These left-out 

variables indicate the number of people present in a household. Not all people in a household decide 

on the choice of heat pump adoption. For this reason, the covariables are recombined in a different 

variable that states if someone is the decision-maker for the choice to adopt a heat pump. Children 

are, for example, not expected to make the decision regarding this matter, as they are not the owner 

of the house and have less experience in this field. An expected decision-maker is more likely to have 

experience regarding the dwelling characteristics and might have experience regarding the 

implementation process. This expertise can be due to earlier renovations or interest. Furthermore, 

the ‘profession type’ is considered an indicator of expertise in Sanguinetti et al. (2021). This aspect is 

discarded in this study, as the expected sample size is expected not big enough for a significant 

proportion of mechanics or contractors (Klimaatroute, personal communication, April 13, 2022). 

4.4.2. Dwelling characteristics 

The selected dwelling characteristics ‘construction year’, ‘house size’, ‘years of residence’, ‘likely to 

move’ and ‘house type’ are used as covariates. Therefore, not all dwelling characteristics of Table 3 

are included to minimise the time for respondents to fill in the questionnaire. The variable ‘heating 

bill’ is, for example, left out due to the time it will take respondents to look up the data. It is expected 

that most respondents do not know this amount without checking their heating bill. At the same time 

is this variable expected to be largely correlated to a respondent's ‘house size’, ‘household size’, ‘work 
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situation’ and ‘level of comfort’. Based on discussions with the mentioned experts, the influence of 

‘location’ within the Netherlands, ‘house prices’ and ‘individual gas meters’ are not expected to pose 

any influence. As a result of the included variable ‘expected decision-maker’, the variable ‘ownership 

type' becomes obsolete. These variables indicate the same aspect of who makes the decision. While 

the other aspects such as the ‘current heating system’, ‘age of the heating system’, ‘recent renovation’ 

and ‘potential renovation considerations’, are based on the scope to not include life events in the 

study. The aspect of natural moments in time when a heating system is close to its life expectancy or 

a large renovation allows for the opportunity to make additional large-scale changes are also not 

included in this study. Nevertheless, the role of reduced hassle due to natural decision-making 

moments is considered an interesting field of research. 

4.5. Design alternatives 

A choice experiment consists of multiple choice sets constructed by combining alternatives. In this 

study, each choice set has two alternatives in order to decrease complexity. To design these 

alternatives, one can choose a full-factorial or a fractional factorial design (Walker et al., 2018). A full-

factorial design consists of a choice experiment containing all possible outcomes of attribute levels. 

This type of design creates many different choice sets and takes a long time to complete. A fractional 

factorial design is an alternative to reduce the number of choice sets.  

The three main ways of creating fractional factorial designs are random, orthogonal and efficient 

designs (Walker et al., 2018). A random design chooses randomly attribute levels to make an 

alternative. This type of design creates correlation among attributes resulting in large standard errors 

and unreliable parameters. An orthogonal design chooses attribute levels so that the correlation 

among attributes is zero (Rose & Bliemer, 2009). However, dominant alternatives are possible to 

occur. These dominant alternatives outperform other alternatives on every attribute and thus provide 

no information about the trade-off (Walker et al., 2018). The third possibility are efficient designs. It 

maximises the amount of information about the trade-off and minimises the standard errors of 

parameters by balancing the utilities of alternatives and hence no dominant alternatives are created. 

In order to balance the utilities, it is needed to have prior values of the attribute parameters, which 

can be retrieved in a pre-survey (Walker et al., 2018). Due to the time constraints of this study, an 

alternative method than a pre-survey was performed. Based on the expected sign, one can use small 

prior estimates with either positive or negative signs (ChoiceMetrics, 2021). Each hassle attribute was 

given a negative sign, while profit was given a positive sign. Choosing wrong prior values can result in 

biased parameters, but with the correct sign efficient designs will still outperform orthogonal and 

random designs. 

Each alternative consists of the selected six attributes, each with three possible levels. The alternatives 

are, therefore, unlabelled by having generic attributes and attribute levels. Each attribute has the 

same possible attribute level and does not need any alternative specific parameters (Rose & Bliemer, 

2009). The alternatives are thus all possible imaginable scenarios, although some are more likely to 

occur than others. For this reason, every choice set refers to alternatives as option A or option B. Next 

to this are the alternatives chosen in a way to preserve attribute level balance. Every attribute level 

occurs the same number of times, ensuring that all parameter estimates have the same chance of 

becoming statistically significant (ChoiceMetrics, 2021). 

4.5.1. Operationalising the choice and rating experiment 

To generate the design, the software program Ngene was used. Ngene is a comprehensive software 

tool that can generate experimental designs (ChoiceMetrics, 2021). See appendix C for the used Ngene 
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syntax and appendix D for the constructed choice sets. Ngene uses the minimisation of the D-error to 

determine the most efficient design. The use of a swapping algorithm lets Ngene decrease 

computational time and still ensures the minimisation of the D-error, preservation of attribute level 

balance and avoidance of dominance. Ngene constructed 12 choice sets, but two groups of six choice 

sets were created through blocking. This blocking was applied to decrease the time and effort it would 

take for respondents to complete the choice experiment (Rose & Bliemer, 2009). 

The hassle construct evaluations are created based on a rating experiment using a 5-point Likert scale, 

where each higher point means more hassle. In every choice set, the respondents are asked to rate 

their own perception of the amount of hassle both alternatives have. Priming can influence the 

respondents' decision about their perception of hassle (Chartrand et al., 2008). To reduce the effect 

of priming, the words ‘hassle’ and ‘effort’ are not mentioned in the survey before the hassle construct 

evaluations. The degree of how much of an influence hassle is, is hence negligibly primed. Rather by 

asking the question, their own unconscious perception towards the influence of individual hassles is 

measured, by asking one mark for the whole alternative.  

Additionally, one part of the blocked choice experiment is asked to rate the choice sets before making 

each alternative trade-off. While the other part of the blocked choice experiment is asked to rate the 

choice sets after making the trade-off between the alternatives. As respondents might alter their 

previous answers after seeing this rating experiment or the choice experiment, it was not possible to 

go back to previous answers. 

4.5.2. Structure survey 

The stated preference choice experiment is performed with the survey program Qualtrics. The Ethics 

Committee of TU Delft approved the distribution of the survey. The structure of the survey is 

presented below, a preview of the complete survey can be found via this link. 

1. Introduction 

The survey started with an introduction stating the goal of the survey and mentioning that 

this research is for a graduate research project at the TU Delft. Additionally, the voluntary 

nature and the anonymity (no personal identifiable data is requested) and confidential data 

storage were stressed. An overview of the survey was given, combined with an approximation 

of the time it would take to complete the survey. This time approximation was based on 

several test runs. Several bias mitigation strategies were used in the introduction: cheap talk, 

perceived consequentiality and an opt-out reminder, to overcome a hypothetical bias and 

improve the external validity (Haghani et al., 2021). The cheap talk strategy was 

operationalised by mentioning the value of honestly filling in the survey. The perceived 

consequentiality strategy was implemented by stating that municipalities, neighbourhoods 

and interest groups would receive the survey results. At the same time, the opt-out reminder 

stated that every question is non-compulsory. 

 

2. Validation check 

A validation question asked the respondents if they were currently in possession of a house 

in the Netherlands, to check the sample for being the correct audience. If people answer this 

question with a no, the respondent will automatically be directed to the end of the survey. 

 

3. Choice and rating experiment 

This section started with an explanation of the experiments and the attributes. In the 

explanation, multiple possible aspects of the attributes were mentioned to increase familiarity 

https://tudelft.fra1.qualtrics.com/jfe/preview/SV_9ZcRp8PU86YUZNk?Q_CHL=preview&Q_SurveyVersionID=
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with the attributes. This context provision is mentioned by Haghani et al. (2021) as an 

additional hypothetical bias mitigation strategy to reduce the complexity of the subject. The 

deliberate choice was therefore made not to specify the difference between heat pump 

alternatives. Lastly, the text in all parts of the survey is kept to a minimum to decrease 

complexity and reduce the time to fill in the survey. Respondents are, after the explanation, 

randomly coupled to one of two versions of the choice experiment, to distribute the chance 

evenly. The two versions differ based on one of the two sets of the choice experiment and the 

two different versions of the rating experiment. 

 

4. Covariates 

In the fourth part of the survey, questions regarding socio-demographics and dwelling 

characteristics are asked. In addition, due to the distribution methods, five questions were 

asked to determine possible sample biases.  

 

5. Perception of hassle 

In the survey's final question, the respondents had to rate all the five main hassle factors 

selected from chapter 4.3 based on a 1 to 6 scale, with 1 as the most hassle and 6 as the least 

hassle. The sixth option contained an extra open-answer option to see if the literature review 

missed any additional hassles. This rating question was inserted to see if there are differences 

between the measured and indicated perception of hassle. 

 

6. Expression of gratitude 

At the end of the survey, the respondents are thanked for their participation and asked to 

contact the author by email if there are any questions or comments. 

4.6. Distribution 

The survey was distributed online in order to reach a large group of homeowners. The survey did not 

differentiate between landlords and owner-occupied homes, but excluded tenants via the validation 

question.  

Various municipalities and interest groups were initially approached for help in distribution to gain a 

differentiated and representative group of homeowners. The municipality of Woerden and Diemen 

spread the survey in their sustainability newsletter, while the municipality of Rotterdam shared it on 

some of its social media channels and an internal platform. Aside from municipal distribution, the 

political party Groenlinks Zandvoort also shared the survey on its social media channel. In addition to 

this distribution, convenience sampling and snowball sampling methods were used to boost the 

number of respondents. Convenience and snowball sampling are forms of non-probabilistic sampling, 

which have the chance of not correctly representing the population (Edgar & Manz, 2017). The 

convenience sampling was operationalised through the social media channels of the researcher and 

personal contacts. Additionally, snowball sampling was performed by asking the respondents for their 

willingness to reshare the survey in their network. This sharing was done on multiple occasions. 

The use of these non-probabilistic sampling methods, including the distribution by the municipalities 

and political party, allowed for a risk of a sample bias. In chapter 5.2, the representativeness of the 

respondents is compared to the total population. Nonetheless, a bias was expected for sustainability-

minded people as the sampling was done through sustainability newsletters and a political party more 

associated with sustainable behaviour. Furthermore, a potential bias for hassle-insensitive people was 

also expected as hassle-sensitive people might be less likely to fill in a survey than hassle-insensitive 
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people. For these reasons, three sustainability questions were asked, based on a representative study 

by Citisens (2020) and two hassle sensitiveness questions, where no representative comparison means 

were found. Of the below-mentioned questions, the first three attitudes are sustainability questions 

and the last two are hassle sensitiveness questions. 

1. I find it important that all Dutch dwellings become natural gas-free. 

2. I find it important that the Netherlands becomes climate neutral. 

3. Do you want your house to be disconnected from natural gas? 

4. I describe myself as active when it comes to performing actions. 

5. I often see problems ahead.  
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5. Data cleaning and comparison 

The removal and transformation steps are explained in the first half of the chapter to indicate how 

the retrieved data was cleaned for analysis and how the factor analysis is performed. In the second 

part of this chapter, the data representativeness of the sample is compared to the actual population 

in the Netherlands. 

5.1. Data cleaning 

The survey was published from the 8th of May 2022 till the 8th of June 2022, collecting 277 

respondents over the course of one month. The survey was downloaded from Qualtrics and was first 

cleaned and treated in SPSS 26 to provide suitable model estimations. 

5.1.1. Removal of data 

The first cleaning step was the removal of respondents who did not complete the survey or indicated 

that they did not own a house. This reduction resulted in a significant step of removing 114 

respondents. Additionally, eight respondents were removed from the survey as they left out one or 

multiple questions regarding the choice experiment. 155 useful responses remained after both 

cleaning steps, a 44% reduction from the total survey. This dropout rate is largely identifiable to people 

who did not complete the survey, as most participants did not come further than the first question of 

the choice experiment. A possible reason would be that the survey was too complicated or the 

respondents found out before answering the validation check that the survey was not meant for them. 

It was not possible to further determine the respondents as descriptives such as the referral origin or 

IP-address were not collected as the survey was distributed anonymously. 

5.1.2. Checking for non-trading behaviour 

Secondly, the data was checked for non-trading behaviour. Non-trading behaviour can occur in 

unlabelled choice experiments for various reasons such as fatigue, boredom or misunderstanding of 

the survey. This non-trading behaviour would result in answers that would not indicate someone’s 

true preferences and hinder the parameter estimates' estimation. It is, however, less likely to occur in 

unlabelled compared to labelled choice experiments, but it can still negatively influence the parameter 

estimation (Hess et al., 2010). Several respondents were marked with potential non-trading behaviour 

as all questions considering the rating experiment or the main experiment were answered with the 

same answer. As no participant had answered all questions for both experiments the same way, non-

trading behaviour was difficult to determine. This determination was challenging as the total choice 

experiment was divided into two blocks of six questions per experiment, making answering all 

questions the same statistically possible. Subsequently, it was checked if the completion time of all 

respondents could be realistic due to the fastness. Based on completion time and the combination of 

similarities of respondents' answers, none were left out. The average time to complete the survey was 

1401 seconds, roughly 23 minutes. However, after the deletion of 9 large outliers, the average time 

was reduced to 663 seconds or 11 minutes. 

5.1.3. Transforming data 

Lastly, the data was transformed in several aspects to allow for data analysis. Originally, the choice 

experiment was randomly structured in two blocks containing 89 respondents in block 1 and 74 

respondents in block 2, with six main choices and six rating experiments. However, these choices were 

restructured to single data records containing one main choice and their rating. The total number of 

data entries increased from 155 to 930. Additionally, the attribute levels of the attribute profit were 
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decreased from 0, 3000 and 6000 to 0, 3 and 6 for better interpretation of the estimated parameter 

values. At the same time, the covariate age was changed to seven ordinal categories. For the 

remaining covariate questions where an “I don’t know” or “I prefer not to answer” option was 

selected, the answer has been changed into a missing value. Multiple entries originally already had a 

missing value for certain covariate questions. These ‘incomplete’ entries were not discarded as still 

valuable information can be retrieved from the choices made in the choice and rating experiment and 

from the other non-missing covariates. The answer distributions for choice and rating experiments are 

visualised in appendix E. 

5.1.4. Factor analysis 

The LCA tries to explain taste heterogeneity based on attributes and covariates. Several measurable 

covariates were already determined, but a factor analysis can help to identify additional attitudes. As 

the survey contained several questions to account for a possible sustainability or hassle-sensitiveness 

bias. A factor analysis is performed on those statements to see if those questions are indeed indicators 

of sustainable or hassle-sensitive attitudes. The sample bias identification questions containing a 

Likert scale were included in the factor analysis, hence not the question ‘Do you want your house to 

be disconnected from natural gas?’ as this was asked through a ‘yes’ or ‘no’ answer. These four 

questions were recoded from string to numeric values. The highest numbers accounted for agreeing 

the most on a statement, while the lowest accounted for disagreeing the most. The hassle-

sensitiveness question ‘I often see problems ahead’ is recoded the other way around, as this question 

was framed negatively. The factor analysis was also performed with SPSS. 

The analysis started by performing Barlett’s test of sphericity to statistically test if the correlation 

matrix differs from the identity matrix. This test gave a p-value of 0.000, which indicated that this 

statement was highly significant. The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was 

also checked. The KMO value was 0.501, the bare minimum, as values under 0.5 are considered 

unacceptable (Yong & Pearce, 2013). 

Two factors were extracted, each based on two questions, explaining 76% of the total variance. These 

two factors were expected based on the corresponding two categories of questions that were used as 

indicators. The factors were extracted based on the eigenvectors. Higher than one means that it 

explains more variance than a single observed variable, which was our used threshold based on 

Kaiser’s criterion (Kaiser, 1960). The extraction technique used was the Principal Axis Factoring (PAF) 

and the orthogonal rotation varimax. By using two indicators, it states that there should be a high 

correlation among those indicators (r > 0.7), as three variables explaining one factor is more 

appropriate (Worthington & Whittaker, 2006; Yong & Pearce, 2013). The correlation between the 

sustainability indicators was found to be 0.696, indicating a strong correlation just below the value of 

0.7. However, due to the large sustainable biased sample, as can be seen in Table 8, it was expected 

that this factor would be an important potential covariate for model estimation. Therefore, this factor 

was deemed correlated enough. The hassle-sensitiveness questions had a correlation of 0.332. 

Potentially is this correlation low due to the researcher's own formulation of the questions, as no 

similar reference questions were found. Hence, these hassle-sensitiveness variables were not 

considered correlated enough to be identified as one factor. The sustainability indicators were highly 

loaded on the sustainability factor as the rotated factor loading was > 0.81. A value above 0.5 is 

considered good, while a loading of less than 0.32 is preferred on all other factors (Worthington & 

Whittaker, 2006). This low loading was the case for the sustainability indicators on the hassle-

sensitiveness factor and vice versa. The two sustainability questions were thus considered indicators 

for one sustainability factor and were conjoint to one covariate by summating the values together. 

The complete SPSS output of the factor analysis can be seen in appendix F. 
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5.2. Data comparison 

Table 6 shows the socio-demographic frequencies and percentages of the sample compared to the 

percentage of the actual population of the Netherlands. This comparison is performed to show the 

representativeness of the survey and hence also the output of the analysis. 

Table 6. Socio-demographics of the sample population and the actual population 

Covariate Level Frequency in 
sample 

Percentage in 
sample 

Percentage in 
population* 

Gender 
  
  
   

Male 92 59.4% 49.7% 

Female 62 40.0% 50.3% 

Other 1 0.6% 
 

Total 155 100.0% 100.0% 

Age 
  
  
  
  
  
  
  

0-17 years - - 18.9% 

18-26 years 7 4.5% 11.4% 

27-39 years 18 11.7% 16.4% 

40-54 years 58 37.7% 19.8% 

55-64 years 50 32.5% 13.7% 

65-74 years 20 13.0% 11.3% 

75+ years 1 0.6% 8.5% 

Total 154 100.0% 100.0% 

Education 
  
  
  
  
  
  

Primary school 0 0.0% 9.3% 

VMBO, MAVO, MBO-1, HAVO-, 
VWO first half 

3 1.9% 20.0% 

MBO 2-4, HAVO-, VWO-completed 14 9.0% 36.7% 

HBO-, WO-bachelor 50 32.3% 20.5% 

HBO-, WO-master, Doctor 87 56.1% 11.9% 

Other 1 0.6% 1.6% 

Total 155 100.0% 100.0% 

Work 
situation 
  
  
  
  

Full-time 78 50.6% 36.5% 

Part-time 29 18.8% 33.9% 

Unemployed 3 1.9% 3.1% 

Non-working population 21 13.6% 26.5% 

Self-employed 23 14.9% - 

Total 154 100.0% 100.0% 

Household 
income 
  
  
  
  
  
  
  

Less than €10.000 0 0.0% 4.1% 

€10.000-€20.000 2 1.5% 19.2% 

€20.000-€30.000 4 3.0% 30.7% 

€30.000-€40.000 11 8.2% 24.0% 

€40.000-€50.000 11 8.2% 12.2% 

€50.000-€100.000 68 50.7% 8.7% 

€100.000-€200.000 36 26.9% 0.7% 

€200.000 or more 2 1.5% 0.3% 

Total 134 100.0% 100.0% 
*Gender and Age (CBS, 2021b), Education (CBS, 2021c), Work Situation (CBS, 2021a), Household income (CBS, 2020) 

Several observations should be pointed out as the sample has many differentiations compared to the 

real population. These deviations could be due to the sampling methods, while it also must be noted 
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that the real population is not filtered for house-owned citizens. Therefore, it is less surprising that 

highly educated and high-income households are overrepresented in the survey (City of Amsterdam, 

n.d.; Kushi, 2021). Similarly, results are also correlated as low-income groups might be younger of age, 

due to their only recently started career or education. The most notable differences from the true 

population are the overrepresented group of people between the age of 40 and 64, the 

underrepresented group of low-educated people and the underrepresented group of low-income 

households. Lastly, the summation of total frequencies indicates how many respondents filled in a 

particular question. It can be observed that people are, for example, less willing to share their income 

in our sample, as this might be a moral taboo for some.  

Table 7 shows the difference in dwelling characteristics compared to the true population. Here it 

should be mentioned that the similarity percentages between most of the construction years of the 

sample compared to the real population are distorted due to the many options available in this 

category. Other large deviations, such as the percentage of apartments and small surface area houses, 

should be considered not unusual. Apartments are more likely to be rented houses, which are not part 

of the sample, while high-income citizens are able to afford bigger houses. 

Table 7. Dwelling characteristics of the sample population and real population 

Covariate Level Frequency in 
sample 

Percentage in 
sample 

Percentage in 
population*  

House type 
  
  
  
  
  
  

Detached house 18 11.8% 13.0% 

Semidetached house 27 17.6% 8.8% 

Corner house 20 13.1% 12.7% 

Terraced house 62 40.5% 29.5% 

Flat/apartment/gallery apartment/ 
maisonette 

23 15.0% 36.0% 

Other 3 2.0% 0.0% 

Total 153 100.0% 100.0% 

Construction 
year 
  
  
  
  
  
  
  
  

1000-1945 49 32.2% 18.5% 

1945-1955 6 3.9% 4.5% 

1955-1965 8 5.3% 9.9% 

1965-1975 19 12.5% 16.2% 

1975-1985 14 9.2% 14.5% 

1985-1995 17 11.2% 12.9% 

1995-2005 19 12.5% 10.5% 

2005-2015 14 9.2% 8.4% 

2015-2022 6 3.9% 4.6% 

Total 152 100.0% 100.0% 

Surface area 
  
  
  
  
  
  

Less than 50 m2 1 0.7% 5.6% 

50-74 m2 6 4.0% 14.8% 

75-99 m2 29 19.5% 23.1% 

100-149 m2 64 43.0% 37.5% 

150-249 m2 45 30.2% 15.4% 

250 m2 or more 4 2.7% 3.5% 

Total 149 100.0% 100.0% 
*House type (CBS, 2021g), Construction year (CBS, 2021e), Surface area (CBS, 2021f) 
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In Table 8, three questions regarding the attitude towards sustainability are compared. Due to the 

distribution method, a possible sample bias toward sustainable-minded people was expected. For this 

reason, these three reference questions were included in the survey to check for a potential 

sustainability bias. The representative study of Citisens (2020) is taken as a reference for the total 

Dutch population in 2020. 

The sample data shows a clear bias toward a preference for all Dutch dwellings becoming natural gas-

free and the Netherlands becoming climate neutral. However, it must be observed that the 

representative study was performed two years earlier than this current survey. In the meantime, 

the European Commission launched the Green Deal, the awareness of the negative externalities of 

natural gas increased, and natural gas prices increased due to the war in Ukraine. These societal 

changes make the comparison less accurate. Regarding whether a respondent’s house should be 

disconnected from natural gas, the respondents were forced to choose yes or no. This mandatory 

question gave insight into people who are more lenient towards either of those choices. Nevertheless, 

it did make the comparison more difficult with the representative group, where the ‘in doubt’ option 

does not give insight if someone is more lenient towards either alternative. 

Table 8. Sustainability preference of the sample population and representative population 

Covariate Level Frequency 
in sample 

Percentage in 
sample 

Percentage in 
population* 

I find it important that 
all Dutch dwellings 
become natural gas-
free 

Totally disagree 8 5% 14% 

Disagree 7 5% 11% 

Slightly disagree 7 5% 13% 

Neither agree nor disagree 13 9% 9% 

Slightly agree 35 23% 20% 

Agree 46 30% 18% 

Totally agree 36 24% 14% 

Total 152 100% 100% 

I find it important that 
the Netherlands 
becomes climate 
neutral 

Totally disagree 3 2% 6% 

Disagree 4 3% 5% 

Slightly disagree 4 3% 10% 

Neither agree nor disagree 3 2% 9% 

Slightly agree 24 16% 21% 

Agree 45 30% 19% 

Totally agree 69 45% 31% 

Total 152 100% 100% 

Do you want your 
house to be 
disconnected from 
natural gas? 

Yes 105 69% 44% 

In doubt - - 19% 

No 47 31% 37% 

Total 152 100% 100% 
*All based on Citisens (2020) 

The remaining covariates for which no reference data was found are shown in Table 9. The first two 

questions are about the self-perception of their hassle sensitivity. These answers indicated that the 

respondents see themselves as undertaking actions rather than inactive, which might correspond to 

the high level of expected decision-makers. To the question ‘if respondents often see problems’, a 

slight preference towards disagreeing is visible. The factor analysis indicated that the hassle sensitivity 

factor, unlike sustainability-oriented, should not be included as a covariate in the data analysis. 
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Table 9. Other covariate outcomes of the survey 

Covariate Level Frequency in 
sample 

Percentage in 
sample 

I describe myself as 
active when it comes 
to performing actions 

Totally disagree 4 2.6% 

Slightly disagree 20 13.2% 

Neither agree nor disagree 24 15.9% 

Slightly agree 73 48.3% 

Totally agree 30 19.9% 

Total 151 100.0% 

I often see problems 
ahead 

Totally disagree 16 10.6% 

Slightly disagree 46 30.5% 

Neither agree nor disagree 34 22.5% 

Slightly agree 39 25.8% 

Totally agree 16 10.6% 

Total 151 100.0% 

Will you be likely to 
move in two years? 

Yes 17 11.6% 

No 130 88.4% 

Total 147 100.0% 

Are you the expected 
decision-maker? 

Yes 126 85.7% 

No 21 14.3% 

Total 147 100.0% 

Years of residency 0-5 years 52 34.2% 

6-10 years 17 11.2% 

11-15 years 24 15.8% 

16-20 years 22 14.5% 

21+ years 37 24.3% 

Total 152 100.0% 
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6. Model results 

In this chapter, the results of the model estimations are shown, while these will be discussed in chapter 

7.1. In section 6.1, the perception of what is hassle during heat pump adoption is determined with the 

help of the rating experiment. Next are the findings of several models explaining the influence of 

hassle and financial aspects on a homeowner's utility, described in section 6.2. This utility is created 

by the trade-offs between attributes and explains empirically if and how much hassles influences 

homeowners' decision-making. These findings are extended by performing an LCA, to detect 

heterogeneous clusters in an effort to explain the data even better. Lastly, the best model fit is 

determined based on the parameters’ significance and explanation of the data. 

6.1. Perceived hassle factor  

Chapter 4.3 concluded that the aspects of ‘the length of disruption’, ‘information gathering’, ‘finding 

a contractor’, ‘subsidy and loan applications’ and ‘neighbour consultation’ are the expected most 

influential hassle factors. In the rating experiment, each homeowner indicated how much hassle a 

certain choice set was for him/her. Therefore, a comparison can be made between if homeowners in 

the Netherlands also perceive the hassle factors described in scientific behaviour literature as hassles. 

Through the use of multiple linear regression analysis, it is estimated how much an average 

respondent would perceive the hassle of a random choice alternative. The estimation is based upon 

the respondent’s indicated perception of hassle towards a choice alternative. As each respondent 

indicated 12 choice alternatives with their perception of hassle, 1860 observations were made in the 

total survey. The estimation is performed in SPSS 26. In Table 10, the given parameter estimates are 

shown, where the relative importance indicates how much each parameter relatively influences the 

perception of hassle. 

Table 10. Parameter estimates of regression analysis of the combined hassle factor 

Parameters Estimates Standard 
error 

P-value Relative 
importance 

(Constant) 0.711 0.093 0.000 - 

Length of disruption 0.152 0.009 0.000 37.3% 

Information gathering 0.057 0.006 0.000 21.0% 

Finding a contractor 0.074 0.009 0.000 18.2% 

Subsidy and loan applications 0.065 0.007 0.000 21.3% 

Neighbour consultation 0.069 0.014 0.000 11.3% 

Profit -0.037 0.009 0.000 9.1% 
 

The p-value of a parameter measures the probability that a parameter is actually zero. If a p-value is 

higher than 0.05, a parameter is found to be statistically insignificant and not an aspect of the 

perception of hassle by homeowners. However, no estimates were found to be insignificant, not even 

the amount of profit a homeowner receives. As this parameter shows that a higher profit reduces how 

much hassle is perceived, this is nevertheless the least strong effect.  

The relative importance is calculated by obtaining the maximum contribution of each parameter. The 

maximum contribution is calculated based on multiplying the attribute level range with the absolute 

value of the parameter estimates. For the case of the ‘length of disruption’, this estimation is 6 * 0.152 

= 0.912, as the difference between one day and seven days is six, and the parameter estimate is 0.152. 

The relative importance is then calculated by dividing this number by the sum of all maximum 

contributions. The model fit is determined with the Rho-square value, which represents how much of 

the initial uncertainty is explained by the model. A model fit of 1, would mean that the model perfectly 
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explains the data. The Rho-squared for this model is 0.211 or 21.1%. Studies predicting human 

behaviour generally have a Rho-squared value of less than 50% (Frost, n.d.). 

Additionally, this measured perception of hassle can be compared by looking at the declared amount 

of hassle by the respondents. The respondents were asked in the last part of the survey to list from 1 

to 6 how much hassle each task was. This rating indicates the respondent’s conscious perception of 

the amount of hassle. This directly retrieved perception is given in Figure 3, while in Table 11, 

additional descriptives are shown where the lowest average indicate it is seen as the most hassle 

relatively. 

Table 11. Respondent’s conscious perception of hassle 

 Length Information Contractor Subsidy Neighbour Other 

Average 3.060 3.119 2.596 2.795 3.848 5.583 

Standard error 1.550 1.465 1.123 1.309 1.446 1.335 

Mode 1 4 2 3 5 6 

  

Figure 3. Respondent’s conscious perception of the hassle factor on a 1-6 scale 

A direct comparison between Figure 3 and Table 10 is not possible due to different units. However, 

from the declared rating and hence conscious perception, it can be concluded that the most influential 

factors are: 1) finding a contractor; 2) subsidy and loan applications; 3) length of disruption; 4) 

information gathering; 5) neighbour consultation; 6) other reasons.  

While the measured perception of hassle found the order 1) length of disruption; 2) subsidy and loan 

applications; 3) information gathering; 4) finding a contractor; 5) neighbour consultation; 6) the 

amount of profit. Showing that unconsciously the ‘length of disruption’ is perceived as the most and 

hence more hassle than ‘finding a contractor’, while in the declared rating this is the other way around. 

The additional option to indicate what other reasons might give homeowners hassle is shown in 

appendix G, while a summary of the factors is made in Table 12. The interpretation of these factors is 

given in chapter 7.1.3. 
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Table 12. Other reasons that people indicated as hassle 

Other reasons that are perceived as a hassle Frequency 

Feasibility of installation 4 

Determining the profit 3 

Space constraints 3 

Investment costs 3 

Delivery time heat pump 2 

Information gathering 2 

Relocation 1 

Permit application 1 

The nuisance of a heat pump 1 

Finding a reliable contractor 1 

Making a choice 1 
 

6.2.  Model estimation 

To determine how a choice of a homeowner is established, several predictive models are estimated 

to see what affects the utility of a homeowner. First, a linear MNL model is estimated, and the model 

estimation is continuously improved based on the results. These improvements are made to find the 

best model that fits and hence explains the data. The used apollo code for model 1 is presented in 

appendix H. Slight iterations of this code were performed due to the other estimated models. 

6.2.1. Model 1: MNL 

The estimation of the first model includes the six attributes selected in chapter 4.3. The factors are 

estimated as numeric variables and the systematic utility function is stated in equation (3). 

(3) 

𝑉𝑖 = 𝐿𝑒𝑛𝑔
𝑖

∗ 𝛽
𝐿𝑒𝑛𝑔

+ 𝐼𝑛𝑓𝑜
𝑖

∗ 𝛽
𝐼𝑛𝑓𝑜

+ 𝐶𝑜𝑛𝑡𝑖 ∗ 𝛽
𝐶𝑜𝑛𝑡

+ 𝑆𝑢𝑏𝑠𝑖 ∗ 𝛽
𝑆𝑢𝑏𝑠

+ 𝑁𝑒𝑖𝑔
𝑖

∗ 𝛽
𝑁𝑒𝑖𝑔

+ 𝑃𝑟𝑜𝑓
𝑖

∗ 𝛽
𝑃𝑟𝑜𝑓

 

Where: 

𝑖 = the alternative, i.e. choice A, choice B 

𝑉𝑖 = the systematic utility of alternative i 

𝛽𝐿𝑒𝑛𝑔 = the marginal utility of the factor length disruption 

𝛽𝐼𝑛𝑓𝑜 = the marginal utility of the factor information gathering 

𝛽𝐶𝑜𝑛𝑡 = the marginal utility of the factor finding a contractor 

𝛽𝑆𝑢𝑏𝑠 = the marginal utility of the factor subsidy and loan application 

𝛽𝑁𝑒𝑖𝑔 = the marginal utility of the factor consultation neighbours 

𝛽𝑃𝑟𝑜𝑓 = the marginal utility of the factor profit 

In Table 13, the estimated model parameters are presented, Figure 4 shows their relative importance. 

Based on the robust p-values, it is concluded that all parameters of this model are found to have a 

significant effect on the systematic utility function. Meaning that all the expected effects found in 

literature are also influencing the choice of a homeowner. Looking at the relative importance of the 

estimates it is observed that the profit estimate is the highest determining factor of the utility. 
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Table 13. Model 1 parameter estimates 

Parameter Estimate Standard error Robust p-value 

BETA_Leng -0.14377 0.02284 0.000 

BETA_Info -0.05189 0.01254 0.030 

BETA_Cont -0.05589 0.01773 0.010 

BETA_Subs -0.07578 0.01511 0.001 

BETA_Neig -0.07894 0.02607 0.001 

BETA_Prof 0.32445 0.02438 0.000 

 

 

The model fits is determined through the Log-Likelihood Ratio Statistic (LRS), to see if the model is 

better at explaining the data than ‘throwing a dice’ (Train, 2009). This LRS is calculated based on 

equation (4). LL0 is the log-likelihood (LL) of the null model, and the LLFinal is the log-likelihood of the 

estimated model. Respectively -644.63 and -446.89, resulting in an LRS of 395.48. The accompanying 

critical Chi-square value of 12.59 for six parameters is lower than the LRS, which means that it can be 

concluded that the model is better than a random model or ‘throwing a dice’. Additionally, the model 

fit can be compared with other models based on the BIC value, which also accounts for the number of 

model parameters. This BIC value is 934.79 for model 1. 

(4) 

𝐿𝑅𝑆 =  −2 ∗ (𝐿𝐿0 − 𝐿𝐿𝐹𝑖𝑛𝑎𝑙) 

6.2.2. Model 2: MNL with the combined hassle factor 

In the second model, the combined hassle factor is added as an attribute in the MNL model of model 

1. This attribute is added to see if a joint hassle factor is a better predictor of how much utility a 

homeowner perceives than the independent hassles. The combined hassle factor should incorporate 

all the hassles of the individual attributes (Molin & Timmermans, 2009). Meaning that the attributes 

only directly influence the utility in a non-hassle way. This combined hassle factor is included in the 

model based on the Likert scores created by the respondents in the rating experiment. The formula 

of the systematic utility is given in equation (5). 

            (5) 

𝑉𝑖 = 𝐻𝑎𝑠𝑠𝑙𝑒 ∗ 𝛽𝐻𝑎𝑠𝑠𝑙𝑒 + 𝐿𝑒𝑛𝑔𝑖 ∗ 𝛽𝐿𝑒𝑛𝑔 + 𝐼𝑛𝑓𝑜𝑖 ∗ 𝛽𝐼𝑛𝑓𝑜 + 𝐶𝑜𝑛𝑡𝑖 ∗ 𝛽𝐶𝑜𝑛𝑡 + 𝑆𝑢𝑏𝑠𝑖 ∗ 𝛽𝑆𝑢𝑏𝑠 + 𝑁𝑒𝑖𝑔𝑖

∗ 𝛽𝑁𝑒𝑖𝑔 + 𝑃𝑟𝑜𝑓𝑖 ∗ 𝛽𝑃𝑟𝑜𝑓 

Figure 4. Relative importance model 1 parameter estimates 
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Where: 

𝛽𝐻𝑎𝑠𝑠𝑙𝑒 = the marginal utility of the combined hassle factor  

Table 14 represents the parameter estimates of model 2. The individual hassle parameter estimates 

show a reduction in effect compared to model 1. These values indicate that the combined hassle factor 

captures the effect of the perception of hassle associated with all parameters. However, some direct 

effects remain. The p-values of the estimates BETA_Leng, BETA_Cont and BETA_Neig are 

insignificantly different from 0. Indicating that the hassle perception attribute completely explains 

their effect on the systematic utility and that it cannot be said with certainty that they are explaining 

the model at all. 

The log-likelihood of this model is -404.04 indicating a better fit than model 1. By performing the LRS 

test (value of 481.18), it can be concluded that this model is also better than throwing a dice, 

regardless of the extra estimated parameter (Chi-square value of 14.07). The BIC value of 855.93 also 

shows a better fit due to the decrease of almost 80 points compared to model 1. 

Table 14. Model 2 parameter estimates 

Parameter Estimate Standard error Robust p-value 

BETA_Hassle -0.70344 0.08235 0.000 

BETA_Leng -0.05787 0.02508 0.069* 

BETA_Info -0.02439 0.01333 0.038 

BETA_Cont -0.01018 0.01896 0.341* 

BETA_Subs -0.04064 0.01631 0.004 

BETA_Neig -0.03397 0.01333 0.109* 

BETA_Prof 0.34398 0.02623 0.000 
*Insignificant based on a 95% confidence level 

6.2.3. Model 3: MNL with combined hassle factor without insignificant parameters 

Model 3 is similar to model 2. However, the model is iteratively re-estimated by deleting the 

parameter with the highest p-value till all parameter estimates are found to be significant. Table 15 

states the final model estimates, with the systematic utility function given in equation (6). 

(6) 

𝑉𝑖 = 𝐻𝑎𝑠𝑠𝑙𝑒 ∗ 𝛽
𝐻𝑎𝑠𝑠𝑙𝑒

+  𝐿𝑒𝑛𝑔 ∗ 𝛽
𝐿𝑒𝑛𝑔

+ 𝐼𝑛𝑓𝑜 ∗ 𝛽
𝐼𝑛𝑓𝑜

+ 𝑆𝑢𝑏𝑠 ∗ 𝛽
𝑆𝑢𝑏𝑠

+ 𝑃𝑟𝑜𝑓 ∗ 𝛽
𝑃𝑟𝑜𝑓

 

After this re-estimation, the parameters ‘length of disruption’, ‘information gathering’ and ‘subsidy 

and loan applications’ showed a significant direct effect on the systematic utility, regardless of the 

previous insignificant p-values of the length of disruption in model 2. These attributes still represent 

aspects that negatively contribute to the systematic utility, aside from the hassle captured in the 

combined hassle factor. By removing the insignificant parameters BETA_Cont and BETA_Neig, the 

model’s Log-Likelihood remains almost the same, with a value of -404,85, while the BIC value improves 

to 843.88. The relative importance of all five attributes is given in Figure 5. It can be seen that the 

combined hassle factor is a more important influence than the amount of ‘profit’, and that the 

remaining factors are relatively small influences. 
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Table 15. Model 3 parameter estimates 

Parameter Estimate Standard error Robust p-value 

BETA_Hassle -0.72768 0.07936 0.000 

BETA_Leng -0.05889 0.02343 0.031 

BETA_Info -0.02341 0.01324 0.033 

BETA_Subs -0.04467 0.01549 0.000 

BETA_Prof 0.34776 0.02491 0.000 

 

 

Figure 5. Relative importance model 3 parameter estimates 

6.2.4. Model 4: MNL with only the combined hassle factor 

Unlike models 2 and 3, in this model all the individual hassle factors were replaced for the combined 

hassle factor, except for the profit attribute. The relative importance of model 3 indicated that 

BETA_Leng, BETA_Info and BETA_Subs all had a small importance level, showing only small direct 

effect. Therefore, it is examined if a better model fit can be obtained without these parameters. The 

model fit, based on the Log-Likelihood, deteriorates slightly to -411.92, while the BIC further improves 

to 837.51. The parameter estimates are shown in Table 16, while the systematic utility is stated in 

equation (7). Additionally, the relative importance is visualised in Figure 6. In this figure, it can be 

clearly observed that the combined hassle factor is a much bigger determinant for a homeowner's 

utility than profit. 

(7) 

𝑉𝑖 = 𝐻𝑎𝑠𝑠𝑙𝑒 ∗ 𝛽
𝐻𝑎𝑠𝑠𝑙𝑒

+ 𝑃𝑟𝑜𝑓 ∗ 𝛽
𝑃𝑟𝑜𝑓

 

Table 16. Model 4 parameter estimates 

Parameter Estimate Standard error Robust p-value 

BETA_Hassle -0.8338 0.07366 0.000 

BETA_Prof 0.3264 0.02269 0.000 
\ 
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Figure 6. Relative importance model 4 parameter estimates 

6.3. Latent Class Analysis 

An LCA has been performed in order to improve the model fit further. With this LCA, it is looked if 

different groups of respondents can be found in the data, where the attributes influence homeowners 

differently. The regression analysis of the combined hassle factor showed that all estimates of model 

1 influence the combined hassle factor. Hassle sensitivity among homeowners towards individual 

hassle attributes corresponds with the goal of this study. Therefore, this analysis takes model 1 as a 

basis to gain insights into the existence of possible heterogeneous clusters of homeowners.  

6.3.1. Class determination 

The optimal number of classes to describe the data is based on the BIC value, as described in chapter 

2.6. In the class determination, no covariates are included, as they do not influence the optimal 

number of classes. Up to four different classes are compared to determine the most appropriate 

number of classes. Table 17 shows their different model fits. All software settings were estimated 

based on default settings, except for random sets and iterations, as those were set to 100. 

Table 17. Estimation of the number of classes of the LCA 

Classes Parameters Log-Likelihood Rho-square BIC 

1 6 -446.89 0.307 924.04 

2 13 -398.66 0.382 862.89 

3 20 -385.22 0.402 871.31 

4 27 -377.32 0.415 890.80 
 

The 2-class model has the lowest BIC value and was therefore selected instead of the other models. 

However, Table 17 shows that the BIC value of the 1-class model differs from the BIC value of model 

1. LatentGold sees every different respondent as one observer, so every respondent is placed in one 

class instead of placing them in multiple classes as each respondent makes multiple choices. While 

estimation in Apollo is based on 930 observations, as it sees every choice as one single observation. 

6.3.2. 2-class model 

The parameter estimation of the 2-class model, with no covariates, is shown in Table 18. The Wald 

statistic shows if a parameter is statistically different from zero, while the Wald(=) statistically tests if 

the effect is class independent, in other words, if there is a different effect for both classes or not.  

The Wald and Wald(=) show insignificant values for this 2-class model, therefore, two different models 

are made based on this insight. In the first model, the deletion of insignificant parameters is done first 
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(BETA_Neig). Afterwards, any insignificant estimate is changed from a dependent class effect to a class 

independent effect (BETA_Subs). In the second model, this is turned around and first the dependent 

class effects are set to independent (BETA_Subs and BETA_Neig), and after this change the parameters 

were checked to be deleted completely. All parameters were iteratively re-estimated, in both models, 

based on the exclusion of the value with the highest p-value. This distinction is made as BETA_Neig 

had a significant effect in model 1, indicating that it influences a homeowner’s systematic utility. 

However, this effect was not directly seen in the original 2-class model of Table 18. The comparison 

for the model fit of both different 2-class models is visualised in Table 19. 

The model fit of the two approaches are quite similar, with a Log-Likelihood difference of 2.4, a Rho-

square difference of 0.01, both in favour of V1, and a BIC difference of 0.25 in favour of V2. However, 

due to the small difference in the BIC value, Occam’s razor principle is used, the best explanation is 

the simplest one. Therefore, the first 2-class model with the deletion of the insignificant effects of 

‘neighbour consultation’ and the class independent effect of ‘subsidy and loan application’ is selected. 

The estimates of this model are shown in Table 20. 

Table 18. LCA model 4 parameter estimates 

Parameter Estimate Standard 
error 

Wald P-value 
Wald 

Wald(=) P-value 
Wald(=) 

BETA_Leng -0.4136 0.0813 29.05 0.000 12.86 0.000 

BETA_Leng2 -0.0717 0.0461 29.05 0.000 12.86 0.000 

BETA_Info -0.1118 0.0286 16.56 0.000 5.23 0.022 

BETA_Info2 -0.0237 0.0245 16.56 0.000 5.23 0.022 

BETA_Cont -0.1940 0.0467 17.47 0.000 11.88 0.001 

BETA_Cont2 0.0122 0.0388 17.47 0.000 11.88 0.001 

BETA_Subs -0.1164 0.0296 33.81 0.000 0.10 0.750* 

BETA_Subs2 -0.1000 0.0338 33.81 0.000 0.10 0.750* 

BETA_Neig -0.0842 0.0452 4.03 0.130* 0.31 0.580* 

BETA_Neig2 -0.0391 0.0637 4.03 0.130* 0.31 0.580* 

BETA_Prof 0.7830 0.1249 73.8 0.000 69.01 0.000 

BETA_Prof2 -0.0853 0.0597 73.8 0.000 69.01 0.000 
*Insignificant based on a 95% confidence level 

Table 19. Model fit comparison of the two different 2-class models 

Model Parameters Log-Likelihood Rho-square BIC 

V1 10 -401.30 0.377 853.03 

V2 11 -398.90 0.381 853.28 

 
Based on the parameters of Table 20, the profit estimate is again shown as the highest determinate, 

similarly to Table 13. Nevertheless, all parameters of the second cluster show a relatively low influence 

compared to the first cluster. The sign has even flipped in the case of ‘finding a contractor’ and ‘profit’. 

Although the significance of all the values, the second cluster parameter all have relatively high 

standard errors compared to their estimates. 

The V1 2-class model was re-estimated based on the ten covariates: ‘gender’, ‘age’, ‘education’, ‘work 

situation’, ‘household income’, ‘house type’, ‘construction year’, ‘years of residency’, ‘surface area’, 

‘expected decision-maker’, ‘likely to move in two years’ and the attitude ‘sustainable oriented’, that 

was created through the factor analysis. After this estimation, the model was again iteratively re-

estimated while excluding the covariate with the highest insignificant p-value. In the final model, no 
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covariates showed to be a predictor (active covariate) for a specific class. Therefore, all covariates 

were included as inactive describing covariates. The profiles of all inactive covariates and attributes of 

this model are given in appendix I. 

Table 20. 2-class model V1 parameter estimates 

Parameter Estimate Standard 
error 

Wald P-value 
Wald 

Wald(=) P-value 
Wald(=) 

BETA_Leng -0.3955 0.0786 25.74 0.000 14.80 0.000 

BETA_Leng2 -0.0668 0.0472 25.74 0.000 14.80 0.000 

BETA_Info -0.1184 0.0297 15.97 0.000 7.66 0.006 

BETA_Info2 -0.0130 0.0251 15.97 0.000 7.66 0.006 

BETA_Cont -0.1656 0.0458 13.77 0.001 10.58 0.001 

BETA_Cont2 0.0225 0.0387 13.77 0.001 10.58 0.001 

BETA_Subs -0.1245 0.0178 48.76 0.000 0.00 - 

BETA_Prof 0.7579 0.1179 82.62 0.000 78.46 0.000 

BETA_Prof2 -0.1000 0.0626 82.62 0.000 78.46 0.000 
 

6.4. Non-linear parameters 

In the 2-class models, an observation was made regarding the two different effects of BETA_Cont and 

BETA_Prof. Both parameters show a positive and a negative effect in Table 18 and Table 20. This effect 

would mean that part of the respondent prefers to have a long search for contractors while another 

part tries to minimise this, similarly for profit. A possible reason for this outcome can be that 

respondents have different attitudes towards different attribute levels. In this case, all the 

respondents have different parameter preferences for the attribute levels of the attribute, thus for 2, 

5 and 8 hours. While the LCA looks at different preference groups within the data, which have the 

same preference per attribute level. A non-linear effect for attribute levels is checked for the model 

parameters ‘finding a contractor’ and ‘profit’. 

6.4.1. Model 5: MNL with a non-linear contractor parameter 

The model estimation is based upon the standard MNL model of model 1, as the effect of the 

contractor is disregarded in the later models, as it showed to be insignificant. The non-linear effect 

was added based upon effects coding the variable, and hence the average utility is set as zero. Table 

21 shows the parameter estimates and equation (8) its systematic utility function.  

As the robust p-values of both the parameters of finding a contractor are insignificant, it was 

concluded that the parameter ‘finding a contractor’ does not have a non-linear effect. 

Table 21. Model 5 parameter estimates 

Parameter Estimate Standard error Robust p-value 

BETA_Leng -0.14377 0.02284 0.000 

BETA_Info -0.05189 0.01254 0.000 

BETA_Cont -0.06707 NaN 0.497* 

BETA_Cont2 -0.13414 NaN 0.490* 

BETA_Subs -0.07578 0.01511 0.000 

BETA_Neig -0.07894 0.02607 0.001 

BETA_Prof 0.32445 0.02438 0.000 
*Insignificant based on a 95% confidence level  
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(8) 

𝑉𝑖 = 𝐿𝑒𝑛𝑔 ∗ 𝛽
𝐿𝑒𝑛𝑔

+ 𝐼𝑛𝑓𝑜 ∗ 𝛽
𝐼𝑛𝑓𝑜

+ 𝐶𝑜𝑛𝑡(5) ∗ 𝛽
𝐶𝑜𝑛𝑡

+ 𝐶𝑜𝑛𝑡(8) ∗ 𝛽
𝐶𝑜𝑛𝑡2

+ 𝑆𝑢𝑏𝑠 ∗ 𝛽
𝑆𝑢𝑏𝑠

+ 𝑁𝑒𝑖𝑔 ∗ 𝛽
𝑁𝑒𝑖𝑔

+ 𝑃𝑟𝑜𝑓 ∗ 𝛽
𝑃𝑟𝑜𝑓

 

 

6.4.2. Model 6: MNL with a non-linear profit parameter 

Model 6 estimated the non-linear effect of the parameter profit based on model 4’s MNL model, as it 

had the lowest BIC value of all estimated models. The model’s systematic utility function is stated in 

equation (9), while the parameter estimates are visualised in Table 22. 

(9) 

𝑉𝑖 = 𝐻𝑎𝑠𝑠𝑙𝑒 ∗ 𝛽
𝐻𝑎𝑠𝑠𝑙𝑒

+ 𝑃𝑟𝑜𝑓(3) ∗ 𝛽
𝑃𝑟𝑜𝑓 

+ 𝑃𝑟𝑜𝑓(6) ∗ 𝛽
𝑃𝑟𝑜𝑓2

 

Table 22. Model 6 parameter estimates 

Parameter Estimate Standard error Robust p-value 

BETA_Hassle -0.8338 0.07366 0.000 

BETA_Prof 0.3916 NaN 0.000 

BETA_Prof2 0.7833 NaN 0.008 
 

The robust p-values of model 6 show a significant effect, so it can be concluded that the profit 

parameter can be explained as a non-linear parameter. This significant finding means that a step in 

high profits contributes more to utility than a similar step in low profits. The model fit is given with 

the Log-Likelihood and the BIC value, which are -411.92 and 844.35, respectively. 

6.5. Model selection 

In the final model comparison of Table 23, all parameters with significant parameters are compared. 

This overview compares the model based on the number of parameters, Log-Likelihood, Rho-square 

and the BIC value. The model fit through the Log-Likelihood and Rho-square indicates the best model 

estimation of the data. These values are the highest for the V2 2-class model, which outperforms all 

other models but also has the most parameters. Hence, the BIC value for this model is also larger than 

other models. As model parsimony is considered an important criterion of a model, the model with 

the lowest BIC value, model 4, is considered the best fit. 

Table 23. Final model comparison 

Model Parameters Log-Likelihood Rho-square BIC 

Model 1 6 -446.89 0.307 934.79 

Model 3 5 -404.85 0.372 843.88 

Model 4 2 -411.92 0.361 837.51 

V1 2-class 10 -401.30 0.377 853.03 

V2 2-class 11 -398.90 0.381 853.28 

Model 6 3 -411.92 0.361 844.35 
 

Figure 7 shows the final operational model based on model 4. Although several effects from Figure 2 

can be found in the data, multiple classes, direct and indirect effects and non-linear effects for the 

profit parameter, is the final selected choice model rather more simplified. 
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Figure 7. Final operational model based on model 4 

In equation (10), the calculation for the value of time is presented. A willingness to pay for the 

combined hassle can be determined using model 4’s parameter estimates. As the combined hassle 

factor is not represented in a unit of time, unlike the individual hassle factors, the willingness to pay 

for 1 point on the Likert scale of hassle can be calculated. This value is €2554.53. However, as this 

value is rather difficult to interpret due to the Likert scale, the objective attribute estimates of model 

1 were used to determine the value of time for the individual hassle-containing tasks. Based on model 

1, these values are presented in Table 24 and interpreted in chapter Perceived utility7.1.4. 

(10) 

𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑇𝑖𝑚𝑒 =  
𝛽𝑖

𝛽𝑃𝑟𝑜𝑓
 

Table 24. Value of time for each individual hassle factor 

Parameter Value of time Unit 

Length of disruption 443.12 €/day 

Information gathering 159.93 €/h 

Finding a contractor 172.26 €/h 

Subsidy and loan applications 233.56 €/h 

Neighbour consultation 243.30 €/h 
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7. Discussion 

In this chapter, the found results are interpreted and compared to other relevant studies in order to 

determine their value and draw final conclusions. This chapter first analyses the findings compared to 

literature and expectations, from whereon implications and recommendations for society are 

concluded. After discussing possible limitations of the study, recommendations for useful follow-up 

steps are provided. This additional research is outlined to increase the understanding of homeowners’ 

decision-making even further, in an effort to speed up the heat transition. 

7.1. Analysis 

The results of chapter 6 are interpreted and compared to expected findings based on (scientific) 

literature, interviews and the estimated models. It is analysed how homeowners perceive hassle and 

on which aspects they base their decision to adopt a heat pump. 

7.1.1. Perceived hassle 

The regression analysis of the combined hassle factor showed that all five individual hassles are of 

influence on how much hassle a homeowner sees. Their relative importance is shown in Table 10, 

indicating that ‘information gathering’, ‘finding a contractor’ and ‘subsidy and loan applications’ are 

similar in their influence on the perception of hassle. While ‘the length of disruption’ and ‘neighbours 

consultation’ are respectively stronger and weaker. This difference in the influence of the ‘length of 

disruption’ might be due to its visible form of hassle (Koning et al., 2020). People experience this 

disruption as noise and mess during renovations, which might not always be preferred. Renovations 

that take multiple days are rather disruptive, while other hassle factors are more subtle and can be 

planned by the homeowner at a preferred time. All the empirically found hassles, except ‘neighbour 

consultation’, were also found by de Vries et al. (2020). Therefore, this additional hassle factor extends 

literature. However, its low importance towards the perception of hassle, compared to the other 

hassle factor, can be a reason for its missing documentation. The need for an agreement with 

neighbours for placing a heat pump (Klockner & Nayum, 2016) and the caused (noise) disturbance 

(Klimaatroute, personal communication, April 13, 2022), are the main expected influences of this 

factor. However, having a conversation with a neighbour, often a familiar person, can also be 

comforting due to their additional expertise (Broers et al., 2019; Wilson et al., 2015). These reasons 

are possible explanations for its low importance. 

Additionally, it is found that the amount of ‘profit’ a homeowner receives also impacts the perception 

of hassle. An increased amount of profit over the lifetime of a heat pump decreases the perceived 

amount of hassle in an adoption process. That ‘profit’ is a driver for homeowners to adopt a heat 

pump was known. It is even the most important driver, according to Ebrahimigharehbaghi (2022). The 

relationship between hassle and money is also mentioned in de Vries & Kooger (2020), who found 

that money and hassle are the most important choice determinants for energy-efficient applications. 

For this reason, the dependency of ‘profit’ on hassle is maybe not unusual. Homeowners have to 

perform specific actions to adopt a heat pump. These actions create hassle, requiring mental 

bandwidth and energy, for example. The reason for most people to perform these actions is financial 

profit. So, homeowners might make the mental comparison: ‘is this amount of hassle worth the money 

I will receive during the heat pump’s lifetime’? The objective unit labels of money make for an easier 

comparison, especially as hassles are also expressed in an objective unit, time. Hence, hassle is 

perceived by indicating what is required and what it yields. This yield has a soothing influence on the 

perception of hassle, shown by the significance of the profit attribute. It is expected that the vagueness 

of the term ‘hassle’ makes homeowners think about something to compare hassle with, to rate it 
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mentally. Other drivers, such as ‘comfort’ or ‘environmental reasons’, might also influence this 

perceived amount of hassle as it gives them a similar comparison, depending on the vagueness or 

subjectivity of these drivers. The perception of hassle is hence proven to be susceptible to context. 

The use of context can decrease or increase the perception of hassle. In the behavioural public 

administration field, context differentiation through the tools of nudging and sludging can significantly 

affect a choice (Shahab & Lades, 2021; Thaler & Sunstein, 2009). The tools nudging and sludging are 

therefore also concluded to impact the perception of hassle for a homeowner adopting a heat pump. 

7.1.2. Differences in perception 

The measured relative importance of hassle in Table 10 and the indicated importance in Figure 3 show 

different results. The decomposition of importance in determining someone’s hassle perception 

differs between conscious and unconscious. The conscious importance of the ‘length of disruption’ is 

similar to ‘information gathering’, ‘finding a contractor’ and ‘subsidy and loan applications’, compared 

to the unconscious importance, where this first one is by far the most important one. Influences of 

the attribute levels might have influenced this difference. As with a conscious perception, respondents 

might use certain expected levels. During the unconscious consideration, the given values might hence 

be over- or underestimated of the expected mental reference levels. Resulting in differences, possibly 

even amplified by heuristics. Previous research has shown that there can be a considerable difference 

between what people think drives their choices and what actually drives them (Nisbett & Wilson, 

1977). Respondents can be unaware of the existence of a stimulus that significantly influences a 

decision or that the stimulus can affect a certain response (Chartrand et al., 2008). This unawareness 

suggests that people may struggle to understand their cognitive processes and express their true 

perceptions. Therefore, the conscious process of rating the perception of hassle is maybe directed to 

a homeowner’s image of hassle based on causal judgments or theories. While in contrast, the 

unconscious rating of hassle perception is also influenced by situational cues. 

7.1.3. Hassle as an umbrella term 

In Table 12, hassle factors are listed, which were mentioned by the respondents as other important 

factors aside from the hassle attributes of the choice experiment. Eleven factors were mentioned, 

with frequencies ranging from 1 to 4 based on a total of 155 responses. For that reason, the statistical 

significance of these factors is relatively low. However, it shows the variations in perception of what 

are hassles. Several of these factors are quite similar to the originally used attributes. For example, 

one respondent mentioned that specifically finding a reliable contractor is a hassle. It is, therefore, 

discussable if this factor is a stand-alone hassle, as finding a contractor was one of the stated options. 

Other respondents might have clustered the hassle of finding a reliable contractor with finding a 

contractor in general.  

So, possibly not all respondents of the survey felt that the stated options did cover the exact meaning 

or criteria they perceived as hassles. Hassle factor or even the individual hassle factors can be, in that 

sense, umbrella terms for the meant sub-aspects or tasks that actually create most of the hassle of 

the individual hassle tasks. This hassle is expected to be depended on homeowners’ specific 

preferences or past experiences, as not all homeowners agree on the phrasing of the hassles. 

7.1.4. Perceived utility 

Aside from how the hassle factor is composed, perceived hassles are also empirically determined to 

influence the decision of a homeowner to adopt a heat pump. Hassles have rarely been part of 

modelling studies about the decision-making process of homeowners (Du et al., 2022; Friege & 

Chappin, 2014; Hesselink & Chappin, 2019), as it was often overlooked or understudied 
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(Ebrahimigharehbaghi et al., 2020; Hünecke et al., 2019; Lades et al., 2021). That hassles influences 

the decision-making underlines that they should be incorporated into the conceptualisation of a 

homeowner's decision-making process. However, the use of one combined hassle factor describes the 

data better than several individual hassle factors. This conclusion of one combined factor is not 

uncommon, as de Vries et al. (2020) described hassle factors as micro-stressors that combined act as 

a barrier to homeowners’ decision-making. However, empirical evidence for this argumentation was 

lacking.  

The importance of the hassle factors compared to literature are unique, as this study modelled 

specifically Dutch homeowners when adopting a heat pump at the beginning of 2022. These 

boundaries set an important sidenote on the data as, for example, in this period Dutch media 

mentions the many problems of finding a suitable contractor (AD, 2021; EenVandaag, 2022; NOS, 

2017, 2022). Changes in the context of a homeowner, such as social, environmental or institutional 

setting, can shape the perception of homeowners and, with it, the influence of factors on the utility. 

The context in which the research is applied sets boundaries for comparison with other scientific 

literature. The importance of the ‘length of disruption’ is, for example, in line with Schleich et al. 

(2022), who emphasised the effect of this barrier. However, two other modelling studies found this 

factor to be one of the lowest influences on the choice of homeowners (Meles et al., 2022; Voskuyl, 

2021). Where all three of these researches investigated different countries and none of them did 

research specifically on heat pumps. Klockner & Nayum (2016) who also did not look at a new heating 

system but rather on insulation in Norway, found a similarly limited effect for ‘consulting neighbours’. 

These countries, technology and year-specific findings provide a limited comparison, especially 

considering the combination of the non-representable sample of this research. 

7.1.5. Non-hassle effects 

Comparing the relative importance of how unconsciously all hassle factors are perceived (Table 8) and 

how the hassle factors influence the utility of a homeowner (Figure 6), the same order of importance 

comes back. Meaning that the ‘length of disruption’ is the largest determinant of how much hassle 

someone sees, and aside from profit, it is also the largest influence on a homeowner's utility. The de-

hassling effect of ‘profit’ has relatively the smallest influence on the total amount of perceived hassle, 

but rather is the largest utility contributor. This finding is not unexpected, as ‘profit’ also has a non-

hassle effect on the utility. The linear non-hassle effect is the financial stimulus, which in total makes 

this attribute the largest contribution to utility. The found non-linear effect of profit is disregarded as 

it is not indicative enough for extra parameter estimation.  

The direct non-hassle effects can also be observed from the attributes ‘the length of disruption’, 

‘information gathering’ and ‘subsidy and loan applications’ in Table 15. In this model, the hassle effects 

of these attributes are included in a combined hassle factor, while the remaining direct effects indicate 

that the factors are not purely seen as hassles but also as other barriers influencing a homeowner's 

decision. These remaining direct effects are unidentified and somewhat small, as can be concluded 

from Figure 7. However, for a complete picture of the decision-making process should these direct 

non-hassle effects be identified further. 

7.1.6. Value of time 

Aside from the fact that the combined hassle factor is a better predictor of the data than the individual 

ones, is a combined factor also more important in decision-making than financial ‘profit’. This finding 

is unique, as the effect of money compared to the effect of hassle on a homeowner’s decision to adopt 

a heat pump was unknown. The amount of money that people are willing to pay for convenience was 
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undetermined (de Vries & Kooger, 2020) and the result of this study provides for a better 

understanding of decision-making. The willingness to pay value is on average €2555 per Likert point 

of Hassle. In comparison, the value of times of each sub-factor of hassle, which is listed in Table 24, is 

roughly around €200/h. Meaning that with a decrease of one hour in work of these tasks, on average, 

all the respondents would be willing to pay €200. These values are relatively high, as the Netherlands' 

minimum wage is only around €10/h and these values are roughly 20 times higher (Rijksoverheid, 

2022). With interpreting these values, it should be noted that results are based on a biased sample 

mainly containing highly educated and income respondents. This bias is expected to overrepresent 

the average value of time, as respondents with high incomes are expected to value their time on 

average more. In addition to this bias, the notion should be made that the amount of received ‘profit’ 

is used for a value of time. The bias loss aversion is hence expected to have played a role. Meaning 

that the perceived value of a loss is higher compared to the same value of gain. This bias can be 

explained by prospect theory, where people weigh the utility of ‘receiving money’ as less than 

‘spending money’ (Kahneman & Tversky, 1979). This bias is not uncommon for renewable energy 

projects (Bartczak et al., 2017). The term ‘willingness to pay’ for these values is despite its frequent 

use, not correct as people are not spending money but are receiving money (Grutters et al., 2008). 

The term ‘willingness to accept’ is thus more appropriate. Loss aversion and a sample bias can hence 

be reasons for possible overrepresentation of the values of time indicators. 

7.1.7. Heterogeneity of homeowners 

The finding of two heterogeneous groups within the data shows useful insights for understanding the 

effect of hassle. A different hassle sensitivity among the population indicates that people perceive the 

psychological cost of hassle differently. Possible differences can occur due to a limited cognitive 

bandwidth as it is found that those people have more difficulties in overcoming the effects of sludge, 

a deliberate form of hassle (Shafir & Mullainathan, 2013; Shahab & Lades, 2021). Such latent attitude 

values might be valuable for the identification of these groups. Enpuls and Motivaction also clustered 

people based on their attitudes towards sustainable energy applications (Enpuls, 2018; Thijssen et al., 

2020). This type of clustering is expected to provide more explanation of different preferences, as 

identifying groups within this study was unsuccessful. The use of mainly socio-demographic and 

dwelling characteristics was not indicative. Predictive covariates were not shown to be significant, and 

the use of inactive covariates for describing the respondents showed no clear differences between 

the two classes. 

However, these two different groups can be characterised based on their parameter estimates. The 

first class, a vast majority of 81% of the total sample, are likelier to choose alternatives with low hassle 

and a high profit. This first group prefers especially a low value for the attribute ‘the length of 

disruption’ and clearly, above all, wants the most ‘profit’. While ‘finding a contractor’, ‘information 

gathering’ and ‘subsidy and loan applications’ are somewhat of similar importance as the next 

determinants for minimising. The hassle factor ‘consulting a neighbour’ is not found to be different 

among the classes, and even its effect in general, when using two classes, can be concluded not to be 

indicative. The second class is much less sensitive to hassle minimisation and profit maximisation. The 

second class prefers, above all, a low ‘subsidy and loan application process’, which is also not class 

unique but is significant and hence has the same value as in class one. The second most important 

determinant is minimising the amount of profit, which is an unexpected finding. Such findings are, 

however, also found when looking more closely at the values of the other attributes. The estimates 

‘length of disruption’, ‘finding a contractor’ and ‘information gathering’ come sequentially next in 

order of importance, where the supposed hassle attribute ‘finding a contractor’ is actually preferred 

to be maximised instead of minimised. The standard error of all the values, except ‘subsidy and loan 
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applications’ as that is a class-independent attribute, show extremely high values compared to their 

parameter estimates. These high standard errors occur due to the relatively small sample group of 

19% of the total data (i.e. approximately 29 persons). A small group is hence more susceptible to 

measurement errors, which in this class heavily influences the reliability of the data. Due to this 

unreliability of the estimates, the willingness to accept indicators are not estimated for both individual 

classes. 

7.2. Implications and recommendations 

This study empirically concluded that the psychological barrier of the hassle factor influences 

homeowners’ decision-making. This insight is useful for local governments, as it should be considered 

when trying to achieve the Dutch objectives for the heat transition. Hassles can collectively feel like a 

larger barrier than the monetary driver of expected profit. The Dutch heat transition can hence be 

hindered as hassles can lead to procrastination and inaction. Therefore, homeowners should not be 

seen as only economical driven for that sense, but rather also focused on ease. So, to reach the goal 

of (local) government(s), interventions to tackle hassles are needed to promote and accelerate the 

heat transition in the Netherlands. 

Policymakers can implement these practices by reducing hurdles for homeowners. Specifically, it can 

be performed by decreasing the administrative burden of ‘subsidy and loan applications’ by prefilling 

in forms, decreasing the (complexity of) steps and stimulating the requests of applying for subsidies 

and loans (de Vries et al., 2020; Shahab & Lades, 2021; Thaler & Sunstein, 2009). Interventions could 

also be targeted at reducing the hassle of ‘information provision’ with convenient, concise and 

consistent information. Proving such information about energy savings, costs and necessities of 

different heat pump alternatives are ways to experience less hassle for homeowners (Broers et al., 

2019; de Vries et al., 2020; Wilson et al., 2015). Possible other options should focus on decreasing the 

‘length of the disruption’ and ‘finding available contractors’ and decreasing the barrier of ‘neighbour 

consultation’. With these barriers, also business opportunities arise as contractors can focus on 

providing short ‘disruption times’ and increasing their publicity to be found faster by a wider public. 

More broadly speaking, consumer-centred services such as offering a one-stop shop can help decrease 

hassle (Bertoldi et al., 2021; de Vries et al., 2020; Tigchelaar, van Lidth de Jeude, et al., 2019). These 

businesses can take out the perceived hassle for homeowners by applying for subsidies and loans, 

finding a contractor, providing information and/or possibly engaging in discussions with neighbours. 

Other examples, such as creating a (digital) platform to connect contractors with homeowners offer 

useful services. Interest in these hassle-free packages exists, as concluded earlier by de Vries & Kooger 

(2020). 

The value of time indicators for the specific hassles, found in Table 24, can be used as a tool by both 

businesses and governments to identify the appropriateness and profitability of providing such 

‘hassle-free’ alternatives or interventions. It should be noted that these values provide the most 

usefulness for similar groups as the sample respondents of this study, which contained mainly highly 

educated and income respondents. 

Aside from providing hassle-free alternatives, context differentiation can be used to decrease the 

perceived hassle, by using psychological barriers as an advantage in stimulating the heat transition. 

Proposed intervention tools to steer homeowners to choose more (societal) preferred alternatives are 

nudges and sludges. An example can be making use of social norms in creating comparisons between 

the negative externalities of natural gas heating and the sustainable benefits of heat pumps. These 

tricks can also be used to decrease the negative effect of the specific found hassles on adoption. 

Informational videos or checklists on which aspects someone should focus on can be used as nudges 
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to inform homeowners on the most important aspects of adopting a heat pump. Profit is found to 

decrease how much hassle is perceived, which verifies that emphasising this gain can provide a lower 

perceived hassle. This effect decreases the negative influence of hassle on utility and thus provides 

higher adoption levels. Highlighting certain benefits can hence also be used as a nudge. Additionally, 

this insight can also be used to create an ‘acceptable’ level or threshold of hassle by decreasing or 

increasing the amount of profit for a homeowner through changing subsidy levels or prices for 

businesses. 

To better understand the influence of nudge and sludge, audits are suggested by Sunstein (2020). 

Annual nudge and sludge audits are periodic reviews to help identify where and when sludge exists 

and if it needs to be reduced or increased (Shahab & Lades, 2021; Sunstein, 2020). These audits should 

be focused on (Shahab & Lades, 2021):  

1) breaking up processes into required actions;  

2) choosing appropriate methods;  

3) recruiting relevant participants;  

4) asking the right questions; 

5) communicating the benefits of sludge audits.  

This approach can provide policymakers and businesses with a way to identify the existence of 

practical (unnecessary) hassles. The effect of nudge and sludge is not always understood, so it requires 

careful consideration before applying it (Schmidt & Engelen, 2020; Sunstein, 2020). Within the 

population there are two groups which react differently (strongly and less strong) to the influence of 

hassle. An intervention to decrease the amount of hassle will hence not influence the whole 

population, but mainly the hassle sensitiveness group, roughly 81% of the total population. This 

unclear effect of interventions was also reinforced by the differences between the conscious and 

unconscious perceptions of hassle. People are to certain degrees unaware of their true preferences, 

and hence the existence of an unaware stimulus can affect a certain response. Too much emphasis on 

conscious perceptions might result in unexpected differences in the actual adoption. This difference 

between conscious and unconscious should be considered an extra dimension when intervening in 

this field. 

7.3. Limitations 

This research is subjected to theoretical and methodological limitations. The three main limitations 

are discussed. 

7.3.1. Actual influences 

The data collection made use of stated preference data. This type of data made the survey suspectable 

to a hypothetical bias. The use of fictional choice sets with attribute levels which are not tailored to 

specific home situations and do not have an opt-out option decreased the validity and 

representativeness of the true choice preferences of homeowners. Using five different hassle factors 

and the additionally included profit attribute in the choice/rating experiment primes the factors and 

can make homeowners more focused on hassle than they would be in real life. The attribute 

parameter estimates can hence be different in reality, even though several mitigation strategies were 

performed. This priming is possibly reinforced by situational cues or implied context from the 

respondents' environment, as it is found that these factors can influence decision-making. Lecouteux 

(2016) argues that a choice architect should frame the choices in a way that the true preference of a 

decision-maker can be pursued. However, not all factors regarding homeowner’s decision-making can 

be presented as also the complexity of the choices, the expected completion rates, and the goal of 
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this study should be taken into account. Furthermore, additional interviews with policymakers, 

homeowners or other interest groups could have improved the realism of the survey. However, based 

on this study's limited time scope, these extensions were not feasible and provided a pitfall for the 

chosen methods. 

7.3.2. Representativeness considerations 

This research’s exploratory nature is highly suitable for discovering new findings (Schwab & Held, 

2020). Nevertheless, due to the biased sample, the collected data cannot be considered an accurate 

representation of the actual homeowner population in the Netherlands. Filling in the survey can 

already be seen as a hassle, which made it less likely to find the influence of hassle in general. People 

might not fill in or complete the survey, which underrepresents the effects of hassle on the average 

population. That the survey is perceived as a hassle is visualised by the 44% of respondents who did 

not finish the survey. Additionally, the feedback and reactions retrieved during its distribution also 

indicated this presumption. The reactions differed from perceiving it as useful research, to finding 

extreme aversion, to finding the survey too complicated to fill in or to distribute (according to network 

gatekeepers). 

7.3.3. Potential differences due to model estimation 

The performed choice experiment is based on a RUM-based DCM. A RUM model assumes full rational 

behaviour and independence of the performance of other alternatives or reference levels. It is, 

however, questionable if such an assumption holds in homeowner decision-making, even if we assume 

hassles are known by households and taken into account in the expected utility. Chapter 3 concluded 

that homeowners do not act rationally but behave based on behavioural biases. A different model 

that takes to some degree this bounded rationality into account is the Random Regret Minimization 

(RRM) theory, where other alternatives and reference levels are important. Certain context 

differentiations can break this reference level's independence. RRM is based on the wish to avoid a 

situation where a non-chosen alternative turns out to be more attractive than the chosen one, which 

would cause regret (Chorus, 2010; Chorus et al., 2008, 2014). Underlying here is the fact that ‘avoiding 

a loss’ is more important than ‘pursuing an equal gain’, an assumption of loss aversion. Regret 

minimisation can hence also come in the form of regretting effort or time, for example. This 

behavioural economic perspective opens up the discussion if regret minimisation is an appropriate 

consideration for the hassle models. Regret aversion plays a role in cases where 1) respondents 

believe a choice is important; 2). choices are perceived as difficult; 3) respondents think they need to 

explain a choice (Zeelenberg & Pieters, 2007). If respondents actually feel these three aspects are 

unknown, it would be interesting to look at the model fit of estimated regret models. RUM models 

are by far the most used models and hence provide a proxy of the behaviour, other models, such as 

the RRM model, could possibly better explain the behaviour of homeowners. Application of the RRM 

model in this study was nevertheless not possible due to the inclusion of only two alternatives, which 

makes an RRM model similar to a RUM model (Chorus, 2010). 

7.4. Further research 

Based on this research, several future research topics are suggested. First, additional research based 

on studying the model fit using both an RRM model and a RUM model is proposed. The creation of a 

better fitting model can provide more reliable parameter estimates and explain homeowners' 

decision-making. Including an extra third alternative within the survey can provide the option to 

estimate both RRM and RUM models. A possible hybrid model of RUM and RRM can also be used, as 



54 
 

these can outperform both RUM and RRM models in some instances (Chorus et al., 2014; Kim et al., 

2014). Comparing these models can determine the best behavioural fit of the data. 

Next, to better understand homeowners’ decision-making, the influences of the found non-hassle 

effects can be further investigated using a Structural Equation Model (SEM). SEM allows for the study 

of direct and indirect effects by simultaneous estimation. The indirect effect of attributes through the 

hassle construct and its direct effect on utility can hence be estimated. An SEM helps account for 

endogeneity of these attributes and can explain the other non-hassle effects of non-monetary 

transaction costs. However, when including an SEM and an LCA, a hybrid choice model is also proposed 

to include in the estimation of the measurement errors of latent attitudes (Molin & Kroesen, 2022). 

Therefore, the parameter estimates can give new insights. 

Furthermore, estimating a larger and more representative sample (possibly through revealed 

preference data) can provide exact and more reliable parameter estimates. These estimates and the 

different value of time indicators can be used to identify specific interventions to stimulate the 

adoption of heat pumps for hard-to-convince groups. These (hard-to-convince) groups are found 

based on the initial evidence of hassle sensitiveness within the population and are expected to be 

identifiable based on attitude differences. So, using these reliable group parameter estimates, 

possible next steps, such as intervention simulation with scenario modelling, can be done. A larger 

and representable sample can hence provide as a doorway to determining the effectiveness of 

interventions through simulation. 

Extending the research field, the effects of hassles on other sustainable heating appliances or the 

effect on renters or members of homeowners' associations can provide a useful comparison. The 

effect of hassle on energy efficiency applications is rarely considered. So comparing hassle in field-

specific research can, for example, determine if increasing the hassle of non-preferred alternatives 

(sludging) is more effective than decreasing hassle (nudging) within the heat transition. However, 

possibly other hassle factors not included in this study can be of influence. Examples of such hassles 

can be hassle subparts, hassles mentioned in Table 12 or additional hassles identified through new 

search terms within a literature review, such as ‘effort’, ‘transaction costs’, ‘friction’ and ‘stress’. 

Other research extensions can look at hassle during natural decision-making moments. These are 

moments such as household composition changes, planned renovations or heating system 

breakdowns. These natural or salient events are found to be influencing the perception of barriers of 

homeowners (Broers et al., 2019; Wilson et al., 2015). The perceived hassle is hence also expected to 

be influenced, and possibly those moments provide for better system intervention times. 

Lastly, the difference between the conscious and unconscious influences on decision-making is a 

unique insight within this study. Exploring this difference can show why (possible) over- or 

underestimation of the effectiveness of interventions can be occurring. 
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8. Conclusion 

This research has analysed the effect of (several) hassle factors on the decision-making of Dutch 

homeowners. Through the use of a literature review, interviews and a survey/choice experiment an 

overall conclusion to the research questions is found. The answer to each of the four sub-questions is 

discussed, which jointly answer the main research question. 

1. Which hassle factors influence homeowners’ adoption of heat pumps? 

 A literature review regarding the decision-making process of homeowners was performed to gain 

insights into the influences on homeowner adoption. In the literature review, it was concluded that 

homeowners do not base their decision solely on rational (economic) influences but are also sensitive 

to behavioural biases and psychological barriers. Here hassle can be a large trigger for inaction or 

delays. 

Therefore, several hassle factors in scientific literature can be perceived as psychological barriers. 

Interviews were performed with experts to scope down to the decision-making process of heat 

pumps. Based on their insights, five main hassle factors were concluded that barrier the adoption 

process of heat pumps: 1) the length of disruption; 2) information gathering; 3) finding a contractor; 

4) subsidy and loan applications; 5) consultation with neighbours. Other found barriers do either not 

play a (significant) role during the decision-making of heat pumps, can be seen as a sub-aspect of an 

overarching hassle factor or a consequence of hassle factors. 

2. How are hassle factors perceived by Dutch homeowners when adopting a heat pump? 

That hassle factors can be a barrier to the decision-making of homeowners is concluded in the first 

sub-question. This second sub-question investigated and proved that Dutch homeowners also 

perceived these factors as barriers. With the use of an online survey and rating experiment, 

homeowners were studied regarding their indicated conscious importance and their underlying 

unconscious preferences towards hassle. The outcomes of these two measurements differ from each 

other, which shows that hassle is perceived different consciously from unconsciously. 

The directly conscious perceptions indicated a similar strength of the four hassle factors: 1) finding a 

contractor; 2) subsidy and loan applications; 3) the length of disruption; 4) information gathering. With 

the fifth hassle factor, ‘consultation with neighbours’, which is perceived as the least important one. 

The indirectly unconscious perceptions indicated rather only a similar strength of the factors: 1) 

subsidy and loan applications; 2) information gathering; 3) finding a contractor. While the ‘length of 

disruption’ was significantly more important and ‘consultation with neighbours’ was again perceived 

as the least important of those five hassles. However, additionally, the amount of profit is seen as a 

negative influence. The amount of profit, which was the smallest in relative strength, showed a 

statistically significant de-hassling effect. This effect indicates that context, such as drivers, could help 

decrease or increase the perceived amount of hassle. 

3. How are hassle factors traded off by Dutch homeowners? 

Next to the perception of hassle, is the influence of this perceived hassle on Dutch homeowners’ 

decision-making studied. With the help of a stated choice experiment, several choice sets were used 

to measure the relative importance of the several hassle attributes. These attributes were the five 

hassle factors of sub-question one that form a barrier in the decision-making process and the 

additional driver of financial profit. Homeowners trade off these hassle factors not as individual 

factors, but rather as one combined hassle factor. This combined hassle factor is more important than 
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the amount of financial profit a homeowner will receive. Homeowners are, therefore, also heavily 

driven by ease in their decision-making process. The determination of several value of time indicators 

for the individual hassle factors in Table 24, shows the monetary value of the average respondent’s 

willingness to accept for an increase in one hour (or day) of extra hassle. 

4. Which differences among homeowners can be identified based on how they trade off hassle 

factors? 

Additionally, a latent class analysis is performed to see if heterogeneous clusters within the population 

are existent, based on how they trade off hassle factors. Two different clusters of people were found. 

The first cluster, 81% of the sample, shows a rather large aversion to all hassle factors and a large 

preference for a high amount of profit. The smaller second cluster is much less sensitive to hassle and 

profit. These two findings indicate that interventions to decrease or increase hassle will influence the 

adoption behaviour within those groups differently. However, for the parameter ‘subsidy and loan 

applications’, this is untrue and it is concluded that a similar effect in both groups is expected. Also, 

the hassle factor ‘consulting a neighbour’ is not found to be different among the classes. Its effect, in 

general, can even be concluded not indicative. Efforts to further predict or describe the two clusters 

with the measured socio-demographics, dwelling characteristics and the covariate sustainable 

orientated showed to be inadequate. 

To conclude, the answered sub-questions build upon each other in a way to answer the main research 

question: “Which hassle factors are a barrier for Dutch homeowners to adopt a heat pump and to what 

extent do these factors influence homeowners’ decision-making?”. The empirical identification, 

specification and influence determination of hassle in this study makes a valuable insight for decision-

making research to incorporate hassle as a behavioural barrier in the decision-making process of heat 

pumps. The perceptions of homeowners show that ‘the length of disruption’, ‘information gathering’, 

‘finding a contractor’, ‘subsidy and loan applications’, and ‘neighbours consultation’ are perceived as 

hassles and the first three are even traded off differently among the two types of groups that exits in 

the population. Interventions to decrease the perceived amount of hassle can provide valuable 

accelerations for the Dutch heat transition. The perception of hassle can, aside from removing a 

barrier, also be influenced by the degree of profit and context differentiations via nudges and sludges. 

However, it should be noted that there are differences in conscious and unconscious perceptions of 

hassle, which makes interventions not completely predictable in their outcome. 

The finding of the relative importance of the individual and combined hassle factor(s) as a barrier in a 

homeowner's decision-making process is empirical evidence for the influence of psychological 

decision-making.  
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Appendix A – Summary expert interviews 

TNO 

- Making a neighbourhood natural gas-free is a process in which residents go through different 

steps individually. This process begins with ‘Becoming aware of natural gas-free as an issue’ 

(Step 1) and ends with ‘Becoming an ambassador’ (Step 9). Residents find themselves at 

different steps of the customer journey. They can get stuck at each step if there is not enough 

of a reason to move on to the next one. Residents don't act solely on financial aspects. Their 

behaviour is influenced by the drivers and barriers in each step. The distribution of drivers and 

barriers across the different steps of the customer journey provides starting points on the type 

of information and support that residents need (Koning et al., 2020). 

- There are many different sustainable solutions. People want to know what is the best solution 

considering their personal situation (their house and their personal drivers) and the plans of 

the municipality.  There is uncertainty about the choices to be made. 

- Additionally, the lack of contractors makes the installation of heat pumps difficult (NOS, 2022). 

- Additional barriers in the decision-making process can be: 

o Concerns about the disturbance of the installation; a noisy renovation or lots of people 

passing through (Koning et al., 2020). 

o Application process of subsidies. To facilitate the grant application process, a counter 

could be set up where homeowners can get support, for example through collective 

applications by intermediary organizations, and where both the subsidy and an 

energy-saving loan can be taken out (Rovers et al., 2021). 

o Perception of the noise a heat pump generates (Koning et al., 2020). 

o Cleaning up a house or loft before the actual renovation (de Vries & Kooger, 2020). 

- Value based design can be helpful; exploring the core psychological values that are important 

to people, the real drivers or motivators of people. From there, energy products and services 

can be designed that correctly address these drivers.  

- New drivers to adopt natural gas-free solutions may be added. E.g. solidarity for people 

suffering from the war in Ukraine can now be a driver. In earlier research solidarity with the 

people in Groningen was found as a driver (Koning et al., 2020). 
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Klimaatroute 

- Online there is not much reliable information about heat pumps, it is easier to find complaints. 

Noise complaints are an example, which might result in discussions with a neighbour 

depending on the relationship. However, current heat pumps do not produce that much noise. 

- There is a lack of contractors to install a heat pump. People can have to wait over a year to get 

a heat pump installed. At the same time, contractors do not always want to be re-schooled in 

installing a heat pump. Additionally, there is a lack of heat pumps due to a global chip 

shortage. 

- Subsidy and loan applications are a barrier for households. For example, you can only retrieve 

the subsidy after having paid the contractor. Partly because of this, low-income households 

have it more difficult to buy a heat pump.  

- The costs of an all-electric heat pump are around €10.000 with a possible subsidy of €3.000, 

while a hybrid heat pump is €4.000 with a subsidy of €1.800. 

- Buying a heat pump is a conscious step for households, where the influence of social peers can 

help give confidence to the business case. People have difficulty looking over a period of 10 

years or more, especially as you do not see the effect of buying a heat pump on house prices, 

due to the current housing climate. However, due to governmental influence, gas prices are 

expected to keep on an elevated level. 

- The disruption of a household is minimal for the single instalment of a heat pump. The 

disruption is much higher when additional renovations are being performed. 

- Cleaning a room in order to do renovations is often not considered a barrier. 

- There is similar or less maintenance with a heat pump than with a natural gas boiler. 

- Additional barriers for households can be: 

o The extra needed space, especially for all-electric heat pumps with a buffer vessel. 

o That heat pumps do not fit in the neighbourhood aesthetics. 

o The idea of heat pumps being a new development, which is the contrary. 
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Appendix B – Additional information regarding literature review 

Table 25. Additional information regarding literature review 

Where: 1). Meles et al. (2022); 2). Du et al. (2022); 3). Schleich et al. (2022); 4). Sanguinetti et al. (2021); 5). de Vries et al. 

(2020); 6). Ebrahimigharehbaghi et al. (2020); 7). Chen et al. (2019); 8). Azizi et al. (2019); 9). Ebrahimigharehbaghi et al. 

(2019); 10). Hesselink & Chappin (2019); 11). Klockner & Nayum (2016); 12). Snape et al. (2015); 13). Pettifor et al. (2015); 

14). Wilson et al. (2015); 15). Qiu et al. (2014); 16). Stieß & Dunkelberg (2013).  

Article Country Application Main type of study Respondents 

1 Ireland Renewable heating system Discrete Choice 
Experiment 

408 

2 - Energy-efficient renovations Literature study - 

3 Poland, Sweden, 
United Kingdom 

 New heating system Discrete Choice 
Experiment 

1963 

4 United States Solar water heater Survey 227 

5 - Sustainability measures Literature study - 

6 Netherlands Renovations Survey 3776 

7 United States Energy efficiency measures 
and renewable energy systems 

Survey 519 

8 Sweden Energy renovation Survey 443 

9 Netherlands Energy-efficient renovations Survey 2784 

10 - Energy-efficiency measures Literature study   - 

11 Norway Energy-efficient renovations Survey 3787 

12 United Kingdom Heat pumps Agent-based model - 

13 United Kingdom Energy-efficient renovations Repeated survey 1028 and 502 

14 - Energy-efficient renovations Literature study - 

15 United States Energy-efficiency measures Survey 432 

16 Germany Energy-efficient refurbishment Survey 1008 
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Appendix C – Ngene syntax 

design 
;alts = alt1*, alt2* 
;rows=12 
;eff = (mnl,d) 
;block= 2 
;model: 
U(alt1) =  b1[-0.01]*disruption[0,1,2] + 

b2[-0.01]*information[0,1,2] +  
b3[-0.01]*contractor[0,1,2] +  
b4[-0.01]*subsidy[0,1,2] +  
b5[-0.01]*neighbours[0,1,2] +  
b6[0.01]*profit[0,1,2]/ 

U(alt2) =  b1*disruption +  
b2*information +  
b3*contractor +  
b4*subsidy+  
b5*neighbours +  
b6*profit 

$ 
 
  
Table 26. Accompanied explanation of coding used within Ngene syntax 

Factor 0 1 2 

Length of disruption 1 day 4 days 7 days 

Information gathering 1 hour 5,5 hours 10 hours 

Finding a contractor 2 hours 5 hours 8 hours 

Subsidy and loan applications 1 hour 5 hours 9 hours 

Neighbours consultation 0 hours 2 hours 4 hours 

Profit € 0 € 3000 € 6000 
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Appendix D – Experimental design 

Table 27. Experimental design 

*The explanation of the Ngene coding is mentioned in appendix C. 

  

Choice 
situation 

LengA InfoA ContA SubsA NeigA ProfA LengB InfoB ContB SubsB NeigB ProfB Block 

1 2* 0 2 1 2 2 0 2 0 1 0 0 1 

2 1 2 2 1 0 2 1 0 0 1 2 0 1 

3 2 0 0 0 0 1 0 2 2 2 2 1 1 

4 2 1 0 1 2 1 0 1 2 1 0 1 2 

5 0 0 1 2 1 0 2 2 1 0 1 2 1 

6 2 2 1 2 0 0 0 0 1 0 2 2 2 

7 1 1 2 0 2 0 1 1 0 2 0 2 2 

8 1 2 0 2 2 1 1 0 2 0 0 1 1 

9 0 1 1 0 1 0 2 1 1 2 1 2 1 

10 0 0 1 2 1 2 2 2 1 0 1 0 2 

11 1 1 2 1 0 1 1 1 0 1 2 1 2 

12 0 2 0 0 1 2 2 0 2 2 1 0 2 
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Appendix E – answer distributions to rating and choice experiment 

Table 28. Answer distribution to first 12 choices of the rating experiment 

  

Table 29. Answer distribution to second 12 choices of the rating experiment 
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Table 30. Answer distribution of the choice experiment 
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Appendix F – SPSS output factor analysis 

Table 31. Descriptive statistics of the factor analysis 

 

Table 32. Correlation matrix of the factor analysis 

  

Table 33. KMO and Bartlett's test of the factor analysis 

  

Table 34. Communalities of the factor analysis 
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Table 35. Total explained variance of the factor analysis 

 

 
Table 36. Factor matrix of the factor analysis 

   
 
Table 37. Rotated factor matrix of the factor analysis 
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Table 38. Factor transformation matrix of the factor analysis 
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Appendix G – Open responses of hassle factors in the survey 

 

• Levering van de pomp is een probleem, overal een jaar wachttijd op levering. 

• Verhuizing binnen vijf jaar, angst voor aanvullende werkzaamheden binnenshuis. 

• Laten bepalen welke warmtepomp voor ons oude en moeilijk te isoleren huis geschikt is. 

• Business case rond krijgen (elektra verbruik gaat nl fors omhoog en dat t.o.v. een beperkte 

vermindering van ons gasverbruik. 

• Levertijden en vooral levensduur ofwel hoe duurzaam is de nieuwe apparatuur! 

• De kosten die gepaard gaan met het voldoende isoleren van een jaren 30 woning. 

• Winstgevendheid. 

• Of het technisch en praktisch haalbaar is. 

• Ruimtegebrek voor de installatie. 

• Geen idee wat de mogelijkheden zijn. 

• Vergunningen aanvragen bij gemeentes die niet meewerken. 

• Overlast van de warmtepomp. 

• De kosten die ik moet betalen en de ruimte in huis die ik moet opofferen. 

• De prijs. 

• Of er wel ruimte in/rond de woning is voor een warmtepomp. 

• Oplossing creëren die zon-thermisch werkt en buffert, met de warmtepomp als component. 

• Uitrekenen of het winstgevend is. 

• Technisch en esthetisch inpassen in oude woning (<1900) met beperkte ruimte. 

• Overall blik op energievoorziening woning krijgen. 

• Een aannemer vinden is één, een BETROUWBARE aannemer vinden, die levert wat je verwacht, is 

afwachten. 

• Keuze maken. 
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Appendix H – Apollo code MNL model 
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Appendix I – Profiles V1 2-class model 

Table 39. Profiles of the V1 2-class model  
Class1 Class2 

Class Size 81% 19% 

Attributes Class1 Class2 

Length of disruption 
  

1 day 72% 40% 

4 days 22% 33% 

7 days 7% 27% 

Mean 2.05 3.60 

Information gathering 
  

1 hour 68% 37% 

5.5 hours 8% 30% 

10 hours 24% 33% 

Mean 0.20 0.46 

Finding a contractor 
  

2 hours 51% 31% 

5 hours 31% 33% 

8 hours 19% 36% 

Mean 4.05 5.14 

Subsidy and loan application 
  

1 hour 51% 51% 

5 hours 31% 31% 

9 hours 19% 19% 

Mean 3.72 3.72 

Profit 
  

0 euro  1% 44% 

3 euro 9% 32% 

6 euro 90% 24% 

Mean 5.67 2.41 

Inactive covariates Class1 Class2 

Gender   

Male 61% 50% 

Female 38% 50% 

Other 1% 0% 

Age group 
  

18-25 3% 4% 

26-35 9% 9% 

36-45 17% 7% 

46-55 28% 31% 

56-65 33% 31% 

65+ 9% 17% 

Empty 1% 0% 

Education 
  

VMBO, MAVO, MBO-1, HAVO-, VWO-first half 2% 4% 

MBO 2-4, HAVO, VWO completed 9% 10% 

HBO-, WO-bachelor                       31% 37% 

HBO-, WO-master, Doctor                 58% 49% 

Other 1% 0% 
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Income 
  

€ 10.000 - € 20.000             2% 0% 

€ 20.000 - € 30.000             2% 4% 

€ 30.000 - € 40.000             7% 8% 

€ 40.000 - € 50.000             6% 10% 

€ 50.000 - € 100.000            45% 37% 

€ 100.000 - € 200.000           23% 24% 

More than € 200.000              2% 0% 

Empty 13% 16% 

House type 
  

Flat/ apartment/ gallery apartment / maisonette 13% 21% 

Corner house 14% 9% 

Terraced house 40% 40% 

Semidetached house 17% 20% 

Detached house 13% 4% 

Other 2% 2% 

Empty 1% 3% 

Construction year 
  

Older than 1945 29% 44% 

1945-1955 5% 0% 

1955-1965 5% 4% 

1965-1975 13% 11% 

1975-1985 10% 6% 

1985-1995 9% 18% 

1995-2005 12% 11% 

2005-2015 11% 1% 

2015-2022 5% 0% 

Empty 1% 5% 

Years of residency   

0-5 years 36% 24% 

6-10 years 12% 9% 

11-15 years 17% 11% 

16-20 years 15% 12% 

21 year or more 20% 39% 

Empty 1% 5% 

Sustainability  
  

2 (Not sustainable orientated) 1% 2% 

3 0% 7% 

4 2% 0% 

5 3% 0% 

6 2% 2% 

7 1% 0% 

8 4% 5% 

9 5% 5% 

10 13% 8% 

11 11% 9% 

12 18% 13% 

13 17% 18% 

14 (Really sustainable orientated) 21% 25% 

Empty 1% 5% 
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Employment 
  

Fulltime employed 53% 40% 

Parttime employed  17% 25% 

Self-employed 16% 12% 

Unemployed 2% 2% 

Housewife/-man 2% 0% 

Retired 11% 18% 

Empty 0% 3% 

Surface area 
  

Less than 50 m2 1% 0% 

50-74 m2 4% 5% 

75-99 m2 18% 22% 

100-149 m2 41% 41% 

150-250 m2 31% 21% 

250 m2 or more 3% 0% 

Empty 2% 11% 

 


