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Summary 
Introduction 
The European Union has set ambitious goals in terms of reducing energy consumption in the building 

stock. The Dutch government has translated these goals and has obliged housing associations to 

reduce the gas and energy use in the social housing stock. Energy efficiency investments (energy 

retrofitting) are necessary to achieve these goals. Dutch law states that housing associations are 

required to obtain consent of at least 70% of the tenants in a building complex to renovate and set a 

consequential rent increase. Literature suggests limited attention, the absence of knowledge about 

the benefits and unwillingness to obtain it, could lead to less adaption of energy efficient behavior. 

Information provision could decrease this effect. Therefore this research focusses on answering the 

research question: how much can information provision affect tenants’ willingness to accept the 

energy efficiency investment and the corresponding rent increase?  

The research is built up by first studying literature describing the underlying behavioral motives in 

environmental behavior, the relative importance of these motives and the influence information 

appealing to these motives has on environmental behavior. The energy efficiency investments used in 

practice are then examined. Then the valuation tenants have for the attributes of these investments 

is studied in a stated choice experiment. The experiment includes information treatment in order to 

derive the effect information provision has on the preference of social tenants for energy retrofitting. 

The results of the experiment are used to determine which information approach could best be used 

for four different retrofitting approaches widely applied in the Netherlands. Literature research on the 

behavioral motives of environmental behavior suggests three behavioral motives as basic motivation 

to engage in environmental behavior; the gain motive, hedonic motive and normative motive. The gain 

motive describes the motivation to engage in pro-environmental behavior because of the monetary 

advantages. The hedonic motive is based on the enjoyability and easiness of the new situation or 

behavior. The normative motive describes the motivation to behave a certain way because it is the 

right thing to do. The literature shows that information appealing to the behavioral motives (feedback 

on energy use, In-house displays, posters and online dashboard with information, information about 

health effects, etc.) does affect individual energy-saving behavior. 

Method 
A stated choice experiment conducted in this research has quantified the social housings tenants’ 

preferences for six attributes of the energy efficiency investments and the effect information 

treatment has on this valuation. The six attributes are based on the measures used in practice. Social 

housing associations have two main routes in which they can improve the energy efficiency of their 

dwellings: insulating to reduce energy use or installing solar panels to produce energy. Insulation can 

be done in two extents and combined with the production of energy. Furthermore, the replacement 

of dwelling appliances such as boilers and heating systems with new, HR versions, can additionally 

contribute to reducing energy consumption. Using the four approaches developed by Aedes, the 

following attributes of retrofitting seem to be important choice variables when designing the 

retrofitting package: (i) technique used: insulation or solar panels; (ii) yes or no gas displacement; (iii) 

energy savings achieved; (iv) rent increase faced by tenants; (v) reduction in CO2 emissions; (vi) 

additional stimulating measures like renewal of the facilities in the dwelling. The information 

treatments included in this experiment are based on the hedonic and gain motive. A treatment related 

to the normative motive has been designed but was not included.  
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Results 
The experiment was run by a questionnaire distributed in September and October 2018 by 4 housing 

associations around the Netherlands. After data cleaning, 606 full questionnaires were obtained. The 

results are modelled by the nested logit model. In general a social housing tenant is willing to cooperate 

with renovation and all aspects of the energy investments used in this research are shown to be of 

importance. The renewal of facilities is of highest importance to the tenants, respectively followed by 

higher emission reduction, higher energy savings, lower rent increase, the displacement of gas and 

insulation used as technology instead of solar panels. The hedonic treatment increases the preference 

for insulation strongly. The gain treatment does influence the preference for high energy savings, 

leading to a more rational distribution of the preferences for energy savings, but also increases the 

preference for not renovating.  

The translation of these outcomes into predicted probabilities that tenants would agree with 

renovation packages of Aedes leads to practically applicable results. It is shown that providing 

information to social housing tenants does influence their decision for renovating or not. The hedonic 

treatment has shown to an effective way to stimulate tenants to agree with renovation, while the gain 

treatment increases the probability for not renovating making the tenants more critical. Offering a 

renewal of the dwelling facilities as an extra is shown to be the most effective way to increase the 

probability that tenants choose for renovation.    

Social housing tenants have shown to be willing to accept energy efficiency investments if offered the 

right attributes. The renewal of the facilities has shown to be of most importance for them. The best 

information approach is the hedonic information approach based on the effect this information 

approach has on the value of the renovation packages and the preference for not renovating.  

Conclusion and discussion 
These conclusions have been drawn from a stated choice experiment. Though arguably resembling 

real situations, the stated choice remains a fictional situation and therefore real decision making could 

differ. The size of the dataset has led towards a necessary focus in order to get significant results. A 

larger dataset could be used to look for interregional or international differences in valuation, include 

other aspects such as nuisance, separate attributes for solar panels and insulation and include other 

treatments. Finally, it is optional to use mixed logit models to see if a better fit can be reached and 

latent class analysis to further analyze the data for heterogeneity. 
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1 Introduction 
The European Union has set ambitious goals in terms of reducing energy consumption in the building 

stock. The Energy Performance of Buildings Directive (EPBD) prescribes the energy performance of 

buildings in order to stimulate a better energy performance. It states that the energy use has to be 

reduced with 20 percent in 2020 compared to 1990 in order to keep up to the agreements of the Kyoto 

Protocol (European Union, 2010). In the Netherlands, these goals have been translated into targets for 

different groups of building owners. One specific group is housing associations - non-profit 

organizations that provide housing to low- and middle-income people and own some 30% of the Dutch 

housing stock. The Energieakkoord (SER, 2013) and the Convenant Energie Besparing Huursector 

(Directive energy saving residential rental sector) (Hazeu et al., 2012) oblige the housing associations 

to reduce energy consumption of their properties with 33 percent in 2020 and make the stock energy 

neutral by 2050.1 Retrofitting (energy efficiency renovation) of and investments in the housing stock 

are necessary to achieve these targets.  When designing these investments, another challenge needs 

to be taken into account: the decreasing availability of natural gas as energy source for heating: the 

Dutch government decided to reduce the gas extraction in the country from 25.7 billion m3 in 2018 to 

7.5 billion m3 in 2022 and to zero in 2030 (Rijksoverheid, 2018a). 

To be able to perform renovations, housing associations by Dutch law are required to obtain consent 
of at least 70% of the tenants in a building complex. According to Jager (2018) this is not always 
achieved. Quirijns (2011) describes the difficulties that arise when housing associations consider 
investments in energy efficiency. For tenants, the investments lead to lower energy bill and a more 
comfortable home, and a contemporaneous increase in rent. A possible reason for not cooperating is 
limited attention. Palmer & Walls (2015) have described limited attention as the inattention on 
features as energy operating costs because they are difficult to observe, when other features are 
clearer. The tenants’ knowledge about the positive effects of the investments is often limited while 
negative effects (like nuisance during renovation and an increase in rent) might be clearer. Framing 
the communication towards the tenants and providing them with information about the effects of the 
investments can play an important role in achieving their agreement. The literature describing the 
preferences of social housing tenants in energy efficiency investments is limitary. The underlying 
behavioral motives for these preferences are unclear as is the influence of limited attention.  
 
In this study I use a contingent valuation technique to figure out (i) in how much social tenants are 
willing to cooperate with different kinds of energy efficiency investments and (ii) how information 
provision affects this willingness to cooperate. I combine the insights from (i) and (ii) to make 
recommendations about the best ways to design energy renovation packages and frame the 
communication about them.  
 
This study elaborates on the suggestions made by Quirijns (2011) to use information to convince social 
housing tenants to cooperate with energy efficiency investments. Insight is gained in the effects of 
limited attention in energy efficiency decisions. Existing literature shows that people are willing to pay 
for environmentally friendly alternatives such as green energy. This research elaborates on these 
studies by showing whether this is the case for the social housing tenant, who is in general limited in 
funds. Finally, this study elaborates on the knowledge about the behavioral motives to engage in pro-
environmental behavior as described by Steg et al. (2014). This study describes the relative importance 
of the behavioral motives by appealing on these motives with information provision. Finally, this study 
contributes to the literature on best living concepts for specific groups (e.g. Ossokina et al., 2018).  

 

                                                           
1 Energy neutral means that the houses generate energy in the amount that covers own consumption. 
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1.1 Research question and subquestions 
This research commences with deriving the behavioral motives in pro-environmental behavior from 
the literature and describing the empirical evidence of their importance. The available measures in 
energy efficiency and the consequences are described leading to the experimental design in which the 
willingness to accept the measures is determined as well as the influence information provision has on 
this willingness to accept. Finally, the best way to frame communication is derived from the results of 
the experiment. This structure is shown in figure 1 which leads to the ability of answering the following 
research question: 

How much and in what way can information provision affect tenants’ willingness to accept 

the energy efficiency investment and the corresponding rent increase? 

 

Figure 1: Research questions 

Answering these research questions will lead to insight in the preferences of social housing tenants in 

energy efficiency investments. It also creates insight in which way this should be communicated to 

successfully convince them to cooperate. This will be useful knowledge for social housing managers 

and project managers of energy efficiency renovations who will be able to better fit the demands of 

the social housing tenant and present it to them in a suitable way. 

1.2 Organization of the thesis 
This thesis starts in chapter 2 by discussing existing studies that examine the willingness to engage in 

pro-environmental behavior, the underlying motives to do so and the effect information has on this 

behavior. In chapter 3 the theoretical model is presented describing the tenants’ decision-making 

about whether to adopt energy renovations and the way information can affect this decision-making. 

The model forms the basis for the stated preference experiment. In chapter 4 I discuss how energy 

renovations in social housing are done in various countries, and specifically the Netherlands. This 

information will serve as a base for the stated choice experiment. Chapter 5 describes the set-up of 

the experiment, chapter 6 the data as collected in the research followed by the results in chapter 7 

and the sensitivity analysis in chapter 8. Chapter 9 discusses the practical application and chapter 10 

concludes. 
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2 People’s environmental preferences and behavior 
This chapter focusses on the behavioral motives that can affect willingness to cooperate with the 

energy investments for social housing tenants and the effect limited attention has in environmental 

behavior. The main goal of energy efficiency renovations is to reduce the environmental footprint of 

the building stock. For this reason studies that research people’s environmental preferences and 

behavior and the underlying motives are discussed.  

Steg et al. (2014) have described three types of motivation that govern the decision to engage in pro-

environmental behavior. These are normative reasons, hedonic reasons and gain reasons.  

• The normative motive is a motivation to behave in a certain way because it is the right thing 

to do. This can be induced by both, the social aspect of pressure to do the right thing as well 

as ideological belief in the necessity to save the environment.  

• The hedonic motive to engage in pro-environmental behavior is based on the enjoyability and 

easiness of this behavior.  

• The gain motive of a person to choose for pro-environmental option is the motive which is 

based on the personal profit. This can be described as profit in monetary terms, in other words 

saving money.  

Steg et al. describe how many, but not all, pro-environmental actions involve a conflict between the 

normative motives on the one side and the hedonic and gain motives on the other side. In the following 

sections I first discuss the general literature of whether people are willing to sacrifice money and other 

things to engage in pro-environmental behavior. Then I go into different experiments that tried to 

influence behavior by influencing one of the motives specified above. I finish with a discussion of how 

information provision can affect environmental behavior. 

2.1 Willingness to engage in pro-environmental behavior 
In order to really make a difference for the environment, people have to make sacrifices. These 

sacrifices can be in usage, but the most common and measurable sacrifice is a monetary sacrifice. The 

willingness to pay for pro-environmental measures has been investigated in several different 

researches.  

Putten et al. (2014) have researched the value of preferences for small scale initiatives in renewable 

electricity generation. This research had a focus on initiatives of households on renewable energy. The 

survey is designed in a way that the questions are incentive compatible, which means that it is best for 

the participant to answer truthfully, in order to be able to predict behavior realistically. The choice 

experiment was held with a total of 5 attributes. The location of the renewable energy source, the 

amount of solar panels or wind turbines per group, the party to take the initiative, the extent to which 

one participates in the decision making process and the additional costs per year for installation. These 

attributes and their levels are added to table 1.  The target group is the population of the Netherlands 

above 18 years and especially financial decision makers of households and the ones who know their 

energy suppliers. In this group 507 respondents are achieved. The results of the questionnaire show 

that people are willing to pay more in the case of small group initiatives. This means that renewable 

energy projects are initiated by themselves or the neighborhood in small or medium sized groups, 

located on their own roof or street. In the United Kingdom a comparable research of Scarpa & Willis 

(2010) used costs of investment, monthly bill, maintenance costs per year, recommendation, contract 

length and inconveniencies as attributes to value preferences in micro-generation. 1279 completed 

questionnaires from households divided over England, Wales and Scotland have been obtained. The 

results show that although there is a significant value for renewable energy adoption, the willingness 
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to pay is too low to cover the capital investment costs in micro generation, especially in relation to the 

annual savings in energy.  

The preferences concerning different kind of energy sources and especially renewable energy sources 

has been researched widely. Vecchiato & Tempesta (2015) for instance did a stated choice experiment 

on households in the north Italian area Veneto. They used source, place and size of the plant as well 

as the origin of the biomass used in the plants and the monthly increase. The choice options were 

labeled with the source of the energy. A total of 509 respondents filled out the survey being over 18 

year and responsible for the electricity bill. The results of this target group show that 86 percent is 

willing to pay for green electricity and are willing to pay 3.4 times as much for PV panels compared to 

biomass of forests and 5.4 times as much for PV panels compared to agricultural biomass.  

Murakami et al. (2015) used nuclear and renewable energy as the alternative energy source for fossil 

fuels. After the Fukushima nuclear plant accident they conducted a choice experiment on households 

in four US states and in Japan. They used the monthly bill as monetary attribute and air emission and 

the mix of energy sources. This mix of energy sources used percentages of a type of sources using fossil 

fuels, nuclear, renewable and hydroelectric energy as option having hydroelectric at a fixed 10 percent. 

The responses of the 4202 US respondents, about equally divided over 4 states, and the 4000 

respondents from Japan show that in US people want to pay $0,31 for 1% emission decrease and in 

Japan this is $0.26. A negative preference for more nuclear power is shown, especially in Japan, and 

renewable energy is valued at a monthly increase of $0.71 in US and $0.31 in Japan for a 1% increase. 

The willingness to pay for green electricity for households in the US has as well been researched by 

Roe et al. (2001). They use the attributes price, contract terms, fuel mix and air emissions. The 835 

respondents showed that they are willing to pay for a lower emission, even when the fuel mix is the 

same and especially when a reduction comes from using more renewable sources. 

In Queensland, Australia, Williams & Rolfe (2017) have investigated the willingness to pay for emission 

reduction as well, but under uncertainties. The uncertainties used where the achieved emissions 

reduction and the international participation. It is shown that certainty of the effect of measures does 

influence the willingness to pay, but international participation does not influence the willingness to 

pay for measures. Overall carbon capture and efficient energy technologies are seen as the best 

options, but in case of uncertain international participation the policy preference changed to green 

power and efficient energy technologies. Linked to uncertainty, regret minimization has been 

researched by Boeri & Longo (2017). 300 respondents filled out a discrete choice survey using 

greenhouse gas emission reduction, black-outs, employment in energy sector and additional costs in 

the quarterly bill. By using a random utility maximization model and a random regret minimization 

model they showed that the data, obtained from a case study survey in a public areas in Bath (England), 

fitted best for the regret minimization model. Concluding that regret minimization is an influencing 

factor in renewable energy decision making.  

Banfi et al. (2008) have researched the willingness to pay for measures in energy efficiency for 

households in Switzerland. They used different technical levels of the windows, the façade and the 

ventilation as attributes and the price added to the actual price as the monetary value. In terms of rent 

or in terms of investment on the house price. The willingness to pay for an enhance façade is about 3 

percent extra, while the ventilation is 8 percent of the price and enhanced insulated windows in old 

building are valued at 13 percent. This was found by survey results of 264 tenants of apartment 

buildings and 253 single family house-owners.  

Collins and Curtis (2017) reviewed the willingness to pay for improved energy efficiency of rental 

tenants in Ireland. In their researched they looked at the premium tenants are willing to pay for an 



Information provision in energy efficiency renovation  - Stephan Kerperien – University of Technology Eindhoven – April 2019  
11 

improvement of the Building Energy Rating (or Energy Performance Certificates) by one grade. In their 

case a high rental demand and decreased supply has put pressure on rents, which creates a situation 

in which the tenant is limited in funds. This does resemble the situation and choice of the social housing 

tenant since they are limited in funds as well. In their research design they used a choice in which the 

tenant got the choice to get a similar apartment in size, number of rooms, location and proximity to 

amenities, but different in energy efficiency. A double bounded design gave them a first option of an 

increase rent of €20, €30 or €40 for one energy grade improvement after which a positive or negative 

response led to respectively a €10 increase or decrease on top of the initial stated increase in rent. 

Then the treatment with information took place, informing the respondent on the Building Energy 

Rating and the difference a grade means in terms of energy costs per type of house. An apartment 

could save €200 a year by one grade improvement and a large detached house could save €800 a year 

with one grade improvement. After this information the respondent got a double bounded 

dichotomous choice again on an increase in rent, showing whether or not the information did influence 

the willingness to pay for an improvement on energy efficiency. The results showed that the 

willingness to pay decreased from an average of €46.84 to €37.66 by giving information, however the 

standard error did decrease from €7.67 to €2.49 showing that the increase in rent after information is 

more supported by the respondents overall then without information.  

The researches as described in section 2.1 all use different attributes and levels. To give an overview 

of possible attributes and levels for further use in the experiment of this research, table 2.1 is 

presented.  It states the study in the first column and in the following columns the attribute is listed 

with the corresponding levels.  

Table 2.1: The used attributes and levels per study. 
Study Attribute 1 Attribute 2 Attribute 3 Attribute 4 Attribute 5 

Putten et 
al. (2014) 

Location of 
electricity 
source: 
- Land 
- Roof/street 
- Sea 

Group size of 
one group. 
- Small 
- Medium 
- Large 

Initiative.  
- Individuals 
- Neighborhood 
- Companies 
- Government 

Participation 
- No 
- Yes 

Additional 
costs (p/y) 
- 10 
- 25 
- 50 
- 75 

Vecchiato 
& 
Tempesta 
(2015) 

Source: 
- Solar PV 
- Biomass 

from agro 
- Biomass 

from forest 

Size of plant: 
- Big 
- Small 

Distance from 
plant: 
- 1 km 
- 3 km 
- 10 km 

Certified origin of 
biomass: 
- Veneto 
- Other region 

Monthly 
increase: 
- 0 
- 2 
- 5 
- 10 

Murakami 
et al. 
(2015) 

Air emission 
- No reduction 
- 20% lower 
- 40% lower 
- 60% lower 

% Nuclear 
- 0% 
- 10% 
- 20% 
- 30% 

% Renewable 
- 0% 
- 10% 
- 20% 
- 30% 

% Hydro  
- 10% 
 
% Fossil 
- Remaining 

Monthly bill 
(or Yen) 
- $90 
- $100 
- $110 
- $120  

 

Williams & 
Rolfe 
(2017) 

Policy option: 
- Green 

power 
- Carbon 

capture 
- Efficient 

electricity 
technology 

Decrease in 
emission: 
- Percentage 

(amounts 
unclear) 

International 
participation: 
- Percentage 

(amount 
unclear) 

Certainty: 
- 50-60% 
- 60-70% 
- 70-80% 
- 80-90% 
- +/- 95% 

Additional 
costs (p/y) 
- $250 
- $500 
- $750 
- $1000 

Boeri & 
Longo 
(2017) 

Gas emission 
reduction: 
- 1% 

Black-out (p/y) 
- 30 min 
- 60 min 

Employment 
(jobs): 
- 1000 new  

Additional costs 
(p/q) 
- £6 (10%) 

- 
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- 2% 
- 3% 

- 90 min 
- 120 min 

- 1000 lost  
- No change 

- £16 (25%) 
- £25 (40%) 
- £38 (60%) 

Roe et al. 
(2001) 
All values 
unclear 

Price 
- Dollars 

Contract terms: 
- Length in 

years  
- Fixed price 

Fuel mix: 
- Coal 
- Oil 
- Gas 
- Nuclear 
- Hydro-electric 
- Solar and wind 

Air emissions: 
- NO2 
- SO2 
- CO2 

- 
 

Scarpa & 
Willis 
(2010) 

Capital cost 
- £ 3000 
- £ 3500 
- £ 4000 
- £ 4500 

Energy bill 
(p/m)  
- £25 
- £50 
- £75 
- £100 

Maintenance costs 
(p/y) 
- £50 
- £100 
- £150 
- £200 

Recommended 
by: 
- None 
- Friend 
- Plumber 
- Friend + 

Plumber 

Contract 
length 
(Year): 
- 1  
- 2  
- 3  
- 4  

Inconvenie
nce of 
system 
(Scarpa) 
 

None Requires 
garden to be 
dug up during 
installation 

Requires refueling 
and space for fuel 
storage 

Requires 
cupboard space 
for boiler 

 

Banfi et al. 
(2008) 

Window: 
- Enhanced insulation 

(Triple, Double coated 
pane, rubber seal)  

- Standard insulation 
(coated, rubber seal) 

- Medium old (low 
insulation, not coated, no 
seal) 

- Very old. (single glazing, 
not coated, no seal) 

Façade: 
- Enhanced insulation 
- Standard insulation 
- No insulation, but 

newly repainted 
- Old (Not repainted) 

Ventilation: 
- With air 

renewal 
system 

- Without air 
renewal 
system 

Price (p/m):  
- -100 
- -50 
- 0 
- 50 
- 100 

 

2.2 Motives in environmental behavior 

Normative motive 
The normative motive as introduced by Steg et al. (2014) in relation to pro-environmental behavior 

describes the reasons that relates to engaging in pro-environmental behavior because it is ‘the right 

thing to do’.  

Kochen & Moore (2007) have investigated the participation in green-electricity programs in the US. In 

general the electricity prices are 10 to 30 percent higher than conventional electricity. The two 

mechanisms of cooperation are Voluntary contribution mechanism (VCM) and Green tariff 

contribution (GTM). In case of the VCM people can donate money to finance the capacity for 

generating green electricity and in GTM the households pay a fixed tariff which uses a fixed tariff per 

kilowatt-hour of consumption to support green electricity. Thus, it can be said that the participants are 

both participating for normative reasons.  A survey has been held under the participants of both 

programs and a group of non-participants on altruistic attitudes and environmental concern. 

Environmental concern was measured on the New Ecological Paradigm (NEP) scale, the standard 

instrument in measuring concern about the environment. This scale is based on five-point scale 

questions indicating the environmental concern. The same format was used for altruistic attitudes on 

the Schwartz model for activation of altruistic behavior. The results show that both altruistic and 

environmental concern do influence participation in green-electricity programs, while household 

income only influences amount of donation, but not the participation. This shows that environmental 
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concern is a motivation to engage in pro-environmental behavior. The willingness to pay is strongly 

depending on the person’s attitude. In a research of Nguyen et al. (2017) in which a questionnaire is 

held about personal characteristics and pro-environmental behavior it is found that people with a 

stronger adherence to egoistic values are more likely to develop a negative attitude towards 

environmental protection and do formulate positive (confirmative) attitude towards individual 

inconvenience associated with the purchase of energy efficient appliances. Contrary, people with 

strong personal altruistic preferences develop a positive attitude towards environmental protection. 

Another way of looking at the normative motive is the social pressure that comes from surroundings 

to use and rely on the normative motive of people to do the right thing. Allcott (2011a) has used an 

OPOWER experiment from the United States in which almost 600.000 households participated. The 

participating households got a comparison of their energy use to the average of similar households in 

their neighborhood. This comparison used lack in information to confront the households with their 

energy use in order to use their normative motive to do the right thing. The results have shown an 

average conservation of energy between 1.4 and 3.3 percent. In Los Angeles Delmas & Lessem (2013a) 

used the same principle in an experimental study in student dorms. The student dorms are all the same 

rooms and were divided into three categories. The first category got no information about their 

energy-use at all. The second category got private information about their energy-use by an online 

dashboard. This information compared their own use to the use of other students in their dorms. The 

last group got the same private information by dashboard, but also got public information about their 

use and the use of others in a ranking presented on a poster in the hallway of their floor. The social 

pressure of the poster in the hallway is used to utilize the normative motive to do the right thing and 

it was shown in the results that in case of private information, no big results are made. In case of a 

combination of private and public information the social pressure of doing the right thing leads to 

energy conservation of 20 percent.  

The opposing opinion on being motivated to engage because it is the right thing to do can be described 

as not engaging because there is a lack of interest. In other words; people just don’t care. The research 

of Kotchen and Moore (2007) as described before has shown that man and singles tend to be less 

green electricity minded. An important principle in the lack of interest towards pro-environmental 

behavior and on a larger scale climate change is the confirmation bias (Brick and Conrardy, 2013). The 

confirmation bias in climate change describes the situation in which a person has strong beliefs against 

climate change and therefore is not interested or motivated at all to try and think otherwise. The 

confirmation bias also describes the lack of interest in discussing and rethinking their point of view.    

Hedonic motive 
Described as ‘because it is enjoyable and easier’. Hedonic motivations makes people look for 

excitement, direct pleasure or to avoid effort. In general changing behavior will not be effective if the 

new wished behavior askes more time or effort or leads to less comfort. In other words people tend 

to choose the easiest way that leads to the largest benefits for themselves (Steg, 2008 and Delmas & 

Lessem, 2013a). 

An import con of pro-environmental behavior is that most of the times it asks for extra effort. For 

instance in the case of waste it is asked of the user to separate it, which means the consumer is asked 

to do a little bit of extra effort every time waste is thrown away in order to be able to re-use what can 

be re-used. According to Hage et al. (2008) and Barr et al. (2013) it is of high importance that there is 

high accessibility in waste separation options to get high participation. Even with a high environmental 

awareness and a positive attitude towards waste recycling, without adequate accessibility the 

participation in such behavior will remain low. The effect of convenience in building infrastructure on 

long term recycling has been researched by Bernstad (2014). A repeated treatment was used in which 
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waste separation behavior was measured before and after two different treatment interventions. 

Treatment intervention 1 was distribution of information about the environmental gains and how the 

separated food waste could be used for biogas to run cars on. Treatment intervention 2 was to install 

equipment in the kitchen of each apartment to place the paper bag for food waste and therefore get 

extra convenience. Treatment 1 resulted in an increase in collected food waste of 12% in the first 10 

weeks, and 10% and 7% in respectively the second 10 weeks and third ten weeks compared to the 10 

weeks before treatment. The results of treatment 2 were an increase of 49% in the first two periods 

and 44% in the third period of 10 weeks, compared to the 10 weeks before treatment. The results 

show that the gained convenience and thus making it easier to change behavior, lead to better results 

in waste management.  

In the case of renovation projects for energy efficiency there are two major concerns for tenants that 

work against the pro-environmental decision of cooperating according to Van der Spank (2013). The 

first is the uncertainty of what is going to happen with their house and their rent. Meaning that it is 

most importantly not the amount of money that determines whether or not they want to cooperate, 

but the changes that are occurring. This means that the enjoyability of what is already available, their 

house, is higher than the wish for changes. The second concern is the nuisance which a renovation will 

cause. The biggest nuisance will come from replacing the bathroom, kitchen and toilet and the heating. 

The most common solution is to offer a temporary move to a decorated apartment or to offer a short 

replacement time. This all depends on the size and influence of the measures. In order to create a 

positive and more enjoyable solution, the house owner can offer a short stay in a holiday park in order 

to be able to do all the major renovation in house and work on the hedonic motivation for the tenant 

to cooperate.  

Gain motive 
The gains of an option as a motive to decide or change behavior either towards the pro-environmental 

side or away from it. Depending on what has the highest gain for the person. The gain motive could be 

seen purely monetary, for instance in the case of energy costs, but it also goes for terms as effort, 

comfort and status.  

According to McMakin et al. (2002) people generally look at energy efficiency in terms of benefit. In 

other words gain. In the experiment held at a military base it was shown that when no monetary 

incentive is of influence, most importantly choices are made to engage in energy efficient behavior 

when gaining in comfort and health. Asensio and Delmas (2016) have investigated the effect 

information has on the gain motive. The experiment included the installation of smart meters inside 

the home. During the experiment the participants got feedback about their energy use by a dashboard, 

but a part of the treatment group also got separate repetitive information relating their energy 

consumption to the living environment and human health. The first gain of saving energy is the money 

saved, which is shown in the dashboard. This gain of pro-environmental behavior shows to work for 

the short term, but by given the gains in living environment and human health the effect of the gain 

motive is stronger which is shown by a higher energy conservation.  

In a research of Bolderdijk et al. (2012) the gain motive is investigated by a comparison between 

monetary gains and a gain which relates to the normative motive, an increased self-image. The 

research used an experiment in which tire pressure check is advertised in two ways. The first aims on 

the financial advantage of checking your tires with the slogan: “Want to save money? Check your car’s 

tire pressure!” The second is based on the positive self-concept in order to make people see 

themselves as ‘green’. The slogan used for this is: “Want to protect the environment? Check your car’s 

tire pressure!” The first slogan explicitly aims on the gain motive by attending on personal economic 

gain while the second slogan aims on the personal gain of an improved self-image relating to the 
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normative motive of doing the right thing. The results show that the economic approach elicited 

significantly less compliance then the neutral and ecological (normative) approach, showing that the 

gain motive is not certainly the strongest motive. Relating to the positive self-concept the status 

towards peers has been investigated by Morrison & Lin Lawell (2016). The mode of transportation of 

military personnel has been investigated, trying to see if in the strong society such as the military peers 

have influence in the amount of carpooling. The increase in social status of either using an own car or 

carpooling because of copying a peers behavior shows to be of influence. The amount of carpoolers 

with peers who carpool is higher showing that social pressure and gain does influence behavior.  

Keefer and Rustamov (2017) have researched the effect of energy consumption and the gain of saving 

money. In their experiment they tried to change once behavior, towards consuming less energy, by 

creating a bill that captures the attention and sets goals to maximum spending and the savings that 

will be realized monetarily. By setting monetary goals the energy savings that occur increase up to a 

reduction of 6 percent. On the other hand they have showed that a decline in the price of energy 

shown on the energy bill, the gain motive of saving money is overcome by the gain of extra use and 

therefore the energy use increases. This is also shown by Davis (2008) who did a field trial with free 

high efficiency clothes washers. In this case the gain of the participant was the monetary gain of 

spending less per washing. Although less energy is used per washing, the participants seemed to focus 

less on the gain of saved money, but compensate this with the gain of extra use. This resulted in an 

increase in washing of 5.6 percent.  

Lynham et al. (2015) have used feedback on energy consumption on an IHD (In-house display) to 

estimate whether or not people use this information to conserve more energy. This feedback on 

energy use in both given kWh and in dollars. The feedback informs the user about their energy 

consuming behavior and leads to a more educated choice between the gain of saving energy and 

therefore money and the gain of usage. This resulted in a reduction of up to 11 percent depending on 

the time of day. The IHD’s were taken away after the treatment period to see whether or not the effect 

would stay, but it is shown that this effect wears off over time showing that information is important. 

In a comparable experiment of Jessoe and Rapson (2014) IHD’s were installed and information about 

the electricity price was given to one treatment group. The other group just received a letter on the 

price rise and the control group did not receive anything. This way the price elasticity and the 

willingness to pay could be measured. Or in terms of the gain motive; the monetary gain or loss could 

be measured towards the gain of usage. Price rises of 200 and 600 percent were implanted given a 

large incentive on conserving energy usage. The real time information on both energy usage and 

energy prices shows a much larger effect on energy use than information on price rises only. The group 

receiving information on the price rise reduce usage by 0 to 7 percent, while the group receiving 

feedback on energy use as well reduced their energy use by 8 up to 22 percent. Using this price 

elasticity to move electricity usage away from peak hours, Broberg and Persson (2015) have researched 

the possibility of using dynamic pricing. In a choice experiment people are faced with possible, 

hypothetical contracts for their electricity including the option of direct load control. This research 

holds the interaction between the gain of usage and the willingness to pay for it at different moments 

a day as well as the amount of the control on their usage. The results show that people are willing to 

pay more during evening hours and the gain of usage is stronger than monetary losses. In morning 

hours the willingness to sacrifice comfort is higher to gain in monetary terms.  

2.3 Limited attention and information provision 
Limited attention can occur when a person does not or cannot inform himself on a topic. A lack of 

knowledge and attention is present, meaning a gap between the current state or behavior and the 

preferred state or behavior is the case. Ossokina and Verweij (2015) show inattention on the improved 
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local environment in choosing the transportation mode. Palmer & Walls (2015) have described limited 

attention as the inattention on features as energy operating costs because they are difficult to observe, 

when other features are clearer.  

By informing the person on the topic ones opinion and behavior can be influenced. Research on limited 

attention describes the influence of giving information and triggering people to move towards an 

opinion or behavior. This has been done for environmental behavior as well as for energy consumption. 

This section describes the research methods used when focusing on limited attention. The goal is to 

create insight in the way limited attention can be researched and how data on revealed preferences 

can be used to quantify the effect of information. 

Information can be given in different ways and on different topics relating to the environment and 

energy. Recently, Keefer and Rustamov (2017) have used the energy bill to increase attention on 

energy use. Around 10.000 households of investor-owned utilities in California where included in the 

experiment of which a part got an energy bill that was designed to capture the consumers’ attention. 

This energy bill has led to a 4 percent reduction in energy use, which even increases when using 

thresholds to achieve such as a bill of $50 dollar.  

A possible strategy of decreasing inattention is to inform a consumer about their energy use compared 

to people in their surroundings, for instance neighbors. In the large OPOWER experiment in 2011 

researched by Allcott (2011b) data of energy use and households characteristics is used to inform 

consumers on their energy consumptions in comparison to similar houses and households in the 

neighborhood. The 588,446 households participating in the experiment showed a decrease in 

consumption of 1.4 to 3.8 percent. In a smaller scale, several researches have used student housing to 

assess a value to limited attention in energy use. Delmas & Lessem (2013a) have conducted an 

experiment on 66 student dorms on the campus of California. In three groups the participants received 

either no information, information on their energy use in private or information in private and public. 

The private information did contain a ranking, comparing the participant to their neighbors’ usage and 

was distributed by an online dashboard. The public information was a poster displayed in the floors 

hallway showing the ranking in energy usage. It was found that the private information did not have a 

significant effect on usage, but private and public information did improve energy conservation with 

20 percent.  

Feedback on usage is a common way to decrease inattention. However the information in previously 

mentioned studies is only updated once in a while. The increasing technology and the presence of 

smart meters gives the opportunity to give real-time feedback on usage as well. Lynham et al. have 

used in-home displays (IHD’s) to give real-time feedback on energy usage. These IHD’s have been 

installed in 65 households in a condominium complex in Honolulu. They divided this group in two, 

giving the first group feedback for the entire period while the second group loses feedback the last 

month. This to show the effect of feedback on the usage over time and whether or not this effect wears 

off over time. In other words to quantify the effect of limited attention and to see if information 

decreases limited attention over time and if this effect is lasting. The results show that during the 

experiment up to 11 percent reduction in usage is realized, but over time this effect decreases slowly. 

This shows that the reduction in energy usage is primarily driven by learning and not by saliency effects. 

The IHD has been used by Jessoe and Rapson (2014) as well, using the display to give real time feedback 

not only on usage, but also on price of electricity. During the experiment price rises of 200 and 600 

percent occurred to show the price elasticity. The control group receiving information about the price 

rise, but without the IHD, showed a reduction of between 0 and 7 percent. The target group, both 

getting information about price rises and real-time feedback on usage by the IHD, showed a reduction 

of usage between 8 and 22 percent during the price rise events. Showing that increase attention on 
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usage relating to higher costs does influence the behavior and preferences of the user. Contrary to 

these figures, Matsukawa (2004) used monitors displaying feedback on usage at 319 households in 

Japan, but only showed an average reduction of 0.3 percent. However, this experiment was conducted 

in summer in which usage generally is already low.  

Delmas et al. (2013b) have conducted a meta-analysis of existing field experiments to quantify the 

effect of information strategies on energy conservation. In their research they included 59 papers 

representing a total of 156 field experiments divided over 13 countries in the period from 1975 to 

2012. Although they did get insight in different kinds of information strategies, a clear answer to which 

strategy works best could not be found. However, the main conclusion did show that information 

strategies do seem to work. The overall average of the experiments showed a reduction of 7.4 percent.  

2.4 Conclusion 
Literature research has been done to get an overview of the behavioral motives of pro-environmental 

behavior and the existing evidence of the importance of these motives and the effect limited attention 

has related to these behavioral motives.  

The literature discusses three behavioral motives; the gain motive, hedonic motive and normative 

motive. The gain motive describes the motivation to engage in pro-environmental behavior because 

of the monetary advantages which the literature generally relates to savings in energy or fuel. The 

hedonic motive is based on the enjoyability and easiness of the new situation or behavior, which are 

described as an increase in comfort or health. The normative motive describe the motivation to behave 

a certain way because it is the right thing to do, for instance going for green electricity instead and 

reducing CO2 emission. 

Researches using information appealing on either of these three behavioral motives are discussed to 

describe the effect of limited attention. Providing feedback on energy use by attractive energy bills, In-

house displays, hallway posters and (online) dashboards with information related to the price of 

energy, consumption compared to neighbors and the emission have shown that limited attention is of 

influence and that appealing on the behavioral motives could affect one’s behavior. Furthermore, it is 

shown that people are willing to pay for green electricity and change behavior to reduce greenhouse 

gas emission and separated waste when informed about the necessity and when accessibility is high. 

Though all three behavioral motives have shown to influence pro-environmental behavior, their 

relative importance is unclear.   
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3 Methodology 
This chapter models the decision-making process of tenants deciding whether to accept the energy-

saving investment suggested by their housing association. First the baseline model is described 

followed by the adjustments made to incorporate the information treatment. This chapter builds on 

Ossokina et al. (2019). 

3.1 Baseline model 
In this research the standard multinomial logit model (Hensher et al., 2005) is used as a working horse. 

It is assumed that social tenants can choose from a number of energy-saving investments, or, 

alternatively, choose not to cooperate with renovation. Let m=0 be not renovating and m=1 be 

renovating. Assume that there are j∊J possible renovation alternatives. Each alternative yields a utility 

described by equation (1):   

(1)     𝑈𝑚=0 = 𝑉𝑚=0 + εm=0 = 𝜌 + εm=0 

      𝑈𝑚=1,𝑗 = 𝑉𝑚=1,𝑗 + εm=1,j =  ∑𝑖(𝛽𝑖 ∗ 𝑋𝑗) + εm=1,j.  

U is the utility a person derives from an alternative, it has an observed part and an unobserved part. 

In case a person chooses for renovation, the observed part ∑𝑖(𝛽𝑖 ∗ 𝑋𝑗) is calculated based on sum of 

the parameters (weights) 𝛽𝑖 times the value of the attributes 𝑋𝑗 for energy investment alternative j. ρ 

is the observed utility of not accepting energy investments. The 𝛽𝑖 and ρ are the parameters which will 

be estimated. The experiment will use a stated choice experiments offering choice packages consisting 

of attributes and levels (𝛽𝑖) and the option not to renovate (ρ). The levels are the different options 

within an attribute. The estimations lead to coefficients describing the weight of each attribute and 

the option not to renovate. The estimation of the weight can be done by choosing a reference level of 

an attribute. The weight of the attribute then describes the gained utility of an alternative level in the 

attribute.  

There is also an unobserved part of the utility, the error term 𝜀 which is assumed to have a standard 

Gumbel distribution, with 𝜀  being identically and independently distributed. The probability that a 

person chooses alternative j equals: 

(2)     𝑃𝑚=1,𝑗 =  
𝑒

𝑉𝑚=1,𝑗

𝑒𝜌+∑ 𝑒
𝑉𝑚=1,𝑗′

𝑗′

 

The probability that a person chooses not renovating equals:  

(3)     𝑃𝑚=0 =  
𝑒𝜌

𝑒𝜌+∑ 𝑒
𝑉𝑚=1,𝑗′

𝑗′

 

 

3.2 Nested logit model 
One of the main flaws of the multinomial logit model is the assumption of independence of irrelevant 

alternatives, implying that the utilities of all alternatives are uncorrelated with each other. The nested 

logit model is an alternative model that deals with the flaws of this assumption. A nested logit model 

has frequently been used in transportation-related studies (e.g. Gelauff et al., 2019), but it is also well 

applicable to the tenants’ decision-making in our case. Related to our situation, it is possible that the 

utilities of renovation alternatives are mutually correlated, while staying uncorrelated with the utility 

of not renovating.  
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Ben-Akiva & Lerman (1985) have described the nested model structure and how the error terms needs 

to be adjusted for the nested model. The error term for the nested model is: 

εm=1,j = εm + εmj.  

This new error has a Gumbel distribution with a scale value. The inverse of this scale value (inclusive 

value 𝜇) is estimated together with the other model coefficients. In case 𝜇 does not statistically 

significantly differ from 1, the IIA cannot be rejected and the multinomial model should be used. 

Otherwise a nested model should be used.  

The probabilities of the nested choice alternatives depend on the value of 𝜇.  

 

 

 

 

(4)    𝑃𝑚=1,𝑗 =  
𝑒

1
𝜇

𝑉𝑚=1,𝑗

∑ 𝑒
1
𝜇

𝑉𝑚=1,𝑗′
𝑗′

 

    𝑃m=0 =  
𝑒𝜌

𝑒𝜌+𝑒𝜇𝛾𝑚=1
 where 𝛾𝑚=1 = log[ ∑ 𝑒

1

𝜇
𝑉𝑚=1,𝑗′

𝑗′ ] 

    𝑃m=1 = 1 − 𝑃m=0 

    𝑃𝑗 = 𝑃m=1 ∗ 𝑃𝑗|m=1 

 

3.3 Information treatment 
Here we assume that the weights  𝛽𝑖 and the not-renovating utility 𝜌  can depend on the information 

about the alternatives a person possesses. The effect of the treatment will be shown by 𝜃 of which the 

coefficient will be added to the coefficients as described in section 3.1. Let 𝜃lx be the additional effect 

of information on the attribute and 𝜃lρ the additional effect of information on the utility of not 

accepting the investments. The utility after treatment becomes: 

    𝑈𝑚=0 = 𝜃𝑙𝜌 + 𝜌 + εm=0  

      𝑈𝑚=1,𝑗 =  ∑𝑖((𝛽𝑖 + 𝜃𝑙𝑥) ∗ 𝑋𝑗) + εm=1,j.  

3.4 Model performance 
The estimation of the model is done using the software program Stata 15. Both the multinomial and 

the nested logit model are estimated by optimizing the log likelihood of the model estimation. Stata 

automatically calculates the parameter estimates which maximize the likelihood of the data which 

have been observed. This can be used to calculate McFadden’s rho square. The Rho square describes 

the goodness of fit of the model by showing the relative increase of the log likelihood of the model 

compared to the null model. In the function below, log (Lc) describes the log likelihood of the current 

model and log(Lnull) describes the log likelihood of the null model. The null model uses a constant as 

explanatory. The Rho square has a value between 0 and 1 in which 0 shows the model has no predictive 

ability and 1 showing the model has a high predictive ability. At least a value of 0.2 is necessary to state 

model has a good predictive ability. The formula to calculate Rho square is based on the approach of 

McFadden (1974): 

      𝑅ℎ𝑜2 =  1 −  (
log (𝐿𝑐)

log(𝐿𝑛𝑢𝑙𝑙)
)  
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3.5 Conclusion 
The choice behavior of social housing tenants in energy efficiency investments can be modelled by the 

multinomial model and the nested model. The nested model is added since probably the choice 

between choice alternatives including renovation are within one nest while the choice for no 

renovation is not. A stated choice experiment will be used offering choice packages consisting of 

attributes and levels and the separate option not to renovate. The results are used to estimate the 

models. The model performance will be shown by Mc Fadden’s Rho square.  
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4 Energy investments in the world and in the Netherlands 
In this chapter the energy renovations in social housing, in various countries and specifically in the 

Netherlands are discussed. First the energy investments in social housing around the world are 

described, followed by a section describing the investments in social housing for the Netherlands in 

specific. These investments contain mainly renovation approaches for social houses. The characteristics 

and consequences of these renovations will be described and calculated and serve as a base to 

determine the attributes of the stated choice experiment in the next chapter. 

4.1 Energy investments in social housing around the world 
Ever since the Kyoto protocol has been signed by over a 150 nations the reduction of greenhouse 

gasses has been on the world’s political agenda (United Nations, 1998). In 2002 the European Union 

approved their first directive on energy performance certification and reducing energy use in the 

building stock (European Union, 2002). In countries around the world social housing has been and will 

be a target in reducing the energy use in the building stock.  

In Canada (FortisBC, 2019) and Ireland (Department of Housing Planning and Local Government 

Ireland, 2016) funding and supporting initiatives show the willingness of their energy companies and 

governments. In the United Kingdom social housing retrofitting has been successful with cold, 

condensation, damp and mold issues reduced by 69 up to 88 percent and 82 percent recommending 

it to friends (Elsharkawy and Rutherford, 2018). In Italy and Portugal, retrofitting public houses are 

facing challenges, including financial and educational aspects and the landlord-tenant dilemma.2 

Therefore, in Milan and Lisbon, pilot projects have been deployed to show that the energy and comfort 

benefits can be significant as well as de reduction of CO2 emission (Monteiro et al., 2017). In Canada 

the percentage of social housing is only 6 percent, but with 630.000 units still a significant amount of 

dwellings. Tsenkova and Youssef (2012) showed that in the Canadian social housing stock retrofitting 

contributes to the objective of mitigating climate change and to reduce utility costs of the poor tenants 

shielding them from energy poverty. The U.S. Department of energy (Dentz et al., 2014) developed 

energy efficiency retrofit packages for public housing using only costs effective measures (LED lighting, 

programmable thermostat and crack sealing). Average investment costs were $250 per public house 

and savings of 6-10 percent on the energy bill were achieved leading to a return on investment time 

of approximately 1.5-2.2 year. These packages show that large retrofitting packages are yet to be 

developed in the U.S.  

Around the world energy investments have been implemented in social housing in order to reduce 

costs for the tenants, reduce CO2 emission, increase comfort and reduced problems with condensation 

and mold issues. Retrofitting social houses has shown to be relevant in most countries of the western 

world. Though approaches might be different, the effects shown are similar and can be used for this 

research.  

4.2 Energy investment approaches in social housing in the Netherlands 

4.2.1 Approaches 
In the Netherlands, Aedes, the branch organization for social housing associations, has developed four 

standard approaches for sustainable renovation of social housing dwellings (Aedes, 2017). Below a 

general description of the approaches is given. All approaches result in better comfort within the 

dwelling and in energy savings. Furthermore safety is improved because of the renewal of building 

installations and – in one of the approaches – because of displacement of gas as energy source. Table 

                                                           
2 The landlord-tenant dilemma describes the situation in which the landlord invests and the tenant has the 
profit.  
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4.2 translates the approaches into possible renovation packages consisting of concrete technical 

measures. A graphical representation of these measures is shown in figure 4.1. 

 
Figure 4.1: Approaches of energy efficiency renovations by Aedes (2017). 

Approach S uses the strategy of maximally insulating the dwelling within the current body. The 

construction of the building is not altered, but the cavity walls are filled with insulation, increasing the 

thermal comfort in the dwellings and reducing energy consumption. Windows are provided with HR++ 

glass. Mechanical air exhaust is installed improving the air quality and reduce humidity.  

Approach M is based on the European Energy Building Performance Directive (European Union, 2018) 

and the Dutch translation to BENG (Rijksoverheid, 2018b) and strives at an Almost Energy Neutral 

Building (BENG in Dutch). The strategy is to maximize insulation by installing a second façade in front 

of the current façade. Similar to package S, mechanical ventilation is added. The extra façade leads to 

higher energy savings and an extra increase in the thermal comfort as compared to approach S.  

Approach L adds insulation within the current body of the building, similar to approach S. In addition, 

a new boiler and mechanical ventilation with heat recovery reduce the amount of gas needed for 

heating. Heat recovery uses the heat off the foul extracted air to heat cold fresh air from outside. Solar 

panels are installed covering up to 50% of the dwelling’s energy demand through own production. In 

comparison to approach S, approach L achieves the same increase in comfort and higher energy 

savings. In comparison to approach M, the energy savings are higher, but the increase in comfort is 

lower.  

Approach XL aims at a fully energy neutral dwelling. Gas as energy source is replaced by a heat pump 

for heating and electricity for cooking. Mechanical ventilation is equipped with a heat recovery facility 

and solar panels are installed to produce energy. Similar to approach M, a new façade allows to achieve 

the highest level of insulation. The energy bill is reduced to almost zero. The thermal comfort, safety 

and air quality increase considerably, although the heat pump might lead to additional noise nuisance.  

4.2.2 Measures 
Table 4.2 translates the approaches of Aedes into concrete renovation measures. 
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Table 4.2: Renovation packages that are in line with approaches S-XL of Aedes (2017) 
 Package S Package M Package L Package XL 

Window 
insulation  

Glass HR++ 
 

Frame and Triple 
glass  

Glass HR++  Frame and Triple 
glass 

Floor 
insulation  

Rc=2 Rc=4 Rc=2 Rc=4 

Roof 
insulation  

Rc=2 Rc=7 Rc=2 Rc=7 

Wall 
insulation 

Crack sealing +40 
mm 

300 mm Crack sealing +40 
mm 

300 mm 

Heat 
production 

No change No change CombiTap HR-107 Heat pump 

Solar panels No No PV-panels 9 m2 PV-panels 16 m2 

Ventilation Mechanical 
ventilation 

Mechanical 
ventilation 

Mechanical 
ventilation + Heat 
recovery 

Mechanical 
ventilation + Heat 
recovery 

 

For the packages presented in table 4.2, we calculate energy performance in terms of electricity 

consumption, gas consumption and CO2 emissions, as well as investment costs. We use as a basis a 

consumption of 2500 kWh and 1200 m3 gas for a household. The measures as described in table 4.2 

will lead to the reduction or surplus per measure or measure-combination as described in table 4.3. 

The insulation of the windows and the floor, roof and wall will lead to higher savings in package M and 

XL but also cost more. The appliances used in package L and XL will reduce gas usage but consume 

kWh. The heat pump in package XL will make it possible to be cut-off from the gas net.  

Table 4.3: Effects of technical measures in terms of reduction or surplus in gas and kWh usage 
 Package S Package M Package L Package XL 

Window 
insulation 3 

-120 m3 gas 
 

-204 m3 gas 
 

-120 m3 gas  -204 m3 gas  

Floor insulation 4 

-332.5 m3 gas -394 m3 gas -332.5 m3 gas -394 m3 gas Roof insulation  

Wall insulation 

Heat production No change No change -225 m3 gas5  -1000 m3 gas 
+ 2500 kWh6 

Solar panels7 No No -1500 kWh -2500 kWh 

Ventilation8 +100kWh +100 kWh -250 m3 gas 
+400kWh 

-250 m3 gas 
+400kWh 

 

The consequences in terms of energy savings are calculated based on the effects described in table 

4.3. This leads to the reduction in gas usage, electricity usage and CO2 emission as presented in table 

4.4. The investment costs per dwelling are based on the costs for technical measures. Investment costs 

of the package amount to 8.9 to 36.8 thousand euro per dwelling. The housing associations are allowed 

                                                           
3 Based on https://www.milieucentraal.nl/energie-besparen/energiezuinig-huis/isoleren-en-besparen/dubbel-
glas-hr-glas-en-triple-glas/ comparing to double glass and using 12 m2 of glass.  
4 Based on https://www.milieucentraal.nl/energie-besparen/energiezuinig-huis/isoleren-en-
besparen/spouwmuurisolatie/ for package S and L and  https://www.milieucentraal.nl/energie-
besparen/energiezuinig-huis/isoleren-en-besparen/gevelisolatie-buitenkant/ for package M and XL. 
5 Based on https://www.cvketel-weetjes.nl/hr-ketel/ 
6 Based on https://warmtepompplein.nl/warmtepomp-besparing/  
7 Based on https://www.nuon.nl/kennis/opbrengst-zonnepanelen-per-m2/ 
8 Based on http://www.wtw-filters.nl/wtw-ventilatie/lucht-in-balans-balansventilatie  
 

https://www.milieucentraal.nl/energie-besparen/energiezuinig-huis/isoleren-en-besparen/dubbel-glas-hr-glas-en-triple-glas/
https://www.milieucentraal.nl/energie-besparen/energiezuinig-huis/isoleren-en-besparen/dubbel-glas-hr-glas-en-triple-glas/
https://www.milieucentraal.nl/energie-besparen/energiezuinig-huis/isoleren-en-besparen/spouwmuurisolatie/
https://www.milieucentraal.nl/energie-besparen/energiezuinig-huis/isoleren-en-besparen/spouwmuurisolatie/
https://www.milieucentraal.nl/energie-besparen/energiezuinig-huis/isoleren-en-besparen/gevelisolatie-buitenkant/
https://www.milieucentraal.nl/energie-besparen/energiezuinig-huis/isoleren-en-besparen/gevelisolatie-buitenkant/
https://www.cvketel-weetjes.nl/hr-ketel/
https://warmtepompplein.nl/warmtepomp-besparing/
https://www.nuon.nl/kennis/opbrengst-zonnepanelen-per-m2/
http://www.wtw-filters.nl/wtw-ventilatie/lucht-in-balans-balansventilatie
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to charge the tenants part of the cost through an increase in rent (Rijksoverheid, n.d.). An important 

requirement for this is tenants agreeing with the renovation and the corresponding increase in rent. 

In case of single family dwellings each tenant decides for herself. In case of an apartment building 70 

percent has to agree. A survey among all housing associations (Aedes, 2018a) revealed that 40% of the 

associations intend to use approach L, 40% approach XL, and the remaining 20% S or M.9  

Table 4.4: Overview of results from the energy renovation calculations.  

Packag
e 

Gas consumption/ year Electricity consumption/ 
year 

CO2 emission/ 
year 

Invest. cost/ 
dwelling 

 Level  
(m3) 

Cost 
€* 

Δ cost 
€ 

Level 
(kWh) 

Cost 
(€*) 

Δ cost 
(€) 

 Level 
(kg) 

Δ  
% 

(thousand 
€) 

Ref 1200 753 0 2500 500 0  400010 0 0 

S 748 469 -285 2600 520 20  3300 -17.5 8.9 

M 602 378 -375 2600 520 20  2700 -32.5 13.5 

L 273 171 -582 1400 280 -220  1800 -55 17.2 

XL 0 0 -945** 2900 580 80  1000 -75 36.8 
*The cost is calculated using a gas price of 0.627 euro/m3 and electricity price of 0.20 euro/kWh excluding standard charges 

for network. These prices are based on the average of ten energy suppliers in the Netherlands. 

** In addition to savings on the usage, the costs for the distribution network for gas are saved being 192 euro’s a year. 

In table 4.4 the total costs and emission before and after renovation are shown. The monetary savings 

per year combining Δ in costs of gas and electricity show savings of €265 up to €865 a year are possible. 

This equals monthly savings of up to €72 euro’s on energy. However, a rent increase is also a 

consequence of the renovation. In general housing associations estimate the savings a year of which a 

part has to be compensated by means of a rent increase. The tenant therefore always saves money.11 

In this research the attributes rent increase and energy savings are incorporated.  

The amount of the rent increase is stated to be lower than the energy savings or in other words the 

energy savings are higher than the rent increase. The latter is used as a basis for the determining the 

levels in rent and energy savings. The rent increase is dependent on the amount of rent one pays and 

the energy savings are a multiplication of the rent increase. Making the rent increase and energy 

savings dependent on the rent represents the real situation since energy savings are different 

depending on the size and type of dwelling and therefore holds relation with the rent.  Finally, the 

levels of emission reduction are based on expert opinion12 who stated percentages of CO2 emission 

reduction of 15-20% for package S, 30-35% for package M, 50-60% for package L and 70-80% for 

package XL. 

4.3.3 Other attributes of the renovation 
In the Netherlands the majority of dwellings is heated by natural gas (NOS, 2018). Due to the existence 

of a gas bell in the Northern province of Groningen gas for many years was the cheapest energy source 

available. In the coming years however the situation will change. Drilling led to earthquakes and 

related damage to buildings and goods. As a result, the Dutch government decided to reduce gas 

                                                           
9 One of the reasons package XL is so popular is that the Dutch government aims to reduce gas extraction from 
25.7 billion m3 in 2018 to 7.5 billion m3 in 2022 and to zero in 2030 (Rijksoverheid, 2018a). This will increase the 
price of gas. 
10 Based on https://wisenederland.nl/groene-stroom/hoeveel-co2-uitstoot-bespaar-je-als-je-overstapt-op-
groene-energie  
11 Rent increase is found to be lower than energy savings, showing percentages of 32%, 50%, 57%, 67% and 73% 
(Agentschap NL, 2012 & Finance ideas, 2015) and the tenant can be assured to have overall savings by 
Woonlastenwaarborg (Eemland Wonen, 2012). 
12 Urs Veltrop - Real estate consultant specialized in energy efficiency renovations of PVM Advies & 
Management.  

https://wisenederland.nl/groene-stroom/hoeveel-co2-uitstoot-bespaar-je-als-je-overstapt-op-groene-energie
https://wisenederland.nl/groene-stroom/hoeveel-co2-uitstoot-bespaar-je-als-je-overstapt-op-groene-energie
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extraction from 25.7 billion m3 in 2018 to 7.5 billion m3 in 2022 and to zero in 2030 (Rijksoverheid, 

2018a). The housing sector is therefore expected to switch from gas to other energy sources in the 

coming years. 

Two important options to heat dwellings without a gas boiler are: a heat network and a heat pump. 

The former option uses heat from a source in the surroundings (e.g. industrial heat, heat stored in the 

earth). A network of insulated pipelines brings the heat to the dwellings in the area and houses are 

heated without directly using gas (NOS, 2019). The latter option stores heat from the air, the earth and 

groundwater and uses it to heat water and the rooms in the dwelling. Both options reduce gas use in 

the dwelling to zero, which means the dwelling can be cut off from the gas network.  

Further, as a part of energy renovation, housing associations often offer a renewal of the bathroom, 

kitchen and toilet. The inclusion has three advantages for either the tenant, the organization or both. 

The systems necessary for the bathroom and kitchen can be renewed in one take with the bathroom 

and kitchen itself, saving costs for extra work. This also leads to less nuisance for the tenant, because 

instead of 2 separate renovations all the work is done at once. Finally, the social housing association 

includes the renewal of the bathroom, kitchen and toilet often as a convincing factor for the tenant to 

agree with the renovation and consequential rent increase.  

4.3 Conclusion 
Around the world energy efficiency renovations or retrofitting have been implemented in social 

housing showing to reduce energy costs, CO2 emission and condensation and mold issues and increase 

comfort. In the Netherlands four approaches have been described considering two main techniques: 

reducing energy usage by insulation and producing energy by solar panels. More reduction can be 

achieved by replacing old heating systems and boiler by a heat pump and heat recovery. This enables 

the displacement of gas and reduces emission. A monetary benefit for the tenant is guaranteed since 

the rent increase is based on a part of the energy savings, but housing association often offer the 

renewal of the facilities to convince the tenants to cooperate with the renovation. 
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5 Experimental design 
In chapter 4 the different strategies for energy efficiency investments in social houses in the 

Netherlands have been analyzed. It is shown that different techniques are used, energy savings are 

achieved but a rent increase is consequential. Gas usage can be decreased down to zero and CO2 

emission can be reduced. These findings are used to design the experiment. In this chapter the 

experimental design is described stating the attributes and levels and the way the information 

treatment was implemented in the experiment. The experiment was run under the tenants of four 

Dutch housing associations in September-October 2018.  

5.1 Attributes and levels 
The experiment was run under the tenants living in dwellings build between 1946 and 1989. This 

building period has been chosen since dwellings built after 1989 are likely to have better insulation. 

From 1995 it is obligatory to make an energy performance calculation when building a dwelling 

(Overheid, 1995). Buildings from the construction period 1946-1989 make approximately half of the 

social housing stock in the Netherlands (CBS, 2019).  

Table 5.1 reports the 6 attributes and their levels used in the experiment. These are based on the real 

energy renovation investments discussed in the previous section. In order to be able to get significant 

results within the expected amount of respondents the choice has been made to reduce the amount 

of attributes to 6.  

Table 5.1: Attributes and levels.  
Attribute Level 1 Level 2 Level 3 

Technique Solar panels Insulation  

Monthly rent increase, in 
% of the current rent 

+ 3% + 7%  

Monthly energy savings, 
in % of the rent increase 

110% of rent increase 130% of rent increase 150% of rent increase 

Gas usage No change Step away from 
cooking and heating on 
gas 

 

Bathroom, kitchen and 
toilet 

Not renewed Renewed  

CO2 emission 30% decrease 60% decrease  

 

Technique 
The two main techniques suggested by Aedes to reduce energy consumption are: (i) installation of 

solar panels; (ii) insulation of the walls and the roof. These two option have been combined in one 

attribute. Solar panels enable the building to generate own energy thus reducing energy consumption 

from conventional sources. Insulation leads to energy savings by reducing the loss of warmth through 

walls and roof.  

Monthly rent increase 
The monthly rent that will be appointed to the tenant as consequence of the energy efficiency 

renovation, is calculated as a percentage of the current rent: 3 percent or 7 percent of the rent. In the 

stated choice experiment, for each respondent the percentages are expressed in monetary terms by 

taking a percentage of his/her reported rent. For rent levels differing from 200 to 800 euro/month, the 

values vary from 6 euro’s to 56 euro increase.  
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Monthly energy savings 
The energy savings depend on the amount of energy used in the current situation and the measures 

taken. In general, social housing associations promise to their tenants that the energy savings will be 

larger than the rent increase.13 In this experiment we define energy savings as equal to 110%, 130% or 

150% of the rent increase. The energy savings expressed in euro lie in the range between 7 and 84 

euro per month.  

Gas usage 
In the stated choice experiment we include two options concerning the gas usage: (i) no change, 

meaning no reduction in gas is realized; (ii) step away from gas, meaning that the house will be heated 

with low temperature heating of a heat pump and cooking will be on electricity.  

Bathroom, kitchen and toilet 
Two options are included: (i) no change; (ii) simultaneous renewal of the bathroom, kitchen and toilet. 

CO2 emission reduction 
The emission reduction is expressed in percentage as compared to the initial situation of the dwelling 

before renovation. Two levels are used: 30 percent and 60 percent. To make these figures intuitive to 

the respondents, they also are expressed as a reduction in the number of trees that is needed to 

compensate the emissions. An average dwelling emits 4000 ton CO2 per year, and 160 trees are 

needed to fight this emission. A 30% emission reduction spares 50 trees, a 60% reduction spares 100 

trees.  

5.2 Information treatment 

The hedonic treatment 
The hedonic motive is based on the benefit for the tenant in terms of comfort and ease. In the situation 

of an energy efficiency renovation it is shown that measures in energy efficiency in general increase 

comfort. This is expressed in a better temperature indoors because of the insulation. In addition to the 

comfort in terms of temperature the air is also cleaner, which is good for the health. Finally, the new 

modern appliances and displacement of gas will increase the fire safety of the dwelling. This can be 

seen as an increase in comfort in terms of being comfortable with the safety level of the dwelling.  

These aspects will be used to form the flyer informing tenants on the benefits of energy efficiency 

relating to the hedonic motive. In this case, just like in the flyer for the gain motive, a graphic 

representation of the increase in comfort is added. This has been done with comfortable socks under 

a blanket to simulate the feeling of being comfortable. The information treatment is presented in the 

questionnaire together with the explanation of the terms. A screenshot of this page for the hedonic 

treatment is presented in figure 5.2.  

                                                           
13 Rent increase is found to be lower than energy savings, showing percentages of 32%, 50%, 57%, 67% and 
73% (Agentschap NL, 2012 & Finance ideas, 2015) and the tenant can be assured to have overall savings by 
Woonlastenwaarborg (Eemland Wonen, 2012).  
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Figure 5.2: Explanation page and treatment flyer for hedonic motive. 

The gain treatment 
The gain motive is based on the monetary benefit of the energy efficiency renovation. In the analysis 

of the measures in energy efficiency it is shown that the rent increase in general is smaller than the 

savings in energy. This leads to savings in total living costs.  

However, the rent increase can be seen as a hard number while the savings in energy do depend on a 

persons or families energy use before and after the renovation and is certainly not set on a minimum. 

To show the tenant that the savings in fact are bigger than the costs social housing associations 

guarantee that money will be saved. This way they hope to convince the tenant that the rent increase 

is worth the investment because the return will be positive. In the analysis of the communication 

between social housing association and tenant a figure is shown in which the effect on total living costs 

is graphically explained. The information treatment is presented in the questionnaire together with 

the explanation of the terms. A screenshot of this page for the gain treatment is presented in figure 

5.3. 
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Figure 5.3: Explanation page and treatment flyer for gain motive. 

The normative treatment 
The normative motive is the behavioral motive based on doing the right thing. In our case this means: 

acting in an environment-friendly way. This treatment has not been implemented in the survey of this 

research, but it has been developed and is therefore presented mainly as a suggestion for further 

research.  

In the literature it is shown that people do want to do the right thing after they are informed. The 

analysis of the measures in energy efficiency has shown us that the decrease in CO2 emission is 

calculated as a benefit of an energy efficiency renovation. The amount of CO2 emission might however 

be unclear to the social housing tenants. It is likely that they cannot relate to CO2 in terms of what it is 

and what the amount normally is. Therefore the information treatment focusses on an explanation of 

the decrease in CO2 emission in terms of trees necessary to compensate the emission.  

In addition to the emission of CO2, gas displacement has shown to be an important goal for the 

environment and especially the Dutch environment. The earthquakes caused by the extraction of gas 

are damaging buildings in the north-east area of the Netherlands. The benefit of using less gas due to 

the renovation will be added to the information to use the respondents’ sense of doing the right thing 

and prevent more earthquakes.  

The design of the flyer, shown in figure 5.4, is kept the same as for the other two treatments in order 

to get a similar effect. Therefore an image of a tree will be added to show that the renovation has 

influence on the environment.  
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Figure 5.4: Treatment flyer for normative motive. 

5.3 Choice experiment 
The choice experiment that is carried out, uses attributes and levels as described in section 5.1. These 

attributes and levels have been combined to packages; an orthogonal fractional factorial design has 

been used to reduce the number of packages in the research. The design has 27 combination for the 6 

attributes and in total 13 levels.  

In the experiment the respondent is first appointed to either the control group or the treatment group. 

The respondents receiving the experiment from the first two housing associations are distributed 

equally over either the control group or the hedonic treatment group. The respondents of the last two 

housing associations are distributed equally over the control group and the gain treatment group.  

In the questionnaire the respondents are presented an example first after which 8 choice problems 

are offered. 8 choice problems are given since it is likely that this number of choice problems is 

acceptable for the respondent. Using less than 8 choice problems per respondent would reduce the 

received amount of data, which is not preferred.  In the choice problems the respondent can choose 

for either one of the two renovation packages or for ‘none of the two’ meaning he or she is not willing 

to renovate. In figure 5.5 a screenshot of a choice problem is reported. 
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Figure 5.5: Choice problems presented to the respondents. 

5.4 Conclusion 
In this research the main technique, financial consequences in terms of energy savings and rent 

increase, the consequences for the environment in terms of reduction in CO2 emission and gas usage 

and finally the renovation of the facilities will be used as attributes for the stated choice experiment. 

Information treatments are designed of which the hedonic and gain treatment are used in the 

research. The normative treatment has been designed  but is not included in the experiment of this 

research.   
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6 Data 
In the data chapter the collected data will be discussed and analyses will be done on the comparability 

of the control group and the treatment groups. First the retrieved data will be discussed in numbers 

and the data cleaning will be explained. Then a number of analyses will be presented to test the quality 

of the dataset and comparability of the treatment and control groups on different characteristics 

including demographic, socio-economic and psychosocial variables. 

6.1 Data collection and data cleaning 
The data for the experiment has been collected by sending the questionnaire to social housing tenants 

living in houses built from 1946 to 1989 of four housing associations in the Netherlands. A lottery with 

10 gift cards was offered to the respondents finishing the questionnaire. The first experiment, 

containing a control group and a treatment group receiving the hedonic information treatment, was 

run in September 2018. The second experiment, containing a control group and a treatment group 

receiving the gain information treatment, was run in October 2018. In the first experiment two housing 

associations, one situated in Sittard and one situated in Doetinchem (respectively the South and East 

of the Netherland), cooperated by sending out the questionnaire; a response rate of 21 percent was 

achieved. The second experiment was distributed by two housing associations situated in Pijnacker 

and Zaltbommel (respectively West and Centre of the Netherlands); a response rate of 8.5 percent was 

achieved.  

Data cleaning was conducted by removing the few students as well as removing people who spend too 

much or too little time on the questionnaire. To do this, 2.5 percent of the both sides of the distribution 

were dropped. These are people who spent less than 4 minutes or more than 34 minutes on the survey. 

This has led to a remaining data set containing the data of 606 respondents. 374 respondents 

conducted the first experiment of which 185 in the control group and 189 in the treatment group. 232 

respondents participated in the second experiment of which 116 in the control group and 116 in the 

treatment group.  

6.2 Characteristics of the respondents 
The respondent have been asked questions about its person situation to get a feel of the characteristics 

of the respondents and to be able to analyze the preferences and effect of the treatment for different 

groups of social housing tenants. In this section these characteristics will be analyzed to show (i) what 

the possible different groups are and (ii) whether the control group and treatment groups within the 

experiment and in between the experiment are comparable. First the strata-questions that have been 

added will be described followed by the analysis of the data.  

Strata-questions 
Here survey questions are dealt with concerning personal characteristics, dwelling characteristics, rent 

and the energy use.  

Gender and age 

The gender and age are added to see if there are differences in outcome between men and women 

and between different age groups. The research can for instance show that men are more affected by 

information on money, while women might think comfort is of higher importance. The same holds for 

age groups, where young people might have different motives then elderly.  

Native language 

The information treatment will be given in Dutch, since that is the official language in The Netherlands. 

However, a part of social housing tenants are first or second generation immigrants in which case their 

native language is probably not Dutch. The influence of information might be different for these people 
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and therefore the native language is included. The included answer option for native languages are 

based on the amount of people with low income per origin (CBS, 2018a) in combination with the 

worldwide highly spoken languages English, Spanish and French.  

Household composition 

The home and family situation can determine the decisions made by a person. The different household 

compositions used in the survey are single, living together, living together with children. Single parent 

and others. These are derived from CBS (2018b) in which the household composition of Dutch 

households is shown. CBS (2018b) shows that 37.6 percent of the Dutch households is single, 7.2 

percent is single with children, 28.9 percent are couples without children and 26.2 percent are couples 

with children.  

Education 

The level of education is included using the highest completed degree giving the choice between the 

standard degrees used in the Netherlands. These are: 1. Elementary school; 2. VMBO, MBO1, HAVO 

onderbouw;, 3. Havo, vwo, mbo; 4. Hbo-wo-bachelor; hbo-, wo- master, doctor (TNO, 2016).  

Occupation 

The work situation of the respondent can also be of influence. For instance a full time employee’s life 

and choices differs from a retired person or someone who is looking for a job.  The following options 

are used; Full time working, Part time working, student, looking for a job, retired/benefit holder and 

not working (TNO, 2016). 

Income 

The income of a respondent is of influence to the amount the respondent is likely to be able to pay 

more in rent and the attention someone has on the expenditure of money. The income categories are 

based on gross income a year and are divided in categories of 10.000 euro income a year starting at 

less than 10.000 up to over 50.000 euros a year. The respondent is also given the option to not share 

their income by the option ‘not applicable’. 

Willingness to pay for improvements  

A couple of questions are asked to scale the willingness to pay for improvements. Research of 

Gatersleben et al. (2002) suggests to use statements posed that relate to the motives of pro-

environmental behavior showing answer possibilities on a 5 point scale with 1 totally disagree to 5 

totally agree. The profiles described by Van der Spank (2013) will be used as basis for the statements 

whether or not they agree with the profiles ease, conscious, costs and environment as energy using 

profiles. These profiles relate to the motives described by Steg et al. (2014) and used for the treatment.  

Trust and time in the social housing organization 

According to the managers of the social housing organizations the trust a tenant has in the social 

housing organization is of importance for the decision to cooperate with renovations. To get an 

overview of the trust the respondents have in the housing organization, the respondent will be 

presented with 4 statements about trust. These statements are about keeping appointments, doing 

maintenance quick and good, treatment with respect and recommendation to friends and family. On 

a 5 point scale the respondent is asked to say whether or not he or she agrees with the statement.  

In addition to the trust in the social housing organization the respondent is asked to fill in the amount 

of years he or she is a tenant of the social housing organization and the amount of time living in the 

current dwelling. This could help to show whether people who are living in a dwelling very long might 

have a lower propensity to agree with changes to their home.  
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Type of dwelling 

An important factor in the renovations is the dwelling type that has to be renovated. The dwelling 

types used in the answer section do describe single family home and multi-family home. The types are 

based on Aedes (2015) description of the social housing dwellings in the Netherlands. Single family 

houses account for 41.2 percent, while multi-family with 4 or less levels without elevator account for 

25.7 percent and multi-family with 4 or less levels with elevator account for 15.1 percent. These two 

will be taken together as multi-family with 4 or less stories. The influence of an elevator is not expected 

to be that much, however the basis of characteristics of multi-tenant buildings under 5 stories are 

different from multi-tenant buildings of 5 stories or higher. The porch type of entrances will normally 

not occur in buildings over 4 stories high. The term ‘porch flat’ could however not be known to social 

housing tenants, therefore the distinction is made in amount of floors. Multi-tenant buildings of more 

than 4 stories account for 11.8 percent and shared accommodations for the final 6.3 percent. The 

shared accommodations are mostly student housing.   

Rent & allowance 

The categories of rent used in social housing are cheap rent, affordable rent, high social rent and high 

non-social rent. These categories are represented in the question about rent, because people who can 

only afford cheap rent, are expected to make different choices compared to higher rents. Aedes (2015) 

has shown that 15 percent of the stock of social housing organizations is cheap rent, 65 percent is 

affordable, 15 percent is high social rent and 5 percent is high non-social rent.  The categories we have 

chosen are categories of 100 euro’s starting at under 300 euro’s a month, 300-400, 400-500, 500-600, 

600-710 and above 710 euro’s. The 710 euros a month represent the threshold of social rent in the 

Netherlands. These categories of 100 euros have also been chosen since the amount of rent increase 

and savings in the choice packages are linked to the amount of the current rent. Therefore the 

categories could not be as big as the distribution used by Aedes. The respondent is asked in a separate 

question whether or not she receives a rent allowance. This questions can be answered either with 

‘Yes’ or with ‘No’.  

Responsibility for energy bill 

To show whether or not the respondent knows about the costs of energy, the respondent is asked who 

is responsible for the energy bill in the household. The respondent can state that she is responsible, 

she is not responsible or she is responsible together with someone else.  

Energy bill 

The knowledge about the costs of energy is checked by a question on the height of the energy bill. The 

respondent is asked how high the monthly energy bill is. The yearly energy bill in the Netherlands on 

average is just over €1600 (ECN, 2016). Table 6.1 shows the monthly amount people pay according to 

Energievergelijking.nl. These amounts correspond with the average of about €1600 a year. In our case 

we exclude the option of semi-detached and detached houses since in social housing this is not 

relevant. Then levels are created of under €100 a month, between €100 and €130 a month, between 

€130 and €160 a month and over €160 a month. These levels are expected to have enough respondents 

each since 1 or 2 persons in flats or terraced houses are more common in social housing. Finally, the 

option ‘I do not know how high my energy bill is’ is included. This questions gives extra insight in the 

knowledge about the energy bill and therefore works as a check for the responsibility for energy bill.  
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Table 6.1: Monthly energy costs (Energievergelijking.nl). In colors the used levels are shown.  
Type  1 person 2 Persons 3 Persons 4 Persons 5 Persons 6 Persons 

Flat € 98.83 € 121.40 € 135.70 € 145.80 € 156.30 € 165.85 

Terraced € 107.85 € 140.40 € 154.70 € 164.80 € 169.30 € 179.85 

Cornerhouse € 131.85 € 154.40 € 168.70 € 178.80 € 190.30 € 199.85 

Semi-detached € 145.85 € 169.40 € 183.70 € 193.80 € 205.30 € 214.85 

Detached € 176.85 € 199.40 € 213.70 € 223.80 € 235.30 € 244.85 

Average € 123.85 € 146.40 € 160.70 € 170.80 € 182.30 € 191.85 

 

6.3 Analyses of the characteristics 
The different characteristics are presented in terms of percentages or mean value. This is shown in 

table 6.2 which shows the different groups as chosen for further analyses as well.  

Table 6.2: Characteristics of the respondents (%) in the data set and the mean value for the 
statements on willingness to pay, trust and environmental awareness.  

 

Female  57.4 % Expensive rent (>€600 p/m) 28.9 % 

60+ 33.2 % Receives rent subsidy  40.4 % 

Highly educated (hbo or more) 15.0 % Expensive energy bill (>€130 p/m) 35.0 % 

Working  48.2 % Recently moved (<5 year) 27.2 % 

Dutch as a native language 96.5 % Is not responsible for the energy bill  1.2 % 

Lives with children  30.5 % Is willing to pay for improvements 1-5 3.64 

Lives alone  40.2 % Trusts the association 1-5 3.52 

Single family home  58.3 % Environmentally aware 1-5 4.07  

 
In addition to the mean value, further analyses of the psychosocial values expressed in the statements 

is done. Mainly since the willingness to pay, the trust in the housing association and the environmental 

awareness are expressed in different statements and not as one characteristic or variable. In table 6.3 

the values for all 10 statements are presented to see the average values for the statements. In order 

to see whether or not the statements on a category are comparable and can be combined to one 

variable for further analysis the Cronbach’s alpha is calculated for the four statements per category or 

in case of Environmental awareness for the two statements. The Cronbach’s alpha shows the internal 

consistency of the answers on the statements. In general a Cronbach’s alpha over 0.7 is accepted as 

proof of internal consistency. The Cronbach’s alpha of all three aspects are found to be of significant 

value making it possible to combine the answers of the statements to one variable per aspect. 

Table 6.3: Psychosocial variables 
Willingness to pay for improvements   
Give a score from 1 (disagree) to 5 (agree) 

Average: 3.64 
Cronbach’s alpha 0.889 

 I would be willing to pay a bit more rent if…   

… that would get me a better dwelling 3.59 

… that would make my dwelling more comfortable 3.62 

… that would make my dwelling better for the environment 3.42 

… that would decrease my energy bill 3.94 

Trust in the housing association                                                    
Give a score from 1 (disagree) to 5 (agree) 

Average: 3.52 
Cronbach’s alpha: 0.903 

    My housing association keeps up with agreements 3.43 

    My housing association finishes repairs quick and good 3.39 

    My housing association treats me friendly and with respect 3.75 

    I would recommend my housing associations to my family and friends 3.51 
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Environmental preferences             
Give a score from 1 (disagree) to 5 (agree) 

Average: 4.07 
Cronbach’s alpha 0.775 

    I think it is important that something is done against climate change 3.97 

    I keep the environment in mind by using less energy and separating 
waste 

4.17 

 
A paired t-test is conducted14 to see the mean value for each characteristic of the control group and 

treatment group. The test has been done for a diversity of characteristics related to real situations 

which are possibly useable for policies and managerial actions. The results of the paired t-test shown 

in table 6.4 for both experiments show the mean value of the control group compared to the mean-

value of the treatment group. The difference between the means is shown in the third column and the 

p-value for the difference is shown in the last column per experiment. A p-value smaller than 0.05 

shows that the difference between the two means is statistically significantly different from 0 at a 5% 

significance level.  

It is shown in table 6.4 that in the first experiment only the percentage females statistically significantly 

differ between the treatment and the control group; in the second experiment no statistically 

significant differences are found between control group and treatment group. In the last three rows 

the choice for option 1, 2 or not to cooperate is presented as a test as well. There it is shown that in 

the second experiment a significant difference in choice is found for not cooperating. This could be a 

consequence of the treatment. Overall it can be concluded that the control group and the treatment 

group are comparable for both experiments.   

Table 6.4: Differences in socio-economics and choices for treatment and control groups.  
 First experiment Second experiment 

 Control 
group 

Hedonic 
treatment 

Δmeans p-value 
for Δ 

Control 
group 

Gain 
treatment 

Δmeans p-value 
for Δ 

Female 1/0 0.51 0.62 -0.11 0.03 0.59 0.57 0.02 0.79 

60+ 1/0 0.34 0.29 0.05 0.25 0.33 0.39 -0.06 0.34 

Highly educated 1/0 0.12 0.16 -0.04 0.28 0.13 0.19 -0.06 0.21 

Working 1/0 0.38 0.44 -0.06 0.23 0.30 0.59 0.02 0.79 

Native Dutch 1/0 0.96 0.96 0.00 0.83 0.97 0.97 0.00 1.00 

Lives with children 1/0 0.26 0.30 -0.03 0.50 0.36 0.33 0.03 0.58 

Lives singles 1/0 0.45 0.42 0.04 0.48 0.36 0.34 0.03 0.68 

Single family home 1/0 0.52 0.51 0.01 0.83 0.71 0.66 0.04 0.48 

Expensive rent 1/0 0.21 0.23 -0.02 0.70 0.43 0.36 0.07 0.29 

Rent subsidy 1/0 0.50 0.51 -0.01 0.84 0.24 0.25 -0.01 0.88 

Expensive energy 1/0 0.35 0.40 -0.05 0.36 0.26 0.36 -0.10 0.09 

Recently moved 1/0 0.41 0.42 -0.01 0.81 0.04 0.03 0.01 0.74 

Is not responsible for 
the energy bill 1/0 

0.01 0.01 0.00 0.98 0.01 0.02 -0.01 0.56 

Is willing to pay for 
improvements 1-5 

3.76 3.69 0.07 0.47 3.41 3.57 -0.16 0.23 

Trusts the association 
1-5 

3.48 3.47 0.01 0.90 3.60 3.58 0.02 0.85 

Environmentally aware 
1 -5 

4.09 4.10 -0.01 0.91 3.99 4.05 -0.06 0.55 

Chose 1st option 0.37 0.40 -0.03 0.13 0.40 0.37 0.03 0.17 

Chose 2nd option 0.38 0.36 0.02 0.37 0.39 0.36 0.03 0.18 

Chose not to 
cooperate 

0.25 0.24 0.01 0.47 0.20 0.27 -0.06 0.00 

                                                           
14 We use a t-test to compare the means of the two groups. The underlying assumption is that the sampling 
distribution of the means is normal. 
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6.4 Conclusion 
The characteristics of the dataset are presented and analyzed. First, the statements on willingness to 

pay for improvements, trust in the association and environmental awareness are analyzed. These 

analyses have shown that they can be combined to one variable to use for further analysis of the choice 

behavior. Next, analyses for the two experiments and the groups within the experiment are conducted. 

Based on the results of a t-test it is shown that the groups within the experiments do not differ except 

for the gender in the first experiment. 
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7 Estimation Results 
In this chapter the estimation results are presented. The reference level is determined for each attribute 

leading to a reference package. The analysis of this reference package focusses first on determining 

which model should be used by calculating the inclusive value parameter of the nested model. After 

selecting the model the focus is on the preference of the control group to renovate when offered the 

reference package. Then, the effect the attributes have on the utility are analyzed. Finally, the effects 

of the information treatments are analyzed. This is done as described in section 3.3.  

7.1 Estimation results 
The estimation results are presented in table 7.1. This table shows in the first column the attributes 

and the option not to renovate. In the second column the levels are shown with the denotation of the 

treatments. The results as presented are done according to the model in section 3.3. The third column 

shows the coefficient. This describes the utility of the attribute for the social housing tenants. The 

standard error is shown in the fourth column indicating the significance of the results. One star shows 

significance at 10 percent, two stars at five percent and three stars at one percent. Finally, down at the 

bottom of the table the number of respondents and choice problems, the inclusive value parameter 

of the nest and the model performance are shown.  

First, it had to be determined which model is going to be used. To do this the assumption of 

independence of irrelevant alternatives has to be reviewed. This is done by estimating the nested 

model and reviewing the inclusive value parameter. The inclusive value parameter describes whether 

or not the alternatives in the nest are mutually correlated. When the inclusive value parameter is 

significant, the alternatives in the nest are mutually correlated which means that the IIA assumption 

should be rejected and the multinomial model cannot be used. . In table 7.1 it is shown that inclusive 

value parameter differs from one at a significance level of 0.8%, therefore the IIA hypothesis is 

rejected. This implies that the choice for the nested structure is supported and the nested logit 

estimations should be used. The goodness of fit is determined with McFadden’s rho square and shows 

a value of 5.3%. This does show that the model only has a small predictive ability. 

The estimation of the nested model is done for a reference package. The reference levels of all 

attributes combined are used as a reference package. The option not to renovate depends on the 

reference package leading to the possibility of showing whether or not social housing tenants prefer 

not to renovate or renovate with the reference package. The reference package {𝑋𝑗 = 0} consists of 

the following levels: 

- The installation of solar panels 

- No displacement of gas 

- 7% increase in rent 

- 130% of the rent increase saved in energy 

- 30% CO2 emission reduction 

- No renewal of the bathroom, kitchen and toilet. 

The control group will be analyzed first. This group did not receive any additional information. First, 

the preference of the control group to renovate when offered the reference package will be analyzed. 

As can be seen in table 7.1 each of the previously mentioned levels are described with ref. The 

coefficient of the option not to renovate shows the preference of the control group on renovating or 

not if offered the reference package. The significant and negative coefficient shown in table 7.1 shows 

that social housing tenants are willing to renovate when offered the reference package.  
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In addition to the preference for renovating, the influence of the attributes on the respondents 

decision making can be analyzed. A significant positive coefficient of an attribute’s level describes that 

this level holds more utility, or in other words is of more value than the reference level for the social 

housing tenant. A significant negative coefficient shows that this level is of less utility. The results as 

shown in table 7.1 show that all six attributes are of significance. The size of the coefficient shows the 

extent to which the attribute is of value to the social housing tenant. The coefficients directly 

connected to the levels as shown in table 7.1 describe this for the control group. These results show 

that the renewal of the bathroom, kitchen and toilet is of highest value to the social housing tenant 

respectively followed by higher emission reduction, medium or high energy savings, low rent increase, 

the displacement of gas and using insulation as the approach. Remarkably, the only level not of 

significance shows to be the high return on investment in terms of energy savings.  

Analyzing the monetary attributes it is shown that the social housing tenants prefer a low rent increase 

over a high increase. In addition to the rent increase the tenants prefer a medium return on investment 

of 130% over a lower return on investment of 110%. In fact, if the reference package would be adjusted 

with the reduction of the return on investment to 110% the social housing tenant would become 

indifferent on renovating or not. Increasing the return to 150%, on the other hand, has a small positive 

but statistically insignificant effect.   

The attributes relating to the effects on the environment both show to have a significant effect in 

which the reduction in CO2 emission shows to be of highest importance. A higher reduction of emission 

is strongly preferred. The positive preference for the displacement of gas shows opportunities to 

reduce gas usage. The technique that social housing tenants value more is insulation, though this 

preference is relatively small. Especially compared to the strong preference for the renewal of the 

bathroom, kitchen and toilet.  

In addition to the control group the treatment groups can be analyzed. The effect of the treatments 

are shown by coefficients added to each attribute and the option not to renovate. This coefficient is 

added to the coefficient of the attribute leading to the new value of the attribute after the treatment.  

The results for the hedonic treatment, informing the respondent on the benefits in terms of comfort 

and ease, a significant increase in utility for insulation is achieved. Insulation becomes approximately 

three times as important as for the control group making it the second most important attribute. Only 

the renewal of the bathroom, kitchen and toilet is of higher value to the hedonic treatment group. No 

statistically significant changes are found for the option not to renovate and the other attributes.  

The gain treatment has informed the respondent on the monetary benefits. The results show an 

increases of the utility for high return on investment (150% return in energy savings) equaling the steps 

in utility from 110%-130% and 130-150%. This means that the 20 percent higher savings compared to 

the average are of equal positive value compared to the negative value of the 20 percent lower savings.   

This could be seen as a more rational distribution of utility compared to the control group since higher 

savings lead to less expenses and are therefore of value for the social housing tenant.  

In addition to the influence on the gross return on investment the gain treatment also increases the 

value of the alternative not to renovate. Respondents having received the gain treatment show to be 

indifferent on choosing not to renovate or the reference package. Although the savings are 

presented as hard numbers the information might have influenced the perception of the certainty of 

the numbers. The extra information could have made the respondent think extra carefully about the 

uncertainties of the savings compared to the certain and hard rent increase. As Williams & Rolfe 

(2017) described these uncertainties decreases the willingness to pay for and can therefore be of 

negative influence on choosing for renovation.   
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Table 7.1: Estimation results of control and treatment groups  

Attribute Level Control+treatment 
group 

  Coef st.er 

Option Not renovate 

(intercept) 

 - 0.341 (2.07)** 

              + hed.treatm. 

              + gain treatm. 

 0.068  

0.356 

(0.55) 

(2.33)** 

Technique L0: Solar panels 

L1: Insulation 

ref 

0.095 

 

(2.07)** 

                     + hed.treatm 

      + gain treatm. 

0.173 

0.120 

(2.17)** 

(1.31) 

Gas displacement L0: No 

L1: Yes 

ref 

0.107 

 

(2.25)** 

       + hed.treatm. 

      + gain treatm. 

- 0.071 

0.025 

(1.00) 

(0.30) 

Investment (in terms of 

monthly rent increase) 

L0: ΔR=0.07*R 

L1: ΔR=0.03*R  

ref 

0.189 

 

(3.32) *** 

       + hed.treatm. 

      + gain treatm.  

- 0.024 

- 0.017 

(0.33) 

(0.20) 

Gross return on the 

investment (in terms of 

monthly energy savings) 

L0: 110% 

      + hed.treatm. 

      + gain treatm. 

L1: 130% 

L2: 150%  

- 0.231 

- 0.090 

0.110 

ref 

0.026 

(3.48)*** 

(1.07) 

(1.07) 

 

(0.52) 

       + hed.treatm. 

      + gain treatm. 

-0.023 

0.191 

(0.29) 

(1.86)* 

Emission reduction L0: 30% 

L1: 60% 

ref 

0.244 

 

(4.25)*** 

       + hed.treatm. 

      + gain treatm. 

0.024 

0.011 

(0.34) 

(0.13) 

Renew kitchen 

bathroom, toilet 

L0: Not renewed 

L1: Renewed 

ref 

0.413 

 

(4.90)*** 

       + hed.treatm. 

      + gain treatm. 

- 0.061 

0.016 

(0.85) 

(0.19) 

Inclusive value 𝝁 

p-value (H0: 𝝁=1) 

 0.652 

0.0076 

(5.29)*** 

McFadden’s R-Square  0.053  

# respondents  606  

# choice situations  14544  

 

7.2 Conclusion 
The estimation results have shown that social housing tenants in general are willing to cooperate with 

retrofitting of their dwelling. The aspect of highest importance is the renewal of the facilities, 

respectively followed by higher emission reduction, higher energy savings, lower rent increase, the 

displacement of gas and insulation used as technology instead of solar panels. The hedonic treatment 

increases the preference for insulation strongly, while the gain treatment influences the preference 

for high energy savings but also increases the preference for not renovating.  
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8 Sensitivity analysis 
The sensitivity analysis focusses on checking the sensitivity of the results as presented in section 7.1. 

This is done by using the different strata. It is possible that people are heterogeneous in their valuations 

by observed characteristics. For example higher educated who have a higher propensity to invest in 

environment as well as people with higher trust in their housing association might require a lower 

return on investments. This chapter will discuss the analyses of the following strata: (i) Trust (table 7.2), 

(ii) Environmental awareness (table B.1), education level (table B.2), occupation (table B.3), rent level 

(table B.4), gender (table B.5) and dwelling type (table B.6). The results will be discussed in this section. 

Note that when distinguishing strata in the data, we considerably reduce the number of observations, 

so that the statistical significance of the results becomes lower. Therefore the amount of cross effects 

with the treatment has been reduced to the ones that were found to be significant in section 7.1. The 

differences between strata discussed below are therefore primarily suggestive and cannot be seen as 

hard results. The goodness of fit for the models in the sensitivity analysis is between 3.4 and 10.7 

percent showing that the models capture around the same small part of the variation in the data as 

the basic model estimations 

8.1 Trust in the housing association 
The trust in the housing association has been combined to a variable describing the respondents trust 

in the housing association on a scale from 1 (low trust) to 5 (high trust). The model was run for 

respondents with a rating lower than 4 and a rating of 4 or 5. The results of the model estimations are 

shown in table 8.1. The group with high trust, shows a strong preference for renovation with the 

reference package, while the group with lower trust is indifferent between the reference package and 

not renovating. The treatments have different effects as well. For people with high trust, the gain 

treatment leads to less preference for renovation, the hedonic treatment does nothing. For people 

with low trust, the hedonic treatment leads to an overall negative preference for renovation, as well 

as a strong increase in preference for insulation as the technique. The gain treatment does not 

influence the decisions of people with lower trust.  

8.2 Environmental awareness 
In case of the environmental awareness the scale of 1 to 5 is used the same. The results are reported 

in appendix B, table B.1. People with high environmental awareness are, as could be expected, more 

eager to renovate compared to the group having low environmental awareness (scored less than 4). 

The group having low environmental awareness is indifferent between the reference package and not 

renovating. Remarkably, it is shown that the influence of the treatments is relatively small in case of 

high awareness, though the gain treatment does decrease the preference for renovation. On the other 

hand the treatments show to have a lot of effect on the group with low environmental awareness. The 

hedonic treatment increases the propensity to not renovate and increases the preference for 

insulation. The gain treatment increases the preference for insulation as well as for high return in terms 

of energy savings.  

8.3 Education level 
Here people are distinguished in a group of highly educated (hbo or higher) and not highly educated. 

The results are reported in appendix B, table B.2. The results for the higher educated show a strong 

preference for renovation. Only the gain treatment shows to affect this preference by changing the 

preference for renovation to not renovating, although the gain treatment also strongly increases the 

preference for insulation for this group. The group of not higher educated is initially indifferent on 

renovation but both treatments have a similar effect creating a negative preference for renovation 



Information provision in energy efficiency renovation  - Stephan Kerperien – University of Technology Eindhoven – April 2019  
42 

with the reference package. The hedonic treatment also increases the preference for insulation for 

this group. 

Table 8.1: Estimation results of control and treatment groups, distinction by trust in the housing 

association 

Attribute Level Trust >=4 Trust<4 

  Coef t-stat Coef t-stat 

Option Not renovate 

(intercept) 

 - 0.738 (2.96)*** - 0.025 (0.12) 

              + hed.treatm. 

              + gain treatm. 

 0.013    

0.517 

(0.09) 

(3.05)*** 

0.306 

0.207 

(2.22)** 

(1.26) 

Technique L0: Solar panels 

L1: Insulation 

ref 

0.113 

 

(1.85)* 

ref 

0.075 

 

(1.02) 

                     + hed.treatm. 

      + gain treatm. 

-0.085 

0.040 

(0.92) 

(0.35) 

0.447 

0.207 

(3.25)*** 

(1.44) 

Gas displacement L0: No 

L1: Yes 

ref 

0.074 

 

(1.54) 

ref 

0.098 

 

(1.87)* 

Investment (in terms of 

monthly rent increase) 

L0: ΔR=0.07*R 

L1: ΔR=0.03*R  

ref 

0.129 

 

(1.99)** 

ref 

0.236 

 

(3.45)*** 

Gross return on the 

investment (in terms of 

monthly energy savings) 

L0: 110% 

L1: 130% 

L2: 150%  

- 0.230 

ref 

-0.053 

(2.59)*** 

 

(0.84) 

- 0.256 

ref 

0.106 

(3.45)*** 

 

(1.36) 

       + hed.treatm. 

      + gain treatm. 

0.103 

0.090 

(0.98) 

(0.81) 

-0.070 

0.193 

(0.60) 

(1.38) 

Emission reduction L0: 30% 

L1: 60% 

ref 

0.300 

 

(2.78)*** 

ref 

0.198 

 

(3.50)*** 

Renew kitchen 

bathroom, toilet 

L0: Not renewed 

L1: Renewed 

ref 

0.316 

 

(2.79)*** 

ref 

0.504 

 

(4.91)*** 

Inclusive value 𝝁 

p-value (H0: 𝝁=1) 

 0.507 

0.013 

(2.78)*** 0.840 

0.350 

(5.06)*** 

McFadden’s R-Square  0.073 0.046 

# respondents  242 364 

# choice situations  5808 8736 

 

8.4 Occupation 
The occupation is divided into working and not working and results are presented in table B.3. The 

working group did not show a significant preference for renovating. The not working group however, 

shows a stronger preference for renovation, but when receiving the gain treatment they become 

indifferent. The hedonic treatment increases the preference for insulation for this group.  

8.5 Amount of rent 
The amount of rent is used to divide a group having rent over 600 euro’s a month and a group under 

600 euro’s a month. The results are added in appendix B, table B.4. The group having an expensive 

rent shows no significant preference for renovating or not.  The group having a lower rent are positive 

on renovating considering the reference package. The hedonic and gain treatment show to increase 

the preference for insulation as the technique used for this group. The preference for renovation is 

decreased by the hedonic treatment, but the gain treatment does this twice as strong.   
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8.6 Gender 
In case of the gender some small difference are shown. The female group does not show a significant 

preference on renovating and is not affected by the treatment. The male group does initially not show 

a preference for renovation as well, they are however more influence by information leading to a 

preference for not renovating in case of the hedonic treatment and a strong preference for not 

renovating in case of the gain treatment. The preference of the male group on the technique is 

influenced by the gain treatment leading towards a preference in insulation. 

8.7 Dwelling type 
Finally, the analysis of the dwelling types is presented in appendix B, table B.6. The respondents living 

in single family dwelling show to be indifferent for not renovating or the reference package initially 

and after gain treatment, but have a preference for not renovating after the hedonic treatment. They 

also have a preference for insulation after the gain treatment. The group in multifamily dwellings, 

however, has a preference for renovation which the gain treatment decreases. The hedonic treatment 

does not affect this group.  

8.8 Conclusion 
The sensitivity analysis has shown that several characteristics of social housing tenants and their 

relation with the housing association are of importance. In general it can be stated that the results are 

insensitive. The preference for renovation of the reference package holds in much cases and the 

influence of the hedonic treatment is shown on the preference for insulation. In some cases this is also 

shown for the gain treatment. Relating to the preference for renovation it is shown that higher trust 

in the housing association leads to a higher willingness to cooperate with the renovation. Higher 

educated are more willing to renovate, but also are strongly affected negatively by the gain treatment. 

Social tenants of multifamily dwellings are more willing to renovate then tenants of single family 

dwellings and social tenants with a high rent are less willing to renovate compared to tenants with a 

lower rent.   
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9 Application 
The preferences as found in the stated choice experiment can be applied by translation to the 

retrofitting approaches as designed by Aedes. In this chapter these approaches will be described in 

terms of attributes of the experiment in order to determine the probability the approach will be chosen 

and the influence the information treatments have on this choice. This in order to determine how 

information can best be framed towards tenants for each of the approaches.  

Aedes has designed 4 approaches for energy efficiency renovation (see section 4.2). A survey among 

all housing associations (Aedes, 2018a) revealed that housing associations intend to use approach XL 

on 40 percent of their stock, approach L on 40 percent of their stock and the remaining 20 percent on 

approach S or M. This survey has obliged housing associations to determine a strategy for each of their 

objects, which makes it highly likely that these strategies will be followed in realizing the energy 

efficiency goals.  

In table 9.1 below the four approaches are translated to retrofitting packages by describing these 

approaches in terms of the attributes from the performed stated choice experiment. The built up of 

the survey has used solar panels and insulation in one attribute. Therefore it is impossible to take both 

approaches into account as described by Aedes. By only using insulation in the packages, the calculated 

probabilities are a safe underestimation of the reality. The reasoning behind the choices for the 

packages follows below.  

Table 9.1: Approaches of Aedes translated to packages.   
Package S Package M Package L Package XL  

Technique Insulation Insulation Insulation Insulation 
Natural gas displacement NO NO NO YES 
Rent increase ΔR in % of R 3% 7% 7% 7% 
Energy savings ΔE in % of ΔR 110% 130% 150% 150% 
Emission reduction 30% 30% 60% 60% 
Improvement of dwelling facilities NO or YES NO or YES NO or YES NO or YES 

 

Package S uses insulation within the current body and thus has insulation and relative low energy 

savings of 110%. The small investment leads to a rent increase of 3 percent. Gas will not be displaced 

and emission will be reduced by 30 percent.  

Package M uses insulation by creating a ‘new skin’ meaning insulation will be maximized. Rent is 

increased by 3 percent. Insulation, 130 percent return in energy savings and 30 percent emission 

reduction will be included, though gas will not be displaced. 

Package L uses insulation within the current body and as an extension to package S uses solar panels 

and heat recovery on ventilation. Therefore 7 percent rent increase, insulation, 60 emission reduction 

and 150 percent return in energy savings are included. Though solar panels are also used in this 

technique, only insulation has a positive influence and will therefore be used. This is caused by using 

solar panels as reference level. 

Package XL uses insulation by creating a ‘new skin’ and includes new building systems (heat pump) 

and solar panels. Insulation, 150 percent savings, 60 emission reduction, a 7 percent rent increase and 

the displacement of gas are included in this package. Just like in package L, solar panels will not be 

used.  
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The improvement or renewal of the bathroom, kitchen and toilet is optional since housing associations 

often use this as a stimulation measure. In the next section probabilities will be calculated for each of 

the approaches. These probabilities will be calculated with and without the renewal of the facilities.  

9.1 Probability of choice packages 
Housing associations aim to maximize the share of tenants who consent with the retrofitting. In 

apartment buildings, at least 70% of the tenants has to agree with renovations, in order for the 

renovation to take place. The results as presented in table 7.1 can be used to get an idea what share 

of tenants would choose each of the approaches of Aedes if offered this as a renovation choice. The 

probability is calculated as described in section 3.2, equation (4). The advantage of using the 

probability of choosing a package is that the hypothetical situation in which the housing association 

presents the tenant with a choice between one approach and another can be analyzed. The reason for 

using two packages in the probability calculation lies in the way the experiment is built up. In the 

experiment the set-up used two packages for renovation and the option not to renovate. Since the 

inclusive value parameter is based on this set-up this has to be used to calculate the probabilities. 

When not using this set-up another scaling factor might be applicable. The calculation of the 

probabilities has been done for all combinations of pairs of the four approaches of Aedes. The main 

conclusions are presented in this section. All results are added in table C1-C4 in appendix C.  

First, the focus is on the results of the control group. The probabilities as calculated for each 

combination of two Aedes approaches are shown in figure 9.2. The main focus should be on the 

probability a tenant chooses not to renovate. It is shown that, for the combination of package S and 

M, the probability of no renovation is 27.4 percent. This does indicate that over 70 percent agrees with 

renovation, but margins are small. Clearly it is shown that by offering more within the packages, the 

probability of not choosing to renovate decreases.  

Figure 9.2: Probabilities of all combinations of Aedes packages for the control group.  
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Second, the effect of information can be analyzed as well as the optional addition of the bathroom, 

kitchen and toilet. This in order to see if the probability of a tenant being unwilling to renovate is 

affected by either information or the addition of renewal of the facilities. In figure 9.3 the average 

probabilities for renovating and not renovating are shown for the control group, the hedonic treatment 

group, the gain treatment group and the control group also receiving a new bathroom, kitchen and 

toilet.  

It is shown that information does affect the decision on renovation or not and that is does so in two 

ways. The hedonic treatment, informing the tenant about the increase in comfort, decreases the 

probability for choosing not to renovate. The gain treatment, informing the tenant about the financial 

benefits, increases the probability for no renovation, meaning tenants are less willing to cooperate. 

Although it has been shown that information does influence the social tenants’ preference on 

renovating, figure 9.3 shows that the influence of information is small compared to the influence of 

adding the renewal of the bathroom, kitchen and toilet. The assumption of the housing association 

that this can be used to stimulate tenants has shown to be correct. 

Figure 9.3: Average probabilities of all Aedes packages.  

 

9.2 Conclusion 
The attributes used in the experiment have been combined to renovation packages according to the 

approaches of Aedes. This way the results of the experiment can be interpreted and applied in practice. 

The probabilities for each of the packages are calculated showing that the approaches of Aedes can 

lead to achieving the 70 percent norm, but margins are small. Information can affect the social tenants’ 

preference for renovation in two ways. The hedonic motive leads to better results, while the gain 

treatment decreases the preference for renovation. Although information provision shows to affect 

0,0%

10,0%

20,0%

30,0%

40,0%

50,0%

60,0%

70,0%

80,0%

90,0%

No renovation Renovation

Average probabilities of all Aedes packages

Control

Hedonic

Gain

Control with BKT



Information provision in energy efficiency renovation  - Stephan Kerperien – University of Technology Eindhoven – April 2019  
47 

the decision, the effects are small compared to the addition of the renewal of the facilities to the 

packages. This is the most effective way of stimulating the social tenants to cooperate.    
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10 Conclusion and recommendations 

10.1 Conclusion 
Housing associations are targeted by the Dutch government to reduce the gas and energy consumed 

in their housing stock. To reduce energy usage, retrofitting social houses is necessary, but in order to 

do so tenants have to agree with the renovation and the consequential rent increase. In practice, the 

tenants’ consent is not always achieved (Jager, 2018). Knowledge about the preferences of social 

housing tenants in energy efficiency investments and the way these preferences are affected by 

information provision could help to frame suitable renovation packages in order to achieve the tenants 

consent. This research has aimed to answer the research question: How much can information 

provision affect tenants’ willingness to accept the energy efficiency investments and the corresponding 

rent increase? This has been done in several steps. First, the underlying behavioral motives and their 

importance were studied using existing literature. Second, the main actual approaches for energy 

efficiency renovation were discussed. Third, a stated choice experiment with information treatment 

was set up and run using the attributes and levels present in the actual renovation packages. Finally, 

the results of the experiment were exploited to give recommendations about what information 

approach should be applied in practice.  

Literature research on the behavioral motives of environmental behavior suggests three behavioral 

motives as basic motivation to engage in pro-environmental behavior; the gain motive, hedonic motive 

and normative motive. The gain motive describes the motivation to engage in pro-environmental 

behavior because of the monetary advantages. The hedonic motive is based on the enjoyability and 

easiness of the new situation or behavior. The normative motive describes the motivation to behave 

a certain way because it is the right thing to do. Providing information appealing on these motives 

could change a person’s behavior. Often limited attention, the lack of available information or the 

inability or unwillingness to obtain it, leads to biased decisions. Studies on the effect of provision of 

information related to energy use have shown that providing feedback on energy use by an attractive 

energy bill, in-house displays, posters and online dashboards have shown that information helps to 

influence behavior and decrease limited attention. Furthermore, it is shown that people are willing to 

pay for green electricity and change behavior to reduce greenhouse gas emissions. Though all three 

behavioral motives have shown to influence pro-environmental behavior, their relative importance is 

unclear.   

Social housing associations have two main routes in which they can improve the energy efficiency of 

their dwellings: insulating or installing solar panels to produce energy. Insulation can be done in two 

extents and combined with the production of energy. Furthermore, replacement of dwelling 

appliances such as boilers and heating systems with new, HR versions, can additionally contribute to 

reducing energy consumption. Using the four approaches developed by Aedes, the following attributes 

of retrofitting seem to be important choice variables when designing the retrofitting package: (i) 

technique used: insulation or solar panels; (ii) yes or no gas displacement; (iii) energy savings achieved; 

(iv) rent increase faced by tenants; (v) reduction in CO2 emissions; (iv) additional stimulating measures 

like renewal of the facilities in the dwelling.  

A stated choice experiment conducted in this research has quantified the social housings tenants’ 

preferences for the discussed six attributes of the energy efficiency investments and the effect 

information treatment has on this valuation. In this experiment the information treatments used are 

based on the hedonic and gain motive. A treatment for the normative motive has been designed but 

has not been used in the experiment. The estimations of the nested logit model have shown that all 

attributes are of influence though the only shows to capture a small part of the choice behavior. In 
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general a social housing tenant is willing to cooperate with renovation and all aspects of the energy 

investments used in this research have shown to be of importance. The renewal of facilities is of 

highest importance to the tenants, respectively followed by higher emission reduction, higher energy 

savings, lower rent increase, the displacement of gas and insulation used as technology instead of solar 

panels. The hedonic treatment increases the preference for insulation strongly. The gain treatment 

does influence the preference for high energy savings, leading to a more rational distribution of the 

preferences for energy savings, but also increases the preference for not renovating.  

The translation of these outcomes into predicted probabilities that tenants would agree with 

renovation packages of Aedes leads to practically applicable results. Providing information has shown 

to influence the decision of the tenant, but it works two ways. The hedonic treatment appears to be 

an effective way to stimulate tenants to agree with renovation, while the gain treatment increases the 

probability for not renovating making the tenants more critical. Offering a renewal of the dwelling 

facilities as an extra is shown to be the most effective way to increase the probability that tenants 

choose for renovation.    

Social housing tenants have shown to be willing to accept energy efficiency investments if offered the 

right attributes. The renewal of the facilities has been shown to be of highest importance for them. 

The best information approach is the hedonic information approach based on the effect this 

information approach has on the value of the renovation packages and the preference for not 

renovating.     

10.2 Discussion and recommendations for further research 
A usual caveat in stated choice analysis is that it is stated preferences not revealed preferences that 

we observe. Combining the results from this experiment with actual information on how tenants make 

decisions when choosing from different renovation packages would help to tackle this caveat.  

Another caveat is that we do not know how much attention respondents gave to the treatments 

presented when they were filling in the survey. This might lead to an underestimation of the real 

treatment effect. To tackle this issue, information treatment could be put on a separate page of the 

questionnaire with a timer in order to record how much time each respondent spends dealing with the 

treatment.  

In addition to the nested model another option is to use a mixed logit model. This could capture the 

data better and lead to a better goodness of fit. The mixed logit also obviates the limitations of the 

multinomial logit by allowing for random variation of the variables coefficients. Furthermore, using 

latent class analyses could capture and reveal the heterogeneity between preferences for choice 

packages as well as for respondents’ characteristics.  

Finally, the results as presented are based on the data received from 606 full questionnaires of four 

Dutch housing associations. The size of the dataset has led towards a necessary focus in order to get 

significant results. When a larger dataset could be obtained, we suggest to include the following 

aspects for further research. First, additional attributes of renovations could be studied, such as 

nuisance, the need to move and separate attributes for solar panels and insulation. Second, a broader 

view of interregional and international differences in preferences could be gathered if data from 

different regions and countries could be obtained. Finally, the normative treatment as suggested in 

section 5.2 of this research could be implemented to be able to study the underlying behavioral motive.  
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Appendix A: Housing associations 

 

ZOwonen 
ZOwonen is a housing association situated in Sittard in the very south-east of the Netherlands. They 

own 14.144 dwellings and 2.142 other units (garages, commercial space) spread out over the areas 

Westelijke Mijnstreek, Midden Limburg and Parkstad Limburg. A large part of this portfolio, 10.440 

units, is situated in Sittard-Geleen (ZOwonen, 2018). The appreciation of the customers over 2017 is 

stated to be 7.3 out of 10.  The average net rental price is €513.63 a month being 73.1 percent of the 

admitted maximum rent. ZOwonen invested 10.8 million euro’s in sustainability in 2017 securing that 

30 percent of the dwellings has Energielabel A or B. The average Energie-Index15 in 2018 of ZOwonen 

is 1.68 showing 22.7 kg of CO2-emission for heat per m2 (Aedes, 2018b). 

Sité Woondiensten 
Situated in Doetinchem in the east of the Netherlands the housing association Sité Woondiensten 

owns 8.142 dwellings of which the average rent is €512 a month (Sité Woondiensten, 2018) The rent 

in 2017 is held at 68.1 percent of the admitted maximum rent. 40.4 percent of the dwellings has 

Energielabel B or better. The average energie-index of Sité is 1.71 and the CO2-emission for heat per 

m2 is 21.2 kg (Aedes, 2018b).  

                                                           
15 Energie-Index is a more elaborate system to rate the sustainability of a socially rented house. It can be 
converted to an Energielabel by the table available at https://www.e-label.nl/energie-index/  

https://www.e-label.nl/energie-index/
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Woonlinie 
The housing association Woonlinie is situated in the centre of the Netherlands. They own 4.192 

dwellings (2017) situated in the municipalities Zaltbommel, Woudrichem, Werkendam and Aalburg. 

(Woonlinie, 2017). The average grade for the quality of the dwelling is a 7.2 out of 10 (Aedes, 2018b). 

The average energie-index is shown to be 1.55 giving an average Energielabel C. The emission of CO2 

per m2 of area for heating is 22.0 kilogram.   

Rondom Wonen 
The fourth housing association to cooperate is Rondom Wonen which is situated in Pijnacker in the 

West of the Netherlands. Rondom Wonen owns 2.443 dwellings and manages another 185 dwellings 

owned by others (Rondom Wonen, 2018). The dwellings have an average rent of 576 euro’s a month. 

The tenants have given the rental service an 8.2 out of 10 showing to be happy with the service. The 

average Energie-index is 1.52 being equal to an average Energielabel C.  
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Appendix B: Sensitivity analyses 
Table B.1: Estimation results of control and treatment groups distinction by Environment 

Attribute Level Environment >=4 Environment<4 

  Coef t-stat Coef t-stat 

Option Not renovate 

(intercept) 

 - 0.579 (2.95)*** - 0.039 (0.16) 

              + hed.treatm. 

              + gain treatm. 

 0.006    

0.346 

(0.06) 

(2.73)*** 

0.567 

0.275 

(2.71)*** 

(1.06) 

Technique L0: Solar panels 

L1: Insulation 

ref 

0.104 

 

(2.11)** 

ref 

0.019 

 

(0.17) 

                     + hed.treatm. 

      + gain treatm. 

0.035 

0.004 

(0.47) 

(0.05) 

0.698 

0.454 

(3.09)*** 

(1.98)** 

Gas displacement L0: No 

L1: Yes 

ref 

0.141 

 

(3.07)*** 

ref 

-0.157 

 

(1.89)* 

Investment (in terms of 

monthly rent increase) 

L0: ΔR=0.07*R 

L1: ΔR=0.03*R  

ref 

0.124 

 

(2.64)*** 

ref 

0.332 

 

(3.16)*** 

Gross return on the 

investment (in terms of 

monthly energy savings) 

L0: 110% 

L1: 130% 

L2: 150%  

- 0.207 

ref 

0.026 

(3.41)*** 

 

(0.55) 

- 0.319 

ref 

-0.018 

(2.86)*** 

 

(0.15) 

       + hed.treatm. 

      + gain treatm. 

0.050 

0.047 

(0.68) 

(0.53) 

-0.096 

0.435 

(0.54) 

(1.97)** 

Emission reduction L0: 30% 

L1: 60% 

ref 

0.276 

 

(4.03)*** 

ref 

0.091 

 

(1.20) 

Renew kitchen 

bathroom, toilet 

L0: Not renewed 

L1: Renewed 

ref 

0.334 

 

(3.86)*** 

ref 

0.513 

 

(3.71)*** 

Inclusive value 𝝁 

p-value (H0: 𝝁=1) 

 0.563 

0.004 

(3.97)*** 0.801 

0.350 

(3.97)*** 

McFadden’s R-Square  0.067 0.049 

# respondents  444 162 

# choice situations  10656 3888 
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Table B.2: Estimation results of control and treatment groups distinction by education 

Attribute Level Highly educated 
(hbo+) 

Not highly educated 
(less than hbo) 

  Coef t-stat Coef t-stat 

Option Not renovate 

(intercept) 

 - 0.954 (2.82)*** - 0.223 (1.28) 

              + hed.treatm. 

              + gain treatm. 

 0.124    

1.350 

(0.36) 

(3.13)*** 

0.237 

0.236 

(2.18)** 

(1.89)** 

Technique L0: Solar panels 

L1: Insulation 

ref 

-0.611 

 

(2.00)** 

ref 

0.145 

 

(2.77)*** 

                     + hed.treatm. 

      + gain treatm. 

0.210 

1.059 

(0.62) 

(2.30)** 

0.233 

0.058 

(2.54)** 

(0.59) 

Gas displacement L0: No 

L1: Yes 

ref 

0.206 

 

(1.40) 

ref 

0.092 

 

(2.43)** 

Investment (in terms of 

monthly rent increase) 

L0: ΔR=0.07*R 

L1: ΔR=0.03*R  

ref 

-0.082 

 

(0.58) 

ref 

0.223 

 

(4.07)*** 

Gross return on the 

investment (in terms of 

monthly energy savings) 

L0: 110% 

L1: 130% 

L2: 150%  

- 0.583 

ref 

0.135 

(2.69)*** 

 

(0.58) 

- 0.225 

ref 

0.018 

(4.09)*** 

 

(0.35) 

       + hed.treatm. 

      + gain treatm. 

-0.392 

0.095 

(1.12) 

(0.27) 

0.055 

0.147 

(0.70) 

(1.50) 

Emission reduction L0: 30% 

L1: 60% 

ref 

0.582 

 

(3.31)*** 

ref 

0.241 

 

(4.78) 

Renew kitchen 

bathroom, toilet 

L0: Not renewed 

L1: Renewed 

ref 

0.713 

 

(2.99)*** 

ref 

0.401 

 

(5.20)*** 

Inclusive value 𝝁 

p-value (H0: 𝝁=1) 

 1.275 

0.473 

(3.18)*** 0.661 

0.011 

(5.28)*** 

# respondents  91 515 

McFadden’s R-Square  0.108 0.050 

# choice situations  2184 12360 
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Table B.3: Estimation results of control and treatment groups distinction by work  

Attribute Level Working Not working 

  Coef t-stat Coef t-stat 

Option Not renovate 

(intercept) 

 - 0.257 (1.18) - 0.566 (2.53)** 

              + hed.treatm. 

              + gain treatm.. 

 0.036    

0.184 

(0.23) 

(1.05) 

0.175 

0.519 

(1.36) 

(3.51)*** 

Technique L0: Solar panels 

L1: Insulation 

ref 

0.070 

 

(0.86) 

ref 

0.081 

 

(1.66)* 

                     + hed.treatm. 

      + gain treatm. 

0.027 

0.217 

(0.20) 

(1.44) 

0.188 

0.039 

(1.78)* 

(0.45) 

Gas displacement L0: No 

L1: Yes 

ref 

0.131 

 

(2.26)** 

ref 

0.045 

 

(1.27) 

Investment (in terms of 

monthly rent increase) 

L0: ΔR=0.07*R 

L1: ΔR=0.03*R  

ref 

0.242 

 

(3.48)*** 

ref 

0.101 

 

(1.75)* 

Gross return on the 

investment (in terms of 

monthly energy savings) 

L0: 110% 

L1: 130% 

L2: 150%  

- 0.321 

ref 

0.113 

(3.85)*** 

 

(1.31) 

- 0.135 

ref 

-0.017 

(2.02)** 

 

(0.39) 

       + hed.treatm. 

      + gain treatm. 

-0.048 

0.014 

(0.37) 

(0.10) 

0.030 

0.182 

(0.48) 

(1.58) 

Emission reduction L0: 30% 

L1: 60% 

ref 

0.297 

 

(4.27)*** 

ref 

0.179 

 

(2.28)** 

Renew kitchen 

bathroom, toilet 

L0: Not renewed 

L1: Renewed 

ref 

0.727 

 

(5.63)*** 

ref 

0.125 

 

(1.92)* 

Inclusive value 𝝁 

p-value (H0: 𝝁=1) 

 0.819 

0259 

(5.31)*** 0.396 

0.002 

(2.21)** 

# respondents  291 315 

McFadden’s R-Square  0.091 0.035 

# choice situations  6984 7560 
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Table B.4: Estimation results of control and treatment groups distinction by amount of rent  

Attribute Level Rent>€600p/m Rent<€600p/m 

  Coef t-stat Coef t-stat 

Option Not renovate 

(intercept) 

 0.313 (1.24) - 0.705 (-3.74)*** 

              + hed.treatm. 

              + gain treatm. 

 -0.237  

-0.352 

(1.13) 

(1.59) 

0.280 

0.596 

(2.48)** 

(4.24)*** 

Technique L0: Solar panels 

L1: Insulation 

ref 

-0.069 

 

(0.59) 

ref 

0.115 

 

(2.34)** 

                     + hed.treatm. 

      + gain treatm. 

-0.028 

-0.168 

(0.14) 

(0.81) 

0.174 

0.230 

(2.15)** 

(2.19)** 

Gas displacement L0: No 

L1: Yes 

ref 

0.181 

 

(2.13)** 

ref 

0.057 

 

(1.75)* 

Investment (in terms of 

monthly rent increase) 

L0: ΔR=0.07*R 

L1: ΔR=0.03*R  

ref 

0.351 

 

(3.50)*** 

ref 

0.113 

 

(2.44)** 

Gross return on the 

investment (in terms of 

monthly energy savings) 

L0: 110% 

L1: 130% 

L2: 150%  

- 0.339 

ref 

0.075 

(3.09)*** 

 

(0.62) 

- 0.176 

ref 

0.021 

(3.03)*** 

 

(0.49) 

       + hed.treatm. 

      + gain treatm. 

-0.338 

0.125 

(1.63) 

(0.62) 

0.076 

0.102 

(1.13) 

(1.17) 

Emission reduction L0: 30% 

L1: 60% 

ref 

0.126 

 

(1.52) 

ref 

0.250 

 

(3.65)*** 

Renew kitchen 

bathroom, toilet 

L0: Not renewed 

L1: Renewed 

ref 

0.827 

 

(5.21)*** 

ref 

0.245 

 

(3.41)*** 

Inclusive value 𝝁 

p-value (H0: 𝝁=1) 

 0.935 

0.747 

(4.70)*** 0.497 

0.001 

(3.60)*** 

# respondents  174 432 

McFadden’s R-Square  0.057 0.064 

# choice situations  4176 10368 
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Table B.5: Estimation results of control and treatment groups distinction by gender  

Attribute Level Female Male 

  Coef t-stat Coef t-stat 

Option Not renovate 

(intercept) 

 -0.328 (1.52) - 0.286 (-1.21) 

              + hed.treatm. 

              + gain treatm. 

 -0.070  

-0.063 

(0.58) 

(0.44) 

0.534 

0.916 

(2.97)*** 

(4.22)*** 

Technique L0: Solar panels 

L1: Insulation 

ref 

0.173 

 

(2.59)*** 

ref 

-0.054 

 

(0.60) 

                     + hed.treatm. 

      + gain treatm. 

0.122 

-0.067 

(1.40) 

(0.67) 

0.279 

0.559 

(1.64) 

(2.56)*** 

Gas displacement L0: No 

L1: Yes 

ref 

0.026 

 

(0.71) 

ref 

0.232 

 

(3.08)*** 

Investment (in terms of 

monthly rent increase) 

L0: ΔR=0.07*R 

L1: ΔR=0.03*R  

ref 

0.136 

 

(2.48)** 

ref 

0.269 

 

(3.19)*** 

Gross return on the 

investment (in terms of 

monthly energy savings) 

L0: 110% 

L1: 130% 

L2: 150%  

- 0.232 

ref 

0.064 

(3.22)*** 

 

(1.12) 

- 0.281 

ref 

-0.050 

(3.16)*** 

 

(0.53) 

       + hed.treatm. 

      + gain treatm. 

-0.036 

0.132 

(0.43) 

(1.22) 

0.133 

0.124 

(0.90) 

(0.74) 

Emission reduction L0: 30% 

L1: 60% 

ref 

0.206 

 

(3.54)*** 

ref 

0.368 

 

(4.13)*** 

Renew kitchen 

bathroom, toilet 

L0: Not renewed 

L1: Renewed 

ref 

0.352 

 

(3.44)*** 

ref 

0.487 

 

(4.56)*** 

Inclusive value 𝝁 

p-value (H0: 𝝁=1) 

 0.562 

0.008 

(3.65)*** 0.899 

0.625 

(4.45)*** 

# respondents  347 259 

McFadden’s R-Square  0.057 0.055 

# choice situations  8328 6216 

 

  



Information provision in energy efficiency renovation  - Stephan Kerperien – University of Technology Eindhoven – April 2019  
62 

Table B.6: Estimation results of control and treatment groups distinction by dwellingtype  

Attribute Level Single family dwelling Multi-family dwelling 

  Coef t-stat Coef t-stat 

Option Not renovate 

(intercept) 

 0.079 (0.37) - 0.880 (3.62)*** 

              + hed.treatm. 

              + gain treatm. 

 0.301 

0.181 

(2.09)** 

(1.07) 

-0.030 

0.663 

(0.21) 

(4.04)*** 

Technique L0: Solar panels 

L1: Insulation 

ref 

0.035 

 

(0.46) 

ref 

0.124 

 

(1.85)* 

                     + hed.treatm. 

      + gain treatm. 

0.188 

0.325 

(1.39) 

(2.04)** 

0.090 

-0.014 

(1.08) 

(0.15) 

Gas displacement L0: No 

L1: Yes 

ref 

0.140 

 

(2.36)** 

ref 

0.044 

 

(1.20) 

Investment (in terms of 

monthly rent increase) 

L0: ΔR=0.07*R 

L1: ΔR=0.03*R  

ref 

0.309 

 

(4.06)*** 

ref 

0.061 

 

(1.34) 

Gross return on the 

investment (in terms of 

monthly energy savings) 

L0: 110% 

L1: 130% 

L2: 150%  

- 0.260 

ref 

0.057 

(3.37)*** 

 

(0.70) 

- 0.196 

ref 

-0.014 

(2.13)** 

 

(0.30) 

       + hed.treatm. 

      + gain treatm. 

-0.047 

0.173 

(0.37) 

(1.22) 

0.058 

0.081 

(0.84) 

(0.80) 

Emission reduction L0: 30% 

L1: 60% 

ref 

0.270 

 

(4.21)*** 

ref 

0.198 

 

(2.18)** 

Renew kitchen 

bathroom, toilet 

L0: Not renewed 

L1: Renewed 

ref 

0.571 

 

(5.38)*** 

ref 

0.223 

 

(2.11)** 

Inclusive value 𝝁 

p-value (H0: 𝝁=1) 

 0.914 

0.631 

(5.22)*** 0.397 

0.002 

(2.17)** 

# respondents  353 253 

McFadden’s R-Square  0.045 0.077 

# choice situations  8472 6072 
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Appendix C: Probabilities for retrofitting packages 
Table C.1: Probabilities for choice package S and all other packages 

  S Control Hedonic Gain 

#   Not # S Not # S Not # S 

M 

Without 27.4% 42.6% 29.9% 23.9% 44.7% 31.4% 35.4% 38.0% 26.7% 

with 
BKT 

20.2% 46.9% 32.9% 17.4% 48.6% 34.1% 26.8% 43.0% 30.2% 

L 

Without 26.5% 45.1% 28.3% 23.1% 47.3% 29.7% 31.5% 46.7% 21.8% 

with 
BKT 

19.4% 49.5% 31.1% 16.7% 51.2% 32.1% 23.5% 52.1% 24.4% 

XL 

Without 25.4% 48.2% 26.4% 22.1% 50.4% 27.6% 30.1% 49.6% 20.2% 

with 
BKT 

18.6% 52.6% 28.8% 15.9% 54.3% 29.8% 22.4% 55.1% 22.5% 

 

Table C.2: Probabilities for choice package M and all other packages 

  M Control Hedonic Gain 

#   Not # M Not # M Not # M 

S 
Without 27.4% 29.9% 42.6% 23.9% 31.4% 44.7% 35.4% 26.7% 38.0% 

with BKT 20.2% 32.9% 46.9% 17.4% 34.1% 48.6% 26.8% 30.2% 43.0% 

L 
Without 24.6% 39.8% 35.6% 21.3% 41.6% 37.1% 29.7% 42.2% 28.1% 

with BKT 17.9% 43.4% 38.7% 15.3% 44.7% 39.9% 22.0% 46.8% 31.2% 

XL 
Without 23.7% 42.9% 33.4% 20.5% 44.7% 34.8% 28.5% 45.2% 26.3% 

with BKT 17.2% 46.5% 36.3% 14.7% 47.9% 37.4% 21.1% 49.9% 29.0% 

 

Table C.3: Probabilities for choice package L and all other packages 

  L Control Hedonic Gain 

#   Not # L Not # L Not # L 

S 
Without 26.5% 28.3% 45.1% 23.1% 29.7% 47.3% 31.5% 21.8% 46.7% 

with BKT 19.4% 31.1% 49.5% 16.7% 32.1% 51.2% 23.5% 24.4% 52.1% 

M 
Without 24.6% 35.6% 39.8% 21.3% 37.1% 41.6% 29.7% 28.1% 42.2% 

with BKT 17.9% 38.7% 43.4% 15.3% 39.9% 44.7% 22.0% 31.2% 46.8% 

XL 
Without 23.1% 41.1% 35.9% 19.9% 42.7% 37.3% 26.3% 39.4% 34.4% 

with BKT 16.7% 44.5% 38.8% 14.3% 45.8% 40.0% 19.2% 43.1% 37.7% 

 

Table C.4 Probabilities for choice package XL and all other packages 

  XL Control Hedonic Gain 

#   Not # XL Not # XL Not # XL 

S 
Without 25.4% 26.4% 48.2% 22.1% 27.6% 50.4% 30.1% 20.2% 49.6% 

with BKT 18.6% 28.8% 52.6% 15.9% 29.8% 54.3% 22.4% 22.5% 55.1% 

M 
Without 23.7% 33.4% 42.9% 20.5% 34.8% 44.7% 28.5% 26.3% 45.2% 

with BKT 17.2% 36.3% 46.5% 14.7% 37.4% 47.9% 21.1% 29.0% 49.9% 

L 
Without 23.1% 35.9% 41.1% 19.9% 37.3% 42.7% 26.3% 34.4% 39.4% 

with BKT 16.7% 38.8% 44.5% 14.3% 40.0% 45.8% 19.2% 37.7% 43.1% 

 

 


