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Summary 
 

Introduction  
The concept of sustainability has been dominating society for several decades now. 
Governments have created policies (inter)national agreements to reduce the CO2 emission in 
such a way that the global temperature increase will not exceed 2.0 °C, and the target limit is 
even set on 1.5 °C. This is also a big challenge for the built environment and thus the current 
dwelling stock. Out of 7.2 million dwellings in the Netherlands, 1.2 million dwellings are enlisted 
to owner associations. This is a juridical entity consisting of dwelling owners that are situated 
in a bigger complex or building. An apartment complex is often split up in individual 
apartments, which also leads to communal parts like façade, hallways and roof. Owners of an 
apartment are in fact owners of an apartment right, these owners are juridically obliged to 
become a member of the owner association of the complex. 

In the context of the sustainability task to create a more energy-efficient built environment, 
owner associations are lagging behind. So far, literature has mostly focused on general 
obstacles that owner associations encounter. But there are more individual-specific problems. 
The group decision aspect of owner associations makes that at least some level of consensus 
between members is required. Moreover, members will also take into account the preferences 
of others. So insight in the preferences and choice behaviour of members regarding 
sustainable energy measures can serve as input to overcome the seemingly area of tension 
between willingness of members to become more sustainable and the actual progress of 
owner associations in the process of creating a more sustainable energy demand. 
Consequently, in order to gain insight in the financial possibilities, wishes and demands of 
members of an owner association, the following research question is formulated: 
 
What kind of sustainable energy measures are preferred by members of owner associations, 
how are these preferences influenced by the group decision-process and what is the best 
financing for these measures? 

 

Methodology 
In order to answer the research question, exploration of the existing literature is combined with 
field research. The field research is in fact a survey. The literature study is used to draw up a 
conceptual model, following the Theory of Planned Behaviour (Ajzen, 1991). The conceptual 
model, in its turn, functions as foundation for the survey.  

In this way, the survey perfectly represents the research gap as identified in the literature 
study: a choice experiment reveals choice behaviour, which can be re-translated into data on 
preferences. The survey furthermore includes questions about characteristics about the 
attitude and norms of the respondents, and the activeness of the owner association. These 
characteristics can be used as explanatory variables and thus can give insight in the 
background of preferences of dwelling owners affiliated to an owner association regarding 
sustainable energy measures. 

A stated choice experiment is chosen and included in the survey because it can present new, 
not yet existing alternatives to respondents. These alternatives represent packages of 
sustainable energy measures. The packages consist of specific attributes: energy cost 
reduction, nuisance, CO2 reduction, investment costs, dependency of gas and comfort 
increase. The attributes have different levels, which ensures that an individual has to make a 
trade-off between alternatives. The decision-making process of owner associations makes it 
necessary to divide the stated choice experiment consists of two parts: in the first part the 
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respondent has to propose a sustainable energy measure package, the second part asks for 
the respondent’s reaction to a proposal of a fellow resident.  

For the stated choice experiment, discrete choice modelling can be used to measure 
preferences and choice behaviour of members. It is important to also take into account 
behaviour in relation to the decision process, because a resident’s choice for sustainable 
measures can be influenced by preferences of other members. Therefore the utility function 
of discrete choice modelling is extended with a social component. The choice sets are also 
extended with a preference table in order to capture the group decision context of an owner 
association. Preference tables show the percentage of members that is in favour of a certain 
sustainable energy package. In this way, one can measure whether individuals take the 
preferences of others into consideration when proposing a sustainable energy package or 
reacting to a proposal of a fellow resident.  

 

Results 
A Multinomial Logit (MNL) model is specified in order to quantify the preferences regarding 
the six attributes. Generally, members of owners associations prefer a monthly energy cost 
reduction of €62.50, low nuisance, a high CO2 reduction, low investment costs, a gas free 
dwelling and high comfort. Comfort increase and investment costs are the relatively most 
important attributes. Having a gas free dwelling is the least important attribute for owner 
association members. This is also expressed in the Willingness-to-pay (WTP) for a gas free 
dwellings: members are willing to pay €7,030 to get a sustainable energy measure package 
that creates a gas free dwelling. Contrary, owner associations members attach a monetary 
value of €14,635 to a sustainable measure package that leads to 10% comfort increase. 

A Mixed Logit model is used to prove variation in the preferences regarding investment costs 
and having a gas free dwelling. The gas free attribute showed the highest taste variation. This 
means that any results in relation to these attributes need to be interpreted with some caution. 

With use of Latent Class Analysis, three segments of individuals with similar preferences are 
determined: 

- Class 1: moderates 
- Class 2: cost-minded 
- Class 3: idealists 

The influence of the group decision-process on the preferences of owner association members 
is analysed by adding several choice parameters to the MNL model. When an individual reacts 
to a proposal of a fellow owner association member, he is less inclined to choosing a 
sustainable energy measure package over ‘none of these’. In the reaction choice situation, 
members attach less value to a package with low nuisance and one that leads to a non-gasfree 
dwelling. Comfort increase of 0% is even less appreciated, and investment costs of €3,000 
are even more appreciated when reacting to a proposal. Moreover, individuals are more willing 
to accept a proposal of a fellow owner association member and thus individuals are more cost-
oriented when they react to a proposal of a fellow owner association member. The preferences 
of others also play a role: the higher the share of fellow members in favour of a sustainable 
package, the higher the utility for that package. If the preferences within the owner association 
are more divided, members are in general more likely to choose their own preferred 
sustainable energy package. 

Owner associations have three main alternatives to finance sustainable energy measures: the 
sustainable measures can directly be paid out of the reserve fund (if sufficient), owner 
associations can request a one-time increase of the contribution that adds up to the investment 



5                       
 

costs of the measure(s), or external financing options can be explored if the reserve fund is 
not sufficient and not all members have the financial ability to contribute directly. Members of 
owner associations are very consistent in their preference for a certain financing option, 
independent on the characteristics of the sustainable energy measure package. Paying 
sustainable energy measures directly out of the reserve fund is the most ideal financing form 
according to owner association members. When looking at the past two years, this is also the 
most used financing form. Almost one-third of the applied measures is financed out of own 
resources, indicating that members also choose for sustainable energy measures that do not 
need permission of the owner association. With higher investment costs, getting a collective 
loan becomes more popular. Contrarily, a one-time contribution increase is more popular for 
low investment costs. 

 

Conclusion and discussion 
Owner associations can contribute to (inter)national sustainability goals by implementing 
sustainable energy measures. The outcomes of this research can serve as input to overcome 
the seemingly area of tension between willingness of members to become more sustainable 
and the actual progress of owner associations in the process of creating a more sustainable 
energy demand. In order to do so, the outcomes of this research should be integrated into the 
decision-making process of owner associations. When doing so, technical innovations and 
changing governmental policies should be kept in mind. 

The design of the choice experiment was limited to a static simplification of the actual decision-
making process of owner associations. Relative power of- and relations between decision 
makers have an influence on the outcome. Moreover, intra-household decision-making is not 
taken into account. In order to validate the stated choice experiment, it should be compared 
to revealed choice data. 

When reacting to a proposal of a fellow owner association member, there are multiple reasons 
to adjust preferences. Further research should be focussed on the inclusion of the underlying 
principles of adaptive choice behaviour in discrete choice modelling. 

Ideally, the sustainability committee of an owner association develops two or three sustainable 
energy measure packages, based on the preferences of its members. They present these 
packages in the gathering, and propose their favourite package (the one that fits their 
members’ preferences the most). Then, the owner association members vote on which 
sustainable energy measure package they prefer. By designing the decision-making process 
in this way, the chance that a package is chosen has increased and the chance that the chosen 
package is the proposed one has increased as well.  

This research has created general guidelines regarding choice behaviour of owner association 
members. Their preferences are mapped, the influence of group decisions is recognised and 
three clusters are identified which enables segmentation of target groups. The technical 
detailing of the proposals is a point of interest, in order to increase the practical use of the 
finding of this research and to help owner associations in accomplishing their sustainability 
targets. 
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  1 Introduction 

 

1.1 Background 
The concept of sustainability has been dominating society for several decades now. 
Awareness of the impact of society on the environment started in 1972 with the club of Rome 
and was followed by the establishment of the Intergovernmental Panel on Climate Change 
(IPCC) by the United Nations in 1988 (IPCC, n.d.). The reports of the IPCC clarified the role 
of society on global warming and has led to several international conventions since then.  

The most radical international obligations regarding global warming yet are established in the 
Paris Agreement of the international climate change convention of 2015 (United Nations, 
2015a). This agreement includes the legally binding commitment of almost 200 countries to 
reduce the CO2 emission in such a way that the global temperature increase will not exceed 
2.0 °C, and the target limit is even set on 1.5 °C. The Dutch government has integrated these 
obligations into the draft climate agreement (Ministry of Economic Affairs and Climate, 2018), 
which is further elaborated into the final climate agreement (Ministry of Economic Affairs and 
Climate, 2019). This national climate agreement aims at a CO2 reduction of 49% by 2030, 
compared to 1990. For the built environment, this boils down to a target of 3.4 Mton CO2 
reduction by 2030. According to the calculations of the PBL (2019), the climate agreement will 
result in 0.8-3.7 Mton CO2 reduction by the built environment. Uncertainty about the effects 
for the dwelling stock is dependent on how subsidies are given, the runtime of financing, cost 
reduction and the pace of the execution of plans. The plans in the climate agreement require 
investments of 6.8-13.5 billion euro into the built environment. 

Creating a sustainable energy demand is crucial for the built environment to meet the target 
of the national climate agreement (Ministry of Economic Affairs and Climate, 2018). This is 
captured in the concept of ‘trias energetica’ (Ministry of Economic Affairs, 2010). The first step 
toward a more sustainable energy demand is reducing the energy demand with constructional 
or architectural measures. The second step consists of the use of sustainable energy 
resources. The third step is to use finite energy sources in the most efficient way.  

The Dutch Energieagenda (Sociaal Economische Raad, 2016) describes that the built 
environment is responsible for more than 30% of the total energy use in the Netherlands, 
mostly used for dwelling heating. Creating a more sustainable energy demand of the built 
environment thus could help achieve the national CO2 reduction targets, but this requires 
energetic improvement of  the existing buildings as well as constructing all new buildings in a 
sustainable way. A more sustainable dwelling normally has several advantages including a 
higher comfort, lower energy bill and higher dwelling value (Rijksoverheid, n.d.(a); Brounen & 
Kok, 2011). 

The current building stock consists of 7.8 million dwellings, whereas the number of newly built 
dwellings in 2018 was 66,000 (CBS, 2019a). The share of yearly newly built dwellings is only 
1% of the total stock. Given the difference between these numbers, creating a more 
sustainable energy demand for the current building stock has more energy reducing potential 
than for new buildings. However, making the current building stock more sustainable is more 
complicated so it is a bigger challenge (Visscher et al., 2013). The Dutch climate agreement 
(Ministry of Economic Affairs and Climate, 2019) describes that in order to meet the CO2 
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reduction target for 2030, approximately 1.5 million existing dwellings should be made more 
sustainable. This comes down to an average of 130,000 dwellings per year until 2030. 

The current dwelling stock is built up as described in figure 1: 57% of the dwellings is owner-
occupied, 29% is social rental and 13% is commercial rental (CBS, 2019b). Schilder, van 
Middelkoop & van den Wijngaart (2016) noticed that the Dutch climate agreement does not 
contain clear obligatory arrangements for the owner-occupied sector, whereas these 
arrangements are included for the social rental sector. This has to do with the fact that a 
general representative is lacking, which makes the sustainability assignment for the owner-
occupied sector more complicated. This backlog can be noticed in the number of green energy 
labels (A, B or C). Between 2015 and 2018, the number of green energy labels increased with 
4% in the commercial rental sector, as against 3% in the social rental sector. The number of 
green labels in the owner-occupied sector only grew by 1% (Ministry of the Interior and 
Kingdom Relations, 2019). 

 

  
Figure 1: Division of owner associations with at least one dwelling (CBS, 2019a) 

1)  Of 78,250 dwellings, the type of ownership is unknown. 

 

Agentschap NL (2010) already concluded from a literature study that policies focussing at 
stimulating sustainable investments of home owners that are purely aimed at financial motives 
as a decisive factor are more likely to fail. Instead, policy programs should be based on 
different target groups and provide diverse choice opportunities. Important motives for 
dwelling owners to include energy reducing measures into renovation are the urgency of 
renovation and the cost reduction aspect (Oet et al., 2009). Owners have trouble with the 
height of the initial investment costs, and they also lack knowledge about the financial and 
technical possibilities. Oet et al. (2009) identified replacement of the central heating boiler and 
window frames as preferred measures for homeowners. This is in line with RVO (2014), that 
identified high efficiency heating boilers, high efficiency windows, solar panels, roof insulation, 
floor insulation and wall insulation as most popular measures. According to Jongejan (2011), 
crack sealing should be added to the list of preferred energy saving measures. 

An important share of the owned building stock is arranged in owner associations. This is a 
juridical entity consisting of dwelling owners that are situated in a complex or building. An 
apartment complex is often split up in individual apartments, which also leads to the creation 
of communal parts like façade, hallways and roof. Owners of an apartment are in fact owners 
of an apartment right, these owners are juridically obliged to become a member of the owner 
association of the complex. The dwellings affiliated to an owner association can still be rented 
out by housing associations, investors or private landlords. Dwelling renters are not a member 
of the owner association, but the owner of these dwellings are. If there are rental dwellings 
present in an apartment complex, the owner association is considered to be mixed. 

Total dwelling stock1):
7,740,984

Owner-occupied dwellings:                     
4,386,769

Social rental dwellings:         
2,268,383

Commercial rental dwellings:         
1,007,582
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The core task of an owner association is the maintenance and management of the complex. 
For this cause, owner associations have a ‘multi-year maintenance plan’, which should be 
approved by the members that gather at least once a year. A periodical contribution (the so-
called service costs) is collected from the members to pay for regular expenses. In addition, 
there is a reserve fund for non-yearly costs like big maintenance. Both the reserve fund and 
the periodical service costs are determined in coordination with the multi-year maintenance 
plan. The contribution for the reserve fund can be included in the periodical service costs, or 
can be charged separately.  

Owner associations can be established when a new apartment complex is built, but also for a 
new bungalow park or shopping centre. According to CBS (2016) there were 143,835 owner 
associations in the Netherlands in 2015, of which 125,000 included at least one dwelling. 
Figure 2 describes that the type of ownership of the dwellings differ per owner association: 
48% of the 125,000 owner associations with at least one dwelling has a mixed ownership form 
and 52% has a non-mixed form. 

 

  
Figure 2: Division of owner associations with at least one dwelling (CBS, 2016) 
 

In total, the number of dwellings enlisted to an owner association by 2015 was almost 1.2 
million dwellings. This is more than 15% of the total dwelling stock of the Netherlands. In 
accordance with this number, the Sociaal Economische Raad (2013) acknowledge that within 
the built environment, owner associations have the potential to contribute a lot towards a more 
sustainable dwelling stock. However, they emphasize that there are specific and complex 
impediments that hinder owner associations in creating more sustainable dwellings for their 
members. The average project time is estimated at two years (TNO, 2017). In a research upon 
measures to stimulate homeowners to become more energy efficient, Meijer et al. (2009) 
acknowledged that owner associations require a specific approach regarding sustainable 
measures, and a policy formed by municipalities is identified as a stimulation of the transition 
of owner associations. 

According to TNO (2017), owner associations can encounter several financial, technical and 
organisational obstacles in the decision-making process of exploring possibilities to make the 
dwellings of their members more sustainable. These potential obstacles are divided into 
crucial factors regarding knowledge and possibilities, and factors regarding group dynamics. 
Knowledge- and possibilities-related factors that are named by TNO (2017) are: the difference 
in financial abilities between individual members, the establishment of the overall business 
case, knowledge about the subject of the members and board, the presence of professional 
support, the investment moment in relation to the multi-year maintenance plan and the 
presence of a housing association or other landlord. Organisational factors that are concerned 
with group dynamics are: the presence of a pioneering leader, communication with and 
involvement of members, difference in interests between member and the attendance rate of 
meetings. 

 

Number of owner 
associations: 125,000

Mixed owner associations:                     
59,625

Non-mixed owner associations:        
65,375



12                       
 

Van der Waals (2015) also describes potential obstacles for owner associations when 
arranging the implementation sustainable measures. In order to increase awareness about 
the priority of sustainable energy measures, owner associations at least need a professional 
board, an energy-ambassador or a stimulating municipality. Lack of awareness is mostly 
caused by indifference of members or board of the owner association, or the short living 
duration of members. The plan development of creating a more sustainable owner association 
is amongst others hampered by uncertainty about the profitability of the investment costs or 
the total business case, fear for problems with the indoor environment or too positive 
predictions. Problems with finances are also hampering owner associations. In the decision-
making phase, difficulties arise when individual members profit from general measures 
differently as well as issues like juridical legitimacy and bureaucracy. The solutions brought 
by Van der Waals include counselling, process support and availability of validated 
information.   

When deciding upon sustainability measures, an owner association can choose to include the 
measures into the multi-year maintenance plan. However, as sustainable measures are costly, 
usually an appeal should be made on the reserve fund. According to Raas (2014) the reserve 
fund of an owner association is usually insufficient for big maintenance or applying sustainable 
measures. Approving the proposed sustainability measures requires a qualified majority 
instead of a regular majority. This means that more votes should be present at the meeting, 
and more votes should approve the measures or a combination of these regulations. 
Consultation with members about energy savings and financing are identified by experts as 
important to get such qualified majority (van der Vleuten, 2014). 

Inherent to group decisions is that not only an individual’s own preference is of importance, 
but also the preferences of others. A choice for a certain sustainable energy measure package 
has an outcome in the form of costs, energy savings etcetera. If a resident prefers a package, 
he is likely to compare his outcome to the outcome of others (Gillespie et al., 2000). The group-
decision component of the sustainability task makes it even more complex.  

Figure 3 shows the further distribution of dwellings within the 125,000 owner associations that 
include at least one dwelling. The mixed owner associations contain 847,880 dwellings, which 
makes the average number of dwellings for mixed owner associations 14. Within mixed owner 
associations, 58% of the dwellings are owner-occupied and 41% are rental dwellings. The 
non-mixed owner associations include 326,010 dwellings, with an average of 5 dwellings per 
complex. The owner-rental ratio is 34% owner-occupied and 59% rental. These numbers 
indicate the heterogeneity that exists in the dwelling stock of owner associations. The total 
number of dwellings includes in this research consist of the 490,250 privately owned dwellings 
in mixed owner associations and the 112,130 privately owned dwellings in non-mixed owner 
associations. It is unknown how many of these 602,380 owner-occupied dwellings are already 
sustainable in terms of energy demand. 
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Figure 3: Distribution of dwellings within the 125,000 owner associations  
1)  Of 6,335 dwellings in mixed owner associations, the type of ownership is unknown. 
2)  Of 22,895 dwellings in non-mixed owner associations, the type of ownership is unknown. 

 

In a research report on the public support for the energy transition in the Netherlands, research 
company Motivaction (2016) showed that stimulating the sustainability of the energy system 
is considered to be quite urgent: 77% of the Dutchmen are (very) positive about stimulating 
sustainable energy, with 2% being negative and 20% being neutral or without an opinion 
(Motivaction, 2016). They also see a role for themselves: 61% of the sample is positive about 
contributing to a more sustainable energy supply. Values that are considered to be important 
for the new energy system are safety, affordability, availability and environmental friendliness. 
Assuming that members of dwellings affiliated to owner associations do not have a 
significantly different opinion than the average Dutchman, the energy transition is considered 
to be necessary and important by them as well.  

What can be concluded from this, is that there is area of tension between the willingness of 
members of the dwellings affiliated to owner associations to become more sustainable and 
the actual progress of the owner associations in the process of creating a more sustainable 
energy demand. Energiesprong (2014) concluded that even well-organised owner 
associations with enthusiastic members got stuck in the first phase of consultation members 
and plan development. So even when the general obstacles that owner associations 
encounter in the decision-making process are solved, insight in the preferences of members 
is still necessary. This is also confirmed by practical experience: in a case-study by 
Energiesprong (2012), seven owner associations successfully made sustainable, all owner 
associations acknowledge the importance of the role of members. 

The willingness to reduce energy demand is not only influenced by socio-demographic 
characteristics but also by individual attitudes and believes (Abrahamse, 2007). Earlier 
research of Motivaction (2018) already distinguished five consumer profiles, each with a 
different attitude towards sustainability. This means that the way that Dutchmen experience 
sustainability and embrace it is divers. This is also valid for members of owner associations. 
Insight in the possibilities, wishes and demands of owner associations’ members could be 
used as input to overcome the area of tension and solve the obstacles in the decision-making  
group process. 

 

 

Number of dwellings:    
1,173,890

Dwellings in mixed 
owner associations1):

847,880

Owned dwellings: 
490,250

Rented dwellings: 
351,295

Dwellings in non-mixed 
owner associations2):

326,010

Owned dwellings: 
112,130

Rented dwellings: 
190,985
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1.2 Motivation 
An international or European policy regarding the creation of a more sustainable energy 
demand of the built environment is lacking since the built environment and even the dwelling 
stock is very specific for each country. These differences complicate a general approach, 
which makes the Dutch challenge even bigger. This is why research in this field could add 
something to the assignment of the Dutch sustainability mission. 

The ‘trias energetica’ concept is most applicable for the current dwelling stock. The long life-
cycle of a dwelling makes energetic improvement of the current dwellings favourable over 
rebuilding the current dwellings in a sustainable way. However, the challenge of creating a 
more sustainable energy demand for the current building stock is much bigger than the 
challenge for new buildings. Energetic improvement brings specific problems because one 
has to deal with the current building state: there could arise problems with comfort, 
construction or adaptability of the dwelling or building.  

Owner associations are of particular interest because they include a substantial part of the 
dwellings stock, but lag behind in the sustainability assignment. The obstacles that owner 
association encounter can be overcome by a collective approach, taking into account 
technical, financial and organisational problems in the decision-making process of creating a 
more sustainable energy demand for an apartment complex. However, this requires insight in 
the preferences of the members of an owner association and how they act upon these 
preferences. Van Hal (2009) prescribed that the implementation of sustainable energy 
measures is most likely to succeed when the desires and needs of all involved parties are 
included as starting point. If governments decide to create a program to stimulate sustainability 
among owner associations, they should base it on extensive research about behavioural 
influences rather than personal intuition (Agentschap NL, 2010). This research can contribute 
to such programs. 

The concept of owner associations is very common in European countries. In some way, all 
countries are familiar with a division between owners of private apartments and collective 
spaces. Sometimes, residents do not have a voice, like in the Freehold system in the United 
Kingdom (van der Vleuten, 2016). Moreover, the owner association is not always a legal 
person (such as in Germany) and the juridical framework differs per country. This means that 
the way of voting on decisions and thus the voice of owners, as well as the way that financing 
is arranged, also differs per country. For example, in Belgium and Germany there is a 
restriction for the number of votes that an owner has. This all has an impact on the way that 
sustainable measures can be implemented by owner associations. Outcomes on the 
preferences of members of Dutch owner associations can still be valuable for other European 
countries, although he way that these outcomes can be used will differ per country. 

 

1.3 Problem analysis 
The scope of sustainability policies for the built environment are mostly aimed at new 
development projects, whereas the biggest challenge is for the current building stock. 
Although dwelling owners have several motives to implement sustainable energy measures, 
there are still some barriers remaining. In the context of the sustainability task to create a more 
energy-efficient built environment, owner associations are lagging behind.  

The task of owner associations to create a more sustainable energy demand can be specified 
as picking (a combination of) sustainable measures that all in all leads to a positive business 
case: this means that the social and financial benefits are higher than the investment costs for 
the sustainable measures. In the process of doing so, owner associations encounter several 
technical, financial and organisational obstacles that are specific for such associations. The 
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observation in the Energieakkoord in 2013 that owner associations require a special approach 
in the sustainability task has led to several reports describing these obstacles, but this has not 
led to an actual change. This is mostly due to the decision-making process that owner 
associations go through when choosing sustainable energy measures.  

Creating a more sustainable energy demand for owner associations is in fact a group decision, 
so an obstacle that is specific for owner associations is that decisions have to be collectively 
supported. This means that some level of consensus between members is required. Moreover, 
when choosing sustainable energy measures members will also take into account the 
preferences of others. An important question is whether their choice behaviour is purely 
rational, or that the decision-process is influenced by other factors.  

The decision-making system with votes also means that preferences of renters are not 
undoubtedly suitable for the outcomes of this research. The main reason for this, is that in a 
landlord-renter relationship different objectives can play a role. This split incentive results in 
disagreement, and a reduced focus on creating a more sustainable energy demand. The 
consequence is that the preferences of these members not always appear on the agenda of 
the owner association and when they do, it can be biased by split incentives. Moreover, they 
do not have a voting right. Therefore, this research includes the members of the owner-
occupied dwellings that are affiliated to owner associations in the Netherlands. To conclude, 
this research aims at the preferences of private dwelling owners that are member of an owner 
association.  

Research in the field of creating more sustainable owner associations is mostly aimed at the 
general problems that these owner associations encounter. However, there is little known 
about the individual preferences that members of owner associations have and how they act 
upon these preferences in the decision-process. Insight in their choice behaviour, wishes and 
demands can serve as input to overcome the seemingly area of tension between willingness 
of members to become more sustainable and the actual progress of owner associations in the 
process of creating a more sustainable energy demand. 

 

1.4 Research question 
To gain insight in the financial possibilities, wishes and demands of members of an owner 
association, the following research question is formulated: 

 
What kind of sustainable energy measures are preferred by members of owner associations, 
how are these preferences influenced by the group decision-process and what is the best 
financing for these measures? 

 
In order to research this, a few subquestions are formulated: 
 

1) What are characteristics of owner associations and how are they performing regarding 
creating a sustainable energy demand? 

2) Which sustainable energy measures are most suitable for members of owner 
associations and which financing options are available? 

3) What are the individual preferences of members for sustainable energy measures? 
4) What is the influence of the group decision-process on the preferences of members 

for sustainable energy measures? 
5) How should the chosen sustainable energy measures preferably be financed 

according to members of owner associations?  
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1.5 Research structure 
This research is designed in such a way that it will be able to answer the research question 
and subquestions. The goal is to examine the preferences of members of owner associations 
regarding sustainable energy measures in order to solve the research problem. This research 
combines a literature study with field research. Firstly, existing literature is used to answer 
subquestion 1 and 2. Because these subquestions can mostly be answered from literature 
they are used as prior knowledge that creates the context framework in which the research 
question should be examined. Without this context, it is unclear what the value of the answer 
to the research question is. 

The field research consists of a survey with general questions and a stated choice experiment. 
When measuring choice behaviour of an individual, one can use the revealed choice method 
or the stated choice method. An overview of the advantages and drawbacks of both methods 
is given by Verhoef and Franses (2002). The stated choice method is chosen because it is a 
multivariate technique for measuring an individual’s preference and choice behaviour for new, 
not yet existing alternatives (Ben-Akiva et al., 1994). This makes the stated choice method 
favourable over the revealed choice method. With a survey, a sample of members of owner 
associations is analysed. After this, the results can be used for all members of owner 
associations. 

The design of the survey is two-fold. The first part includes general questions, and the second 
part consists of the stated choice experiment. The general questions are about regarding 
social-demographic characteristics, physical characteristics and energy performance. The 
stated choice experiment also consists of two parts. Firstly, a respondent has to choose 
between different sustainable energy measure package options, including their attributes such 
as investment cost and energy savings. Considering that individuals always choose for the 
measure package with the highest utility, one can derive what the preferences are and which 
characteristics are most important. Secondly, a respondent has to act upon a choice of another 
individual. The question that is asked here, is whether the respondent accepts this choice or 
proposes another alternative. In this way, not only the preferences of individuals are 
measured, but also how they relate to the group decision process. It is important to also take 
into account choice behaviour in relation to the decision process, because a resident’s choice 
for sustainable measures can be influenced by preferences of other members. The utility 
function that will be used to value the choices of individuals is extended with a social 
component in order to analyse the group-decision influence in choice behaviour. 

The research is divided into the different research (sub)questions that need to be addressed 
in order to gain insight in the financial possibilities, wishes and demands of members of an 
owner association. 

 

1) What are characteristics of owner associations and how are they performing 
regarding creating a sustainable energy demand? 

This subquestion answers 1) how owner associations operate 2) what their physical and social 
composition is and 3) what the current state of their sustainable energy performance is. Firstly, 
an exploratory literature research can give insight in the juridical framework in which owner 
associations operate and how it interacts with its members. The criteria that have to be met to 
be considered an active owner association are also explored. Secondly, literature can provide 
figures about social and physical characteristics of owner associations, including building year, 
WOZ-value, ownership and energy label. Thirdly, the current literature on the energy 
performance state of owner associations can be examined.  
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To conclude, this subquestion creates the context framework of the current state of owner 
associations in the Netherlands. Most information about this subquestion is already available. 
For information that is readily available in literature, it is redundant to use other sources. 
Therefore, this subquestion is answered with the help of existing literature in chapter 2. After 
this, the general questions of the survey can be compared to the results found in literature. In 
order to answer the second part of this subquestion, it is important to define sustainable energy 
demand, which is done in chapter 3.  

 

2) Which sustainable energy measures are most suitable for members of owner 
associations and which financing options are available? 

This subquestion puts the available sustainable energy measures and financing options into 
the context of owner associations. Firstly, the relation between sustainability and owner 
associations is defined and the available sustainable energy measures are explored. Some 
measures are more suitable for owner associations than others, so the criteria on which 
sustainable energy measures can be selected are established. This information is found in 
chapter 3. Secondly, the financing options that are available for owner associations are 
explored. Owner associations have multiple options drawing up a business case for the 
financing of sustainable energy measures. These financing options have to be in proportion 
to the included measures. Information about financing can be found in chapter 2.  

 

3) What are the individual preferences of members for sustainable energy measures? 

This subquestion uses the results of the stated choice experiment as input. It gives insight in 
the background behind individual choices of members. What determines their choice and why 
do they choose for a certain sustainable energy measure? First, existing literature regarding 
choice behaviour is examined. After this, the method is described. With discrete choice 
modelling, one can define which attributes contribute to the choice for a certain sustainable 
energy measure package. In addition, a Mixed-Logit model is used to check for taste variation 
in the population and Latent Class Analysis is performed to search for clusters of individuals 
with similar preferences.  

 

4) What is the influence of the group decision-process on the preferences of members 
for sustainable energy measures? 

The individual preferences are now put into the context of a group decision behaviour. Does 
it affect an individual’s preferences if it is known which choice another individual makes? Are 
members willing to compromise in order to come to an agreement? The group decision-
process of the choice experiment is not exactly similar to that of an owner association, but 
considerations of an individual can still be quantified. Different social components are 
measured with the specification of several discrete choice models. In addition, the weights of 
the attributes can be compared to the weights of the attributes of individual choices with the 
use of interaction variables. 

 

5) How should the chosen sustainable energy measures preferably be financed 
according to members of owner associations?  

This subquestion answers the financial part of the choice experiment. The possible financing 
options that are explored in subquestion 2) are included in the survey. In order to address this 
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subquestion, the link between the operation of an owner association and the preferences of 
members needs to be made. The preferred sustainable energy measure packages are 
presented in subquestion 3). In order to understand how the preferred sustainable measures 
can be implemented, the information about the operation of an owner association of 
subquestion 1) is necessary. Implementation of the energy measures requires a positive 
financial business case, which can be achieved in several ways. Once it is known which 
sustainable energy measures are preferred, the optimal financial allocation can be explored. 
This makes the measures actually financial feasible for an owner association. 

 

Which sustainable energy measures are preferred by members of owner associations, 
how are these preferences influenced by the group decision-process and what is the 
best financing for these measures? 

When all these subquestions are answered, the answer on the research question can be 
motivated. The aggregation of all answers on the subquestions thus leads to the final 
conclusion. Once it is known how owner associations operate and what their current state is 
regarding sustainable energy, the preferences of members of owner associations are known, 
how these are affected by the group decision-process and the preferred financing is known, 
recommendations can be composed. Insight in the preferred sustainable energy measures 
and their financial implementation can be used to create guidelines for owner associations. It 
can also help governmental bodies and institutions to promote sustainability amongst owner 
associations. Moreover, it helps owner association members to not be forced into a process 
that they do not support. To conclude, insight in the preferences of members of owner 
associations regarding sustainable energy measures can contribute to sustainable energy 
goals in a responsible way. This all makes this research academically and socially relevant. 
The academic and social relevance is further elaborated in section 1.6 and 1.7. 

 

1.6 Academic relevance 
The academic relevance of this research is related to the transition towards a more sustainable 
energy demand of owner associations. Once known what the preferences of members of 
owner associations are, and what factors have an influence, stakeholders have a vivid 
overview on how to act to stimulate the transition of owner associations with an integrated 
policy that takes all members into account. As a result, the relevance of this research is based 
on the contribution to the knowledge about applying energy efficient measures to dwellings 
affiliated to owner associations, using the preferences of members. This goes further than 
earlier research, since behavioural components are identified as an important factor in 
decision-making of owner associations. So this knowledge not only consists of technical 
innovations, but a combination of technique, behaviour and financing. 

 

1.7 Social relevance 
The social relevance of this research is related to CO2 emissions, with global warming as a 
result. International agreements are made on reducing CO2 emissions, and creating a more 
sustainable energy demand for the built environment is one of the pillars which the Dutch 
national policy is built upon. In the Dutch situation, creating a more sustainable energy demand 
is also of particular interest because they want to reduce their gas supply in order to prevent 
further damages of earthquakes in Groningen. These sustainability targets go hand in hand 
with economic motives: energy prices have been rising since 2000 with an average of 4.2% 
per year (CLO, 2018a), partly due to governmental tax interventions (ECN, 2016).  
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In addition to the increasing energy prices for all households, the risk of social inequality that 
comes with the energy transition of owner associations is also of relevance. The residents of 
apartments mostly have a low- or middle income (CBS, 2016). The energy bill of poorer people 
is a relatively larger part of their overall income, compared to richer people (Sociaal 
Economische Raad, 2013). Moreover, lower incomes pay relatively more for gas than for 
electricity (ECN, 2016). This is confirmed by CPB (2019), who calculated that the draft climate 
agreement hits the lower incomes harder than the higher incomes.  

This all indicates a danger for social inequality: lower incomes are more sensible to future 
increase of the gas price but they do not have the purchasing capacity to make their dwelling 
more sustainable. Inequality can even be locally amplified by the fact that rural owner 
associations are less suitable for certain solutions that require lower investments (like residual 
heating) than urban owner associations. So owner associations require special attention 
regarding social inequality because they are already lagging behind in the sustainability task 
and members usually have lower incomes.   

When the preferences of members are integrated in the decision-making process, the 
sustainable transformation of the building of an owner associations is actually based on input 
from their members. If the decision-making process is smoothened, the current dwelling stock 
affiliated to owner associations can actually contribute to the Dutch sustainability goals. This 
indicates that the sustainability targets for the built environment can be met in a way that is 
most favourable for everybody concerning owner associations. 

 

1.8 Thesis structure 
This chapter briefly introduced the relation of sustainability and owner associations. It is 
acknowledged that there are (inter)national agreements to reduce CO2, which also affects 
owner associations. However, they are lagging behind, mostly due to their unique decision-
making process. With the help of the research questions, this thesis will create insight in the 
preferences of owner association members and how to deal with these preferences.  

In chapter 2, the current state of owner associations in the Netherlands is given. Chapter 3 
analyses the existing knowledge about owner associations in the context of sustainability. 
Chapter 4 examines the state-of-the-art literature about choice behaviour. The field research 
(in the form of a survey) is described in chapter 5. Chapter 6 and 7 give the results of the 
survey. After this, chapter 8 includes the conclusion, recommendations and limitations of this 
thesis. 
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  2 Characteristics of owner associations 

 

This chapter explores the state of owner associations in the Netherlands. Firstly, the operation 
of owner association is analysed. Secondly, the financing options of owner associations are 
explored. Thirdley, the formal and material functioning of owner associations is described, as 
well as the physical and social composition of owner associations in the Netherlands. Next, 
the energy-efficiency of dwellings in the Netherlands is examined. After this, the state of owner 
associations regarding sustainable energy measures is given.  

 

2.1 Operation of owner associations 
The characteristics of owner associations are described by Vegter (2012). An owner 
association is a juridical entity consisting of dwelling owners that are situated in a complex or 
building. When constructing a new complex or building that contains multiple dwellings, it is 
obligated to draw up a deed of property division. In this legal document, the juridical framework 
of owner associations is established. The deed of property division describes the 
characteristics of the building (which parts are private or communal), the regulations of the 
owner association and a property division drawing indicating which apartment rights are 
present. When determining the regulations of the owner association, model regulations are 
mostly used (Nederland VvE, 2017).  

A typical organisation chart of a typical owner association is displayed in figure 4. All owners 
of an owner association are assembled in the meeting of owners. This is the highest body of 
an owner association. The meeting of owners gathers at least once a year to decide upon 
issues like maintenance, budget and annual accounts. This gatherings are led by the chairman 
of the meeting. The executive board takes care of the administration of the owner association 
on behalf of the members. They execute the plans that are formed by the meeting of the owner 
association. The meeting gives the executive discharge for their past actions, transferring the 
accountability from the executive to all owners. They can be assisted by several committees 
that are specialised on a certain subject, such as finances or sustainability. Having a financial 
committees is obligatory, but other committees are not. 

 

 
Figure 4: Organisation chart of a typical owner association  

Meeting of owner association

Financial committee Other committees

Executive of owner association
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VvE Belang (n.d.(c)), the interest group for owner associations, describes the rights and 
obligations of dwelling owners. Owners of an apartment do factually not own the dwelling but 
a share in the building, a voting right in the meeting and the right to use the apartment and 
communal parts. Owners are obliged to become a member of the owner associations, they 
should comply with the rules and decisions made by the owner association and they are 
obliged to pay periodic service costs. The weight of a voting right, as well as the height of the 
periodic service costs, are determined by the property fraction as defined in the deed. The 
property fraction is linked to apartment surface or property value.  

Decision-making of owner associations is bound to the regulations as defined in the deed of 
property division. Each dwelling owner has a voting right in the meeting of owners. Since the 
weight of a voting right is dependent on the property fraction, not all dwelling owners have an 
equal vote. This is especially of importance when an owner association includes owners of 
multiple dwellings (often housing associations, investors or private landlords). A special 
situation occurs when a single owner holds the majority of the votes, which is in fact a veto. 
For regular decisions, a normal majority of the votes is required. For extraordinary decisions, 
a qualified majority is required. This means that additional demands are imposed on the 
number of voters and proponents. For highly important cases, unanimity is required. Which 
decision requires which majority is defined in the regulations of an owner association.  

In order to control the maintenance costs, the executive of the owner association can draw up 
a multi-year maintenance plan. In a multi-year maintenance plan a detailed planning is 
recorded to determine which building parts need to be replaced on which time, and which 
amount of money should be reserved. Members pay periodic service costs to finance the 
regular expenses of the owner association (such as cleaning, insurances and regular 
maintenance). Owner associations also have a reserve fund for irregular expenses, such as 
big maintenance. Having a reserve fund is since 2005 obligatory for owner associations 
(Vegter, 2012), and should since 2018 be at least 0.5% of the reconstruction value of the 
building (Vereniging Eigen Huis, n.d.). The height of the reserve fund is mostly determined by 
the planned maintenance and its costs. The contribution for the reserve fund can be included 
in the periodical service costs, or can be charged separately.  

Regular maintenance that is necessary to maintain the building state of communal building 
parts only requires a normal majority of votes. Changing, adding or removing building parts 
requires tightened voting. This has consequences for the implementation of sustainable 
energy measures to dwellings affiliated to owner associations. They can be integrated into the 
multi-year maintenance plan, but only after approval of a qualified majority of the votes.  

TNO (2017) distinguishes six steps that owner associations go through in the process of 
decision-making about a proposed sustainable measure (see figure 5). The decision-making 
process is described as a ‘costumer journey’. The first step is the emergence of a cause that 
leads to the inclusion of sustainability on the agenda of an owner association. This can be an 
internal cause, as well as an external cause. The second step consists of orientation of 
possible sustainable measures and suppliers. In the third step, an in-depth exploration is made 
to identify the measures that are most fitting to the building. In the fourth step, the meeting of 
owner associations votes upon the execution of a feasibility study. The fifth step consists of 
drawing up a business case with the input of the feasibility study. The sixth step is the voting 
about the execution of the sustainable measure.  

Van der Waals (2015) also describes the process that owner associations go through when 
they are exploring possibilities to create a more sustainable energy demand in another way. 
Four phases are distinguished: increasing awareness, plan development, financial business 
case and decision-making. The first phase is concerned with putting sustainability on the 
agenda of the owner association, as well as including the members in the decision. The plan 
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development of creating a more sustainable owner association is the second phase. In this 
phase, the potential measures are weighted against the constraints. In the phase of the  
financial business case, the possible sustainable measures are evaluated on their profitability 
and feasibility. The last phase includes the actual decision-making by the meeting of an owner 
association.  

Energiesprong (2014) describes three phases in the sustainability process. The first phase 
consists of orientation in the form of a collective start. Support can be created in the form of 
inclusion of input from members, as well as sharing information. The second phase includes 
communication about the progress and the development of a custom-made plan. In the third 
phase, sufficient votes should reached in order to execute the plan. All three phases have a 
relational side and a conceptual side. This means that not only the execution of plans is of 
importance, but also the relation with members. 

 

 

 

 

Figure 5: process of owner associations to implement sustainability according to TNO (2017), 
Van der Waals (2015) and Energiesprong (2014). 
 

The process description of Van der Waals (2015) is more focused on the practical side of 
creating a more sustainable owner associations, whereas TNO (2017) focusses more on the 
decision-making than on the execution of a measure. The process of TNO exemplifies the 
behavioural part of decision-making in owner associations, so that next to practical and 
rational factors also irrational factors are taken into account. This is in line with the findings of 
Energiesprong (2014), although these findings are not supported with literature. The process 
descriptions of TNO and Energiesprong are very similar, but the steps that Energiesprong 
describes are divided by TNO into multiple substeps. Therefore, the process description of 
TNO is most useful and applicable for this research. 

 

2.2 Financing of owner associations 
For owner associations, there are several ways to finance actions like maintenance or the 
implementation sustainable energy measures. There exists big heterogeneity in the income of 
members, and thus on the financial spending limit of individual owners. Knowledge institution 
Platform 31 (2013) describes three scenarios that can lead to a positive decision: 1) the 
reserve fund is sufficient; 2) the reserve fund is insufficient and members have sufficient 
financial means; 3) the reserve fund is insufficient and members have insufficient financial 
means for direct investments. These scenarios lead to different financing options. Additionally, 
the current state of subsidies is given in section 2.2.2. 
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2.2.1 Financing options 
Reserve fund 
The first scenario means that the reserve fund is sufficient, so that an owner association can 
finance the planned actions in this way. As described in section 2.1, the owner association 
has a bank account with a reserve fund for expenses, such as maintenance. Since most 
sustainable energy measures are quite expensive, implementation of such measures should 
be integrated into the multi-year maintenance plan. The contribution of members into the 
reserve fund is then based on the multi-year maintenance plan, so that the reserve fund will 
always be sufficient by the time of the investments. This option appeals the least on the 
financial budget of individual owners because the measures are financed out of the own 
resources of the owner association, and the contribution costs can evenly be spread over a 
longer time period. However, the decision to use the reserve fund and to include the measures 
in the multi-year maintenance plan requires a qualified majority of the votes of the Meeting of 
owners. 

 

Increase of periodic contribution 
The second scenario results in a one-time increase of the periodic contribution. This is a 
relevant option if the reserve fund is insufficient to finance the proposed measures. This extra 
contribution can be financed by members in various ways. Platform 31 (2013) mentions three 
most common ways: members can finance it out of their own savings, members can loan 
money or members can get an additional mortgage. For the increase of the periodic 
contribution, a regular majority of the Meeting of owners would be sufficient, but the 
subsequent decision to use the money to apply sustainable measures requires a qualified 
majority. 

 

External financing forms 
The third scenario implies that members do not have sufficient budget for direct investments. 
If this is the case, alternative forms can be explored. Platform 31 (2013) describes that 
alternative financing forms are attractive if owners cannot contribute on the short term, but can 
(and are willing to) contribute on the long term.  

Owner associations are allowed to search for external financing: since 2015, it is possible to 
get a loan at the ‘Stimuleringsfond Volkshuisvesting Nederlandse gemeenten’ (VvE Belang, 
n.d.(a)). The SVn has two products for owner associations that want to loan money for 
sustainable energy measures: the ‘VvE Energiebespaarlening’, which is taken out of the 
national energy saving fund, and the ‘Duurzaamheidslening’ which is arranged in regional 
funds (Rijksoverheid, n.d.). As a result of this difference, the requirements of application for 
the VvE Energiebespaarlening are nationally arranged, whereas the requirements of 
application for the Duurzaamheidslening differ regionally (SVn, 2018).  

Moreover, since the updated legislation of 2018, owner associations are able to get a regular 
annuity loan from financial organisations (Ministry of Justice and Security, 2017). In the climate 
agreement, the Ministry of Economic Affairs and Climate (2019) announced plans to create a 
fund specially for households that come across complications when applying for a loan, due 
to lending standards. This so-called ‘Warmtefonds’ includes a maximum amount and duration, 
and can be used by dwelling owners and owner associations to finance insulation- and 
installation measures.  
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The juridical and financial risks should always be kept in mind. In case of non-payment, banks 
will appeal on the owners with the best financial budget. However, Platform 31 describes the 
risks of non-payment by owner associations as low. Loaners can pose extra criteria upon a 
collective owner association loan in order to reduce non-payment risks. 

So owner associations can get a collective loan from public or private organisations as long 
as this is not in contravention with the deed of property division. They choose a loan based on 
the interest rate. Interest and repayment costs are then included in the service costs. 

 

Energy performance contracts 
When scenario three occurs, an owner association can also frame a so-called 
‘Energieprestatiecontract’ (energy performance contract) with an Energy Service Company 
(ESCo). In such contract it is arranged how much energy reduction the ESCo guarantees, and 
in what way it is responsible for the implementation, maintenance and administration of 
sustainable energy measures. Agentschap NL (2012a) described that for some sustainable 
energy measures it is more logical to only include the implementation of the measure (such 
as for insulation), but for some sustainable energy measures it is convenient that the ESCo 
also takes care of the administration after implementation (such as for installations).  

When arranging an energy performance contract, either the owner association or the ESCo 
can be responsible for the financing of the sustainable measures (RVO, 2015). If the owner 
association is responsible, the measures can be financed with the options mentioned in this 
section (internally or externally). The ESCo can also choose between internal and external 
financing. If the ESCo is responsible for the financing, the financial benefit for the owner 
association is that the initial investment costs are replaced by monthly compensation costs 
(distributed over multiple years).  

 

2.2.2 Subsidies  
Next to financing options, the government has economic policy instruments to stimulate 
investments in sustainable energy measures. One of them is to provide subsidies. Currently, 
there are three national subsidies relevant for owner associations that are considering 
implementing sustainable energy measures.  

Firstly, there is the ‘Investment subsidy sustainable energy’ for heat pumps, sun boilers, bio 
mass boilers and pellet stoves (VvE Belang, n.d.(b)). This subsidy is introduced in 2016 as a 
result of the Energieakkoord and will only be available until the end of 2020. Both business 
parties and private individuals can submit an application for this subsidy.  

Secondly, the ‘Stimulation Sustainable Energy Generation’ exists. This subsidy is in 2019 
rearranged: the focus shifted from sustainable energy generation targets toward CO2-
reduction. Applicants are now assessed on the amount of CO2-reduction instead of the 
amount of sustainable generated energy (Ministry of Economic Affairs and Climate, 2019).  

Around 18% of the dwelling owners that have invested in energy reduction has received a 
subsidy (ABF Research, 2019). 65% of these applicants would still have invested if they did 
not receive this subsidy. 31% of the dwelling owners that is interested in investing in energy 
reduction is planning to apply for a subsidy. If they will not receive this subsidy, will 57% still 
invest in the energy reduction measures.  
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The temporary nature of these subsidies make them not suitable to include in the choice 
experiment. Most dwelling owners are willing to invest in sustainable energy measures, even 
if they do not receive a subsidy. Although subsidies are a useful policy tool to stimulate 
investments in sustainable energy measures in the built environment, they are not included in 
this research. 

 

2.2.3 Financing options for owner associations 
To conclude, there are four options for owner associations to realise sustainable energy 
measures (see table 1). If the planned measures are included in the multi-year maintenance 
plan, than the reserve fund should be sufficient to finance the measures. The owner 
association can also receive a one-time extra contribution from its members. If the reserve 
fund is insufficient and owners cannot invest right away, the owner association can get a loan. 
The fourth option is to outsource the task to an Energy Service Company. However, arranging 
an energy performance contract does not imply how the sustainable energy measures will be 
financed. In addition, energy performance contracts are relatively new in the Netherlands, 
especially in housing. In mixed owner associations, renters profit from energy reduction but 
do not pay. This all makes ESCO-constructions not yet applicable for owner associations and 
therefore not included in this research. Moreover, subsidies are not included in this research 
since they are only temporary available.  

 
Table 1: Overview of financing options for owner associations 

 Reserve fund 
sufficient? 

Members have sufficient 
financial means? 

Financing option 

Scenario 1 Yes Yes/No Reserve fund 
Scenario 2 No Yes One-time increase of periodic contribution 
Scenario 3 No No -Loan 

-Energy performance contract with ESCo 

 

 

2.3 Functioning of owner associations 
Many owner associations are not functioning in an active way. An owner associations that is 
not functioning is called a ‘sleeping owner association’. According to Vegter (2012), functioning 
can be split out in formal functioning and material functioning. Formally non-functioning owner 
associations do not comply to at least one of the following legal obligations: a yearly meeting, 
periodic contribution, multi-year maintenance plan, reserve fund, collective insurance or 
having an executive board.  

An active owner association complies to at least one of these six characteristics of formal 
functioning. Active owner associations can be operated by owners themselves, or their tasks 
can be outsourced to a professional administrator. By 2012, outsourcing administration to a 
professional administrator was done by 36% of the owner associations (Companen, 2012). 
This happens more often for larger owner associations (>10 dwellings) than for smaller owner 
associations (<10 dwellings), who more often run their own association. Companen (2012) 
also found a direct relation between having a professional administrator and functioning 
formally. The bigger the owner association, the more active the owner association (Vegter, 
2012). 

In a survey by Companen (2012), the functioning of owner associations is researched. In 2012, 
16% of the owner associations surveyed did not run administration. In addition, 16% did not 
gather at least once a year. 13% of the respondents did not have a bank account by 2012. In 
accordance with this did 12% not collect periodic service costs and 19% did not have a (legally 
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obliged) reserve fund. 69% of the responding owner associations had a reserve fund below 
the (in 2018 introduced legal) limit of 0.5% of the reconstruction value. Moreover, 65% of the 
owner associations did not have a multi-year maintenance plan. 

The relatively high level of formal non-functioning has as result that a lot of owner associations 
do not function materially as well, which is characterised by past-due maintenance of 
communal building parts. Bonnerman et al. (2002) described the characteristics that are 
explanatory for material functioning. They found type and size of the building, length of 
residence, living environment, building year, income, age, municipality size, household 
composition and ethnicity as the most important explanatory factors that are not linked to the 
formal functioning of an owner association. The presence of a multi-year maintenance plan, 
the frequency of gathering, the height of the periodic contribution and the presence of an 
executive are the most important explanatory factors that are linked to the formal functioning.  

Active owner associations are more likely to be up to date with maintenance. This also has 
consequences for the implementation of sustainable measures: this requires a certain level of 
formal functioning, since sustainable measures are a form of big maintenance. This means 
that the higher the level of formal functioning of an owner association is, the more beneficial 
the circumstances are to implement sustainable measures. In an optimal situation, an owner 
association is active with a yearly meeting, periodic contribution, multi-year maintenance plan, 
reserve fund, collective insurance and an executive. These can be seen as formal 
preconditions to implement sustainable energy measures. But as with maintenance, the 
physical and social composition of the owner association are also explanatory factors. 

 

2.4 Physical and social composition of owner associations 
As described in section 1.1, there were 1,173,890 dwellings affiliated to 125,000 owner 
assications in 2015 (CBS, 2016). This section describes the physical and social composition 
of this stock. The exact numbers can be retrieved from appendix A. Of the 125,000 owner 
associations, 48% were mixed by 2015, and 52% was non-mixed. Of all dwellings, 51% was 
owner-occupied and 46% was rented (with 3% unknown). For mixed owner associations, 58% 
of the dwellings were owner-occupied and 41% were rental dwellings. For non-mixed owner 
associations, 34% of the dwellings were owner-occupied and 59% rental. This indicates that 
mixed owner associations have on average more owner-occupied dwellings, whereas non-
mixed owner associations have a larger share of rental dwellings (for example, a whole 
apartment complex that is owned by multiple institutional investors). 

Regarding the building year, 23% of the 1,173,890 dwellings were built before 1945. 15% was 
built between 1945 en 1964. The biggest share was built between 1965 and 2004: 26% 
between 1965 and 1984 and 25% between 1985 and 2004. The rest (almost 12%) was built 
after 2004. On average holds that the older the dwellings, the smaller the number of dwellings 
per owner association. 

For 61% of the owner associations, the building year of the dwellings affiliated to it is rather 
old (on average from before 1945). 10% of the owner associations has an average building 
year that lies between 1945 and 1964 and another 10% has an average building year between 
1965 and 1984. Of 13%, the building year lies between 1985 and 2004. The other 7% has an 
average building year of 2005 or later. 

The vast majority of dwellings affiliated to owner assocations has a WOZ-value lower than 
€300,000. More than 50% of the dwellings has a WOZ-value lower than €150,000 and almost 
40% has a WOZ-value between €150,000 and €299,999. The share of dwellings with a value 
between €300,000 and €449,999 is 5% and 2% is worth more than €450,000. 
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For 46% of the owner associations, the average WOZ-value of dwellings affiliated to it lies 
between €150,000 and €299,999. For another 40% of the owner associations, the average 
WOZ-value is lower than €150,000. The share of owner associations that have an average 
WOZ-value between €300,000 and €449,999 is 9%. 4% of the owner associations has an 
average WOZ-value higher than €450,000. 

The most frequent-occuring age group of residents of dwellings affiliated to owner associations 
is 30-49 years: 33% of the main occupants is between 30 and 50 years old. 19% of the 
dwellings has a main occupant that is between 50 and 65 year old and 26% has a main 
occupant that is older than 65. 14% of the main occupants is younger than 30. Looking at the 
major age group in owner associations, 43% of the owner associations is dominated by 30-49 
years old residents. 

The standardised spendable household income 25%-groups are equally represented in 
dwellings affiliated to owner associations. However, when looking at the average income per 
owner association, the second- and third 25%-group are more present with 67%. This means 
that owner associations are mostly dominated by middle incomes and that smaller owner 
associations are more likely to have a majority of middle incomes. 

The biggest share of residents of dwellings affiliated to owner associations is native Dutch or 
a western immigrant: 78%. The share of non-western immigrants is 14%, whereas 8% is 
unknown. 

Almost half of the dwellings affiliated to owner associations is occupied by single-person 
households. 25% is occupied by a couple without children, and 11% is occupied by a couple 
with children. In 6% of the dwellings lives a single-parent family. Regarding etnicity, 78% of 
the dwellings is occupied by native Dutchmen or by Western foreigners, and 14% is occupied 
by non-Western foreigners.  

 

2.5 Energy performance of owner associations 
An owner association normally consists of a collection of owner-occupied dwellings, united in 
a building. These dwellings have their own energy performance, but the communal parts such 
as roof and hallway have an influence on the total energy performance of the building. Firstly, 
the energy consumption of owner-occupied dwellings and owner associations is explored. 
Energy consumption is further specified for apartments. Secondly, the energy labels of owner-
occupied dwellings are examined. They are further analysed for apartments and for owner 
associations. 

 

2.5.1 Energy consumption 
Dutch households use a combination of natural gas and electricity for their energy demand 
(CBS, 2017). Boonekamp (2005) distinguishes seven energy using groups: space heating, 
hot water, washing/drying, cooking, cooling, lighting and other appliances. The energy 
demand of these groups, together with the population growth are the defining factors for the 
total annual energy consumption of Dutch households. This energy consumption is 
traditionally divided into gas consumption and electricity consumption. 

Accounting for the population growth, an increase in the natural gas consumption would have 
been expected in the recent years (CLO, 2018b). However, the total natural gas consumption 
has decreased with 10.7% between 2012 and 2016, mostly due to energy-intensity reduction. 
A reduction of the natural gas consumption can be achieved by energy saving measures or 
by deliberately reducing the natural gas demand of an household by behavioural change. 
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Despite population growth, the total electricity consumption decreased with 3.3% between 
2012 and 2016. Similar to natural gas, energy-intensity reduction is also accountable for the 
reduction of the electricity consumption. 

The average annual natural gas consumption for a household in 2017 was 1,240 m3, whereas 
the average annual electricity consumption in 2017 was 2,860 kWh (CBS, 2018a). However, 
there exists a big heterogeneity within the energy demand of households. For example, the 
energy demand of owner-occupied dwellings differs from rental dwellings. This heterogeneity 
is also the case for households living in apartments affiliated to an owner association. Not only 
is each household composition and thus energy consumption different, also the characteristics 
of the apartments differ.  

Generally, one can draw some conclusions on the annual energy consumption of apartments. 
Their average annual energy consumption is lower than the average of the Netherlands, with 
a natural gas consumption of 840 m3 in 2017 and an average electricity consumption of 2,050 
kWh (CBS, 2018a). Smaller apartments use more natural gas per square meter than bigger 
apartments (CBS, 2019c). The same holds for electricity (CBS, 2019d). The older the 
apartment, the higher the natural gas demand. In addition, an apartment with energy label G 
uses more natural gas than an apartment with energy label A.  

What is typical for an owner association is that its dwellings are united in an apartment 
complex. Consequently, the total energy use of an apartment complex is higher than the 
cumulative energy use of all single dwellings: there is also communal energy use. Typical 
energy consuming features of an apartment complex are elevators and illumination of 
communal spaces.  

The size of the communal energy use depends on how the heat provision is arranged. If the 
heat provision is decentralised, each dwelling has its own typical energy use. The total energy 
use of the building is than the sum of the energy use of all dwellings and the communal energy 
use. If the heat provision is totally centralised, the total energy use is equal to the communal 
energy use. Communal energy costs are included in the periodic service costs. The 
arrangement of the heat provision does not influence the total energy use of an apartment 
complex, just the division between individual and general energy use. 

 

2.5.2 Heat provision  
There is no specific data on heat provision for owner associations, but it is known how the 
heat provision for dwellings of total owner-occupied dwelling sector is arranged (see table 2).  
Of all owner-occupied dwellings, 87% is heated with an energy-efficient HR boiler. Just 5% of 
the owner-occupied dwellings still uses an energy-inefficient heating source, such as a VR 
boiler (3%), CR boiler (1%) or local heating (gas or wood, 1%). 7% of the owner-occupied 
dwellings are connected to a collective heating provision, divided into 4% that uses city- or 
residual heating and 3% that uses block- or district heating. The remaining 2% of the owner-
occupied dwellings are provided by a heat pump. 
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Table 2: Most used heat systems of owner-occupied dwellings (ABF Research, 2019) 
 

 

 

 

 

 

 

As for the water heating systems, only data for the total dwelling stock is available (table 3). 
That the majority (84%) uses a combi boiler for the heating of water is not a surprise, since 
the majority also uses a HR boiler for the heating of the dwelling. The other 16% of the 
dwellings uses city- or residual heating (4%), collective heating (4%), an electric boiler (4%), 
a kitchen or bathroom geyser (2%) or heat pump boiler (1%) as water heating system.  

 
Table 3: Most used water heating systems of dwellings (ABF Research, 2019) 

 

 

 

 

 

 

 

2.5.3 Energy labels 
The current state of the Dutch dwelling stock is displayed in figure 6. By 2017, more than 3.2 
million dwellings had a definite energy label according to CLO (2017). The most dwellings 
have label C, followed by D, B and A. The division of energy labels between gallery- and porch 
dwellings is quite comparable to the average division, as shown in figure 6.  

However, porch dwellings perform worse than average. There are less porch dwellings with 
label A than average, whereas there are more porch dwellings with label D or higher compared 
to the average. A lot of gallery dwellings have energy label B, whereas label F and G are 
under-represented.  

 

Heat system % 

Local heating 1% 

CR boiler 1% 

VR boiler 3% 

HR boiler 87% 

Heat pump 2% 

Collective heating (block or district) 3% 

City- or residual heating 4% 

Water heating system % 

Combi boiler 84% 

Kitchen/bathroom geyser 3% 

Electric boiler 4% 

Gas boiler 1% 

Heat pump boiler 1% 

Collective heating (block or district) 4% 

City- or residual heating 4% 
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Figure 6: Energy labels 2017 - per dwelling type (CLO, 2017) 
 

CBS (2016) researched the energy labels of dwellings affiliated to owner associations (see 
figure 7). Information about the energy labels is taken from the Dutch Kadaster, but this 
information was only available for 410,635 of the 1,173,890 dwellings affiliated to owner 
associations. The smallest group, 9% of these dwellings has an energy label A. Almost half of 
the dwellings has a B- or C label, and one-third (34%) has energy label D or E. 10% of the 
dwellings has energy label F or G. 

 

 
Figure 7: Dwellings affiliated to owner associations divided by energy label 
 

When compared to the gallery and portice apartment dwellings types, dwellings affiliated to 
an owner association show similar results (figure 8). The number of energy labels D and E is 
slightly lower than both gallery and porch apartments, but the rest of the energy labels show 
on average the same distribution. 
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Figure 8: Energy label - dwellings affiliated to owner associations compared to gallery and 
porch dwellings 
 
 

2.6 Conclusion 
This chapter describes the current state of owner associations in the Netherlands. Owner 
associations are juridical entities that consist of dwelling owners of an apartment complex. 
The executive board, together with committees, takes care of the administration and 
maintenance of the building. Owner association members own an apartment right, which also 
gives them the right to vote in the owner association gatherings. 

Owner associations are formally functioning if they gather at least once a year, collect periodic 
contribution from members, have a multi-year maintenance plan, have a reserve fund, have a 
collective insurance and have an executive board. Ideally, decisions upon building 
modifications (such as the implementation of sustainable measures and maintenance) are 
taken in the gathering of an owner associations. Based on this gathering, the executive board 
draws up a multi-year maintenance plan and collect sufficient contribution to finance this plan. 
They have a reserve fund and collective insurance in case of unplanned events.  

Owner associations mostly have an energy label of B or C, which is comparable to the total 
dwelling stock. When owner associations want to implement sustainable energy measures, 
they can finance them in three ways: they can increase the periodic contribution, they can pay 
it out of the reserve fund or they can get a collective loan. The technical possibilities for the 
implementation of sustainable energy measures differs a lot, since the physical and social 
compositions of owner associations is very diverse.  
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  3 Sustainable energy measures in the built environment 

 

In this chapter, the existing knowledge about owner associations in the context of sustainability 
is explored. The concept of sustainability will be defined, as well as the role of the built 
environment in governmental policies. The current situation regarding energy-efficiency and 
the number of possible sustainable energy measures is analysed. After this, a framework for 
sustainable energy measures is presented. 

 

3.1 Sustainability in the context of the built environment 
Sustainability has a prominent role in the contemporary societal debate. The emerge of 
sustainability as a concept has its origin in 1972 with the establishment of the club of Rome, 
which increased the awareness of the impact of society on the environment. Sustainability 
consists of  a wide range of aspects of nature, society and economy. The UN recently captured 
these aspects in 17 sustainable development goals (United Nations, 2015b). The base 
definition of sustainability is established in 1987 in the Brundtland report ‘Our common future’:  

“Sustainable development is development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs.” 

This definition is still general: energy-efficiency, pollution, finiteness of materials and building 
lifespan are all important built environment-related examples of sustainable concepts that 
apply to this definition, yet leading to very different researches. The relation between society, 
nature, economy and built environment is captured in the ‘quadruple-P model’ (see figure 9), 
connecting people, planet, prosperity and project (SenterNovem, 2008a). The versatility of the 
sustainability concept requires a clear demarcation of sustainability that is applicable to the 
built environment. Looking at international, European and national policies regarding 
sustainability, a more sustainable energy demand is identified as the challenge that can lead 
to the most gain for the built environment (United Nations, 2015a; European Union, 2010; 
Ministry of Economic Affairs and Climate, 2019). Therefore, sustainability in this research is 
characterised by all measures within the built environment that reduce the non-renewable 
energy demand and thus the CO2 reduction. 

 

 
Figure 9: Quadruple P model (SenterNovem, 2008a) 
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3.2 Policy framework regarding energy-efficiency 
(Inter)national policies regarding energy efficiency are aimed at achieving a more sustainable 
energy demand in order to reduce CO2 emissions, which is important to control global 
warming. The most important international obligations are established in the Paris Agreement 
(United Nations, 2015a). This agreement includes the legally binding commitment of almost 
200 countries to reduce the CO2 in such a way that the global temperature increase will not 
exceed 2.0 °C, with the target limit even set on 1.5 °C.  

The European Union has set targets for 2020 and 2030 regarding CO2 emissions, renewable 
energy consumption and reduction in overall energy consumption. The 20-20-20 targets for 
2020 (20% reduction of emissions, 20% increase in renewable energy and 20% reduction of 
energy consumption compared to 1990 levels) are adjusted to 40% reduction of emission, 
32% increase in renewable energy and 32.5% reduction of energy consumption by 2030, 
compared to 2007 (European Environment Agency, 2018). All three goals lead to a more 
sustainable energy demand in the European Union. EU member states have different targets 
to reach these goals and are free to decide how to implement them. 

The Netherlands integrated the international and European agreements into the national 
climate agreement (Ministry of Economic Affairs and Climate, 2019) in which it aims to reduce 
the CO2 emission with 49% by 2030, compared to 1990. This could be increased to 55%, 
dependent on sharpened EU policies. Each sector has to contribute to reach this target. The 
built environment is expected to accomplish 3.4 Megaton CO2 reduction by 2030, for which 
several policy instruments are established. The pathway towards the obligations of the Paris 
Agreement for 2050 is shaped by the Energieagenda (Sociaal Economische Raad, 2016). 

On the short term, the Energieakkoord is also of importance (Sociaal Economische Raad, 
2013). After years of varying governmental policies, a cooperation between parties from 
business, social institutions and governmental institution aimed to reach stability and set up 
five targets for 2020 and 2023. The expectation is that three out of five targets will be reached 
(Sociaal Economische Raad, 2019). The built environment plays a role in saving energy and 
creating decentral generation of renewable energy. Main achievements are the creation of 
energy labels for the built environment, setting up subsidies and establishment of regional 
energy counters for information service. 

In the Netherlands, there are several ways to denote the energy-efficiency of a building. The 
energy performance coefficient (EPC) is an extensive indicator for new developed buildings, 
but the EPC will be replaced in 2020 by a new BENG-indicator (Rijksoverheid, n.d.(b)). The 
energy index (EI) is an extensive indicator for existing buildings, which is linked to energy 
labels. Energy labels exist in the Netherlands since 2007. In 2015, all dwellings owners 
received a preliminary energy label from the government (Rijksoverheid, n.d.(c)). When selling 
or renting their dwelling, this preliminary energy label is obliged to be converted into a final 
energy label. Such labels are indicators for the energy performance, ranging from A (most 
efficient) to G (least efficient). Energy labels are convenient means for the government to 
impose obligations. For example: offices are obliged to reach a minimum energy label C by 
2023, and housing associations have to reach a sector-wide average B label by 2021. There 
is no such obligation existent yet for the owner-occupied dwelling sector.  

In a report on the best practices in building energy efficiency policies and programmes in 
Europe, Klinckenberg and Sunikka (2006) distinguished four types of policy instrument that a 
government can deploy in order to promote endorsement of building energy efficiency (table 
4). The first policy instrument is regulation. A government can consider giving regulatory 
benefits for above-standard energy performance, mandatory environmental performance 
evaluation with minimum requirements, set above-standard requirements for governmental 
buildings and energy upgrading requirements when renovating a building.  



34                       
 

Secondly, economic instruments can be considered. Loans can be granted for above-standard 
energy performance improvements. Moreover, tax credits can be given for installing energy 
efficient products. Communicative policy instruments are also found to be effective. Amongst 
them are building energy performance audits, demonstration projects and voluntary energy 
conservation agreements. The fourth policy instrument is organisational: a government can 
provide professional management for multi-family housing, an independent verification of 
sustainable real estate investments and set up energy service contracts. 

 
Table 4: Policy instruments to promote endorsement of building energy efficiency 
(Klinckenberg and Sunikka, 2006) 

Instrument Policy measures 
Regulatory 
instruments 

• Regulatory benefits for above-standard energy performance 
• Mandatory environmental performance evaluation with minimum    
  requirements 
• Above-standard requirements for government buildings 
• Energy upgrading requirements when renovating a building 

Economic 
instruments 

• Preferential loans for significant (above-standard) energy performance  
   improvements 
• Tax credits for installing energy-saving products 

Communicative 
instruments 

• Building energy performance audits 
• Demonstration projects 
• Voluntary energy conservation agreements 

Organisational 
instruments 

• Independent energy audits with organisational support 
• Professional management for multi-family housing 
• Independent verification of sustainable real estate investments 
• Energy service contracts 

 

In a literature study on governmental programs that stimulate sustainability, Agentschap NL 
(2010) found several critical success and failure factors. Based on citations of several 
economists, they describe that the psychological factors are underestimated in stimulation 
programs. Additionally, they state that programs exclusively based on economic motives are 
more likely to fail. People only look at the common good of sustainability if this is appreciated 
by their environment. Target group segmentation is important in order to find the group that is 
most likely to be early adopters of the program. Choice possibilities, simplicity and reliability 
of involved parties are crucial as well. Looking at previous Dutch governmental sustainability 
programs, they indicate that offering security is found more important by Dutch individuals. 

 

3.3 Increasing energy-efficiency 
According to Opstelten et al. (2007), there are several ways to increase the energy-efficiency 
of buildings. Reduction of natural gas demand and electricity demand of existing buildings can 
be achieved by renovation, large maintenance or building system replacement. This indicates 
a difference between architectural and installation-based measures. Although there are 
differences between these two type of measures, the goal is identical: creating a more energy-
efficient dwelling. 

TU Delft integrated energy-efficiency for buildings in the concept of ‘trias energetica’ (Ministry 
of Economic Affairs, 2010), as shown in figure 10. The first step towards a more sustainable 
energy demand is reducing the energy demand with constructional or architectural measures. 
The second step consists of the use of sustainable energy resources. The third step is to use 
finite energy sources in the most efficient way. The role of building occupants should be kept 
in mind when applying energetic measures: the relation of energy reduction with comfort and 
health is influenced by user behaviour (De Groot et al., 2008). 
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Figure 10: Trias Energetica for energy reduce (Ministry of Economic Affairs, 2010). 
 

The first step embodies all measures that reduce the energy demand of a building. Sustainable 
measures that reduce the energy demand are mostly insulation measures. Among these are 
reduction of transmission via closed and transparent building parts, reduction of hot water and 
electricity, reduction of unplanned warmth or air flows and energy savings regarding ventilation 
(Bogerd, 2009). The Energy Module of the national WoON survey (ECN & RIGO, 2013) 
identified window insulation (double HR++ glass, triple glass or secondary windows), roof 
insulation, floor insulation and façade insulation as insulation measures for closed and 
transparent building parts. Other energy reducing measures that are used according to WoON 
2012: Crack sealing which reduces unplanned air flows, energy-efficient lighting which 
reduces electricity demand, water saving taps and showerheads which reduces hot water 
usage. Shutter frames and pipe insulation reduce unplanned warmth flows.  

Agentschap NL (2012b) identified low-temperate radiators, floor heating or wall heating as 
sustainable heat distribution measures. These measures reduce the energy use for room 
heating. Ventilation systems can save energy by monitoring the air quality in the building and 
by heat recovery. A heat recovery system can also be applied to showers to reduce the energy 
use for hot water. Overall energy use of a household can be reduced by the introduction of 
smart meters. These meters are a non-constructional way of energy reduction: when the 
meters are connected to manager applications, insight of households in their own energy use 
can lead to changed behaviour. 

After considering constructional measures, step two and three of the ‘trias energetica’ are of 
importance. Sustainable energy usage can be achieved by implementing sustainable 
measures that are based on renewable energy instead of energy from fossil fuels. Measures 
that optimize the fossil fuels usage in fact reduce the impact of fossil fuels, by using fossil fuels 
that are generated in a more sustainable and efficient way. Both type of measures mostly 
apply to installations for room heating, hot water and electricity use. These installations differ 
in the energy source (renewable or non-renewable).  

In a literature study by Agentschap NL (2012b) on the satisfaction of homeowners with energy-
reducing measures, various ways of heat generation are evaluated. Heat generation 
installations that are named are: a traditional heating boiler, a sun boiler and a heat pump. A 
traditional heating boiler uses a non-renewable source: natural gas is used for room heating 
and hot water. There are several different traditional heating boilers: HR, VR and CR boilers 
all have a different level of energy-efficiency. A sun boiler uses a renewable source: energy 
from the sun is converted into hot water. Heat pumps use electricity for the generation of heat. 
SenterNovum (2008b) distinguishes different type of heat pumps. They can differ in source 
(soil or air) and application (for room heating, hot water and/or cooling). Moreover, heat pumps 
can be full-electric or hybrid. Hybrid heat pumps use a traditional heating boiler with natural 
gas on cold days. Buildings can be connected to city heating. City heating uses residual heat 
from electricity generation or industry (ECN, 2016). The source of this residual heat can be 
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both renewable as well as non-renewable. Additionally, solar panels can be applied to 
generate electricity in a sustainable way.  

Next to generating its own electricity via solar panels, owner associations can also purchase 
sustainable electricity. This energy is centrally generated in a sustainable way and then 
distributed via the conventional channels. When selecting a supplier for the communal energy 
use, an owner association can choose for electricity that is generated with wind, water, solar 
or biogas and whether this electricity is generated in the Netherlands or not (Milieu Centraal, 
n.d.). 

 

3.4 Sustainable energy measures 
ABR Research (2019) has researched the popularity of sustainable measures using the 
energy module of WoON 2018. When looking at all dwelling owners, 63% has invested in at 
least one form of energy-saving measures within the last five years (ABF Research, 2019). 
The average investments costs are €6,250 for all energy measures together. An overview of 
the measures is given in figure 11. The most popular measures are the application of 
insulation (40%), installation of a new boiler (29%) and the application of double glazing 
(23%). 39% of the dwelling owners is planning to implement energy-saving measures within 
the coming two years. The average amount that they are expecting to spend is higher than 
the recent costs: around €7,500. The most popular measures for the future (as shown in 
figure 11) are: applying insulation (22%) and installing solar panels (18%).  

 

 
Figure 11: Energy-efficient measures – past 5 years and coming 2 years (ABF Research, 
2019)* 
*multiple measures are possible 
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3.5 Composing sustainable energy measure packages 
There are a lot of different sustainable energy measures on the market. There are structural 
measures and installation-based measures. They reduce the energy demand, use renewable 
energy, use fossil fuels in an efficient way or a combination of these possibilities. Earlier 
studies show that homeowners do apply all kind of sustainable energy measures. This 
diversity makes it hard to determine the optimal package with sustainable energy measures 
for an owner association that incorporates the preferences of its members. 

The optimal sustainable energy measure package for an owner association depends on 
various factors. Every owner association is unique in terms of building year and state of the 
building, as well as the preferences and budget of its members. Moreover, some measures 
are applied together since they can easily be combined. This means that in a real-life situation, 
an owner association is more likely to hire an independent advisor to come to an optimal 
package of sustainable energy measures. 

When composing a package with sustainable energy measures, different measures should be 
aggregated into a total package. As described in section 3.3, there are a lot of different 
measures, so there are a lot of possible packages to choose from. This research is based 
upon the preferences of members regarding sustainable energy measures. So despite the 
heterogeneity of packages, they should still be categorised in order to analyse them.  

Given these circumstances, the best way to evaluate sustainable energy measures is to 
categorise the packages in accordance with their degree of sustainability. After this, discrete 
choice modelling can be used to quantify the preferences of individuals. Section 3.1 describes 
the sustainability concept using society, nature, economy and built environment aspects. This 
means that the packages should be built up with attributes that differ in terms of the impact on 
people, planet and profit.  

 

3.6 Conclusion 
There are (inter)national agreements to reduce CO2 emissions, which also affects the Dutch 
built environment. Energy-efficiency in the built environment is captured in the ‘quadruple P’ 
concept: sustainable energy measures always have an influence on people, planet, profit and 
project. Although governmental bodies have several policy instruments to stimulate 
sustainability in the built environment, there are also other important factors. When 
implementing sustainable energy measures, one should keep in mind the ‘trias energetica’. 
Since there are a lot of sustainable energy measures, they can be combined in packages. As 
each owner association is unique, the ideal sustainable energy measure package differs per 
situation.  
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  4 Choice behaviour 

 

When owner associations attempt to implement sustainable energy measures, they undergo 
a decision-making process as described in section 2.1. Individuals have a preference for a 
certain sustainability measure. Subsequently, the group has to come to a joint decision.  
Behavioural theory can be used to describe the mechanisms behind such choices. In this 
chapter, the existing literature on choice behaviour is examined. First, the Theory of Planned 
Behaviour is explained. Secondly, other predicting variables are analysed. This is necessary 
in order to place the Theory of Planned Behaviour in the context of this research. Since 
decisions in owner associations are factually group decisions, the principles behind group 
decision-making are also researched, as well as the theory on adaptive behaviour. 

 

4.1 Theory of Planned Behaviour 
The Theory of Planned Behaviour (Ajzen, 1991) is a framework that can be used to predict 
actual behaviour of individuals, such as choice behaviour regarding sustainable energy 
measures. The framework (as shown in figure 12) describes attitude against certain behaviour, 
the applicable norms and perceived control of the individual over behaviour as predictors for 
the intention of an individual to perform certain behaviour. Together with the perceived control 
over behaviour, the intention of and individual determines actual behaviour.  

 

 
Figure 12: Theory of Planned Behaviour 
 

The Theory of Planned Behaviour assumes that individuals make rational choices based on 
all available information. However, this is not always the case. There are more explanatory 
factors for the choice behaviour of owner association members for sustainable energy 
measures. Preferences and restrictions should be taken into account as well. This is explained 
in section 4.2. 
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4.2 Factors influencing investments in sustainable energy measures 
The Theory of Planned Behaviour provided a framework for rational choice decisions. 
However, when looking at decisions regarding investing in sustainable energy measures, 
more factors should be taken into account. When home owners are deciding on investing in 
sustainable energy measures, they have certain preferences. Preferences can be divided into 
motives and barriers, resulting in reasons for home owners to invest in sustainable energy 
measures or not (see figure 13).  

Moreover, there are external factors that influence the investments of home owners in 
sustainable energy measures. Market conditions set a framework in which decisions can be 
considered: which sustainable measures are available, how do suppliers anticipate on 
consumer behaviour, how is the information provision, etc. The dynamics of a household is 
another external factor. Here, segmentation plays an important role. These four factors are 
further explained in section 4.2.1 until section 4.2.4. 

 

 
Figure 13: Factors influencing investments in sustainable energy measures 

 

4.2.1 Reasons to invest 
ABF Research (2019) has identified the most common reasons for dwelling owners to invest 
in energy-saving measures (see figure 14). The most mentioned reasons to have invested in 
the past five years are: it was already necessary due to maintenance, a lower energy bill, to 
improve the home comfort and because of the environment. For the coming five years, 
synchronising investments with the maintenance moment is getting less important, whereas 
the environment is named more. More interesting is to look at decisive reasons to implement 
energy-saving measures to a dwellings. For both the past- and coming 5 years, the most 
decisive reasons to invest in energy-saving measures are a lower energy bill and dwelling 
improvement. 

 



40                       
 

 
Figure 14: Reasons to invest in energy-efficient measures – past 5 years and coming 2 years 
(ABF Research, 2019)* 
*multiple reasons are possible 

 

Jongejan (2011) found that increase in comfort, the need for renovation and a lower energy 
bill are the main reasons to take energy saving measures. So next to energy-efficiency and 
economic factors, homeowners also consider home quality improvement when choosing 
between sustainable energy measures. This is in line with Risholt et al. (2013). In a study on 
non-energy benefits of energy-efficient dwelling improvements, Mills & Rosenfeld (1996) 
identified various home quality indicators. An improved indoor environment (including comfort, 
health and safety), reduced noise, increased convenience and economic benefits were the 
most preferred non-energy benefits.  

 

4.2.2 Market conditions 
In a research on energy efficiency of apartment blocks, LEAF (2016) identified several key 
barriers that are specific for multi-ownership buildings: financial barriers, information provision, 
demand side issues, supply side issues and regulatory barriers. Ameli and Brandt (2015) 
divided the barriers into market failures, such as energy prices and information problems, and 
behavioural issues such as bounded rationality and heuristic decision-making.  

Regarding behavioural issues, McKenzie-Mohr (1994) identified investment into more 
resource-efficient equipment as the easiest action to increase sustainability, as it includes the 
most rational consumer behaviour. In accordance with this, Poortinga et al. (2003) discovered 
that households preferred technical improvements of a dwellings over changed behaviour or 
shifts in consumption in order to save household energy usage. 
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4.2.3 Reasons not to invest 
There are also barriers that prevent dwelling owners from investing in energy-efficient 
measures (ABF Research, 2019). Figure 15 shows that the most mentioned reason not to 
have invested in the past five years is that the dwelling is already considered to be energy-
efficient, followed by time issues. The lack of time is mentioned less when dwelling owners 
are asked about the coming 2 years, but opposite to this is an increase in unawareness about 
the possibilities. Jongejan (2011) also found a lack of knowledge about costs and savings to 
be a barrier to implement sustainable energy measures. In line with this finding, the assumed 
lack of benefits is also identified as a major barrier by Van Krugten (2016). 

 

 
Figure 15: Reasons not to invest in energy-efficient measures – past 5 years and coming 5 
years (ABF Research, 2019)* 
*multiple reasons are possible 

 

4.2.4 Household conditions 
Despite these general findings about why dwelling owners do not want to invest, Rooijers et 
al. (2006) identified target group, consumer type and energy function as variables that act as 
resistance costs for households. Every household has a different composition, which leads to 
two main problems. It is hard to address households with the right information that is relevant 
for them, and households are not always unanimous in their preferences and thus their 
decision. Motivaction (2015) acknowledged that target groups for CO2-reducing measures are 
very divers, as well as dependent on the type of measure. They distinguished three 
overarching segments: forerunners that already use the CO2-reducing measures, potentials 
that are willing to implement them but also have objections, and the non-willing. They stress 
out that the composition of these segments differ per measure (in terms of demographics and 
views towards sustainability).  
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4.3 Group decision-making 
When choosing a sustainable energy measure, an individual homeowner will seek for the most 
optimal measure. Stirling (2005) describes this concept as individual rationality. However, 
choosing sustainable energy measures within an owner association does not only affect one 
dwelling of an individual but is in fact a group decision of multiple dwelling owners. Bui & Jarke 
(1984) distinguish three types of group decision making. The first type occurs when an 
individual has to make a decision within a dense network of influences, exercised by other 
group members. The second type is a non-cooperative decision making environment, which 
is characterised by conflict and competition of interest between group members. The third type 
is a cooperative decision-making environment. In this type of decision making, group members 
try to reach an optimal decision together.  

The context in which decisions are made within owner associations can be identified as a 
semi-cooperative environment, following Ma et al. (2011). Individual homeowners on the one 
hand try to reach an agreement, and on the other hand try to maximise its own benefit. 
According to Ma et al. (2011) such semi-cooperative environment requires a process for 
cooperation and conflict resolution, which makes it suitable for agent-based negotiation 
modelling.  

Inherent to joint group decisions is that not only an individual’s own preference is of 
importance, but also the preferences of others. So preferences for sustainable energy 
measures in the context of an owner association are likely to be interpersonally dependent. A 
choice for a certain sustainable energy measure package has an outcome in the form of costs, 
energy savings etcetera. This means that if a group was to seek for the optimal solution, it 
may not be the optimal solution for an individual. In a group decision without a central decision 
maker, negotiation plays a role (Kersten, 1997). Negotiation is defined by Jennings et al. 
(2001) as the process of coming to a mutual agreement, and is characterised by conflicting 
interests and interdependence of individuals. Gillespie et al. (2000) described that individuals 
compare their outcome to the outcome of others. Loewenstein et al. (1989) argued that 
preferences for the outcome of a dispute are influenced by the type of relationship an individual 
has with the compared one (positive or negative). According to Van Beest & Van Dijk (2007), 
fairness also plays a role in decision-making: how are outcomes divided among residents?  

In a group decision environment, it is important to understand how individual preferences 
influence the group decision outcome (Janssen, 2011). Relative influence of group members 
is determined by power: the higher the level of control, the bigger the influence of a group 
member. Important determinants of power are long-term relations, authority, personal 
characteristics, resources and duration of negotiations. For example, if the relation between 
group members is long-term, decision makers are more likely to settle for a less than ideal 
outcome, keeping the long-term relationship in mind. Individual preferences can also be 
influenced by group members via interactions (directly or indirectly). 

 

4.4 Adaptive behaviour in group decisions 
The phenomenon of an individual changing its preferences within a negotiation context is 
defined by Janssen (2011) as adaptive behaviour. Nida-Rümelin, Schmidt & Munk (1996) 
differentiate between unconditional and conditional preferences. Adaptive behaviour can only 
occur for conditional preferences, since unconditional preferences are independent of an 
individual’s belief about the truth.  

There are several underlying mechanisms that can lead to adaptive behaviour. Changed 
preferences can be the result of direct actions, as well as indirect interactions. Nida-Rümelin, 
Schmidt & Munk (1996) describe changed preferences due to actions or interactions by others 
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as interpersonally dependent preferences. According to Loewenstein et al. (1989)  
preferences for the outcome of a dispute are influenced by the type of relationship an individual 
has with the compared one (positive or negative). Janssen (2011) argues that next to the 
division between direct and indirect actions, there is also a difference between permanent and 
temporary adjustments of preferences. This is supported by Hensher, Puckett & Rose (2007), 
who claim that individuals are willing to concede on the short term to maintain a relationship 
on the long term. They found the likeliness of adaptive behaviour to be related to the relative 
power of the actor. 

 

4.5 Conclusion 
The theory of planned behaviour can be used to describe the mechanisms behind rational 
choice behaviour of individuals. Attitude, norms and perceived control have an effect on an 
individual’s intention, which determines (together with perceived control) the actual choice. 
However, market conditions and household conditions also have an influence on the 
consideration between reasons to invest and reasons not to invest.  

When deciding upon the implementation of sustainable energy measures, dwelling owners 
will always seek for the most optimal (combination of) measures. However, owner associations 
make group decisions. Within a semi-cooperative environment, members search for a 
consensus as well as the most optimal outcome for themselves. The influence of individuals 
on the outcome of a group decision is determined by their relative power, relationships and 
interactions. Subsequently, owner association members can alter as a result of group 
interactions, which is called adaptive behaviour. 
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  5 Method 

 

The goal of this research is to analyse the preferences of dwelling owners affiliated to an 
owner association regarding sustainable measures. In order to estimate preferences, choice 
behaviour will be analysed. Chapter 4 has already provided the state-of-the-art knowledge 
that is currently available about (group) choice behaviour. This section describes the research 
method used to analyse group choice behaviour in an experiment and thus reach the research 
goal. Firstly, a conceptual model is drawn up, which helps to choose the right research method 
and to design the choice experiment in the right way. Furthermore the characteristics of the 
chosen method, a discrete choice model, are explained. The choice experiment is 
incorporated into an online survey, of which the built-up is also explained. Following section 
4.3, the group context should be integrated into the choice experiment as well. Therefore, the 
choice experiment consists of two parts. This is explained in section 5.4. After this, the models 
that will be used are specified. 

 

5.1 Conceptual model 
In order to research the preferences of members of owner associations regarding sustainable 
energy measures, a conceptual model is drawn up (see figure 16). The conceptual model 
helps to design the choice experiment in such a way that it can give answer to the research 
question. The foundation of the conceptual model is the Theory of Planned Behaviour (see 
section 4.1). The combination of motivation (intention; which consists of attitude, norms and 
perceived control) and ability (perceived control) are named as predictors for actual behaviour. 
The perceived control is left out of this research. It is too complex to measure the relative 
ability of a member of an owner association to control the outcome of its decision-making 
process in their meetings: each meeting is different in terms of member composition, 
attendance and group dynamics.  

Thus preferences are assumed to be formed by social characteristics: attitudes and norms. 
The attitude of individuals regarding the urgency of sustainable owner association is included 
in the survey. Norms regarding sustainable energy measures are formed in relation to the 
current sustainability level of the building that individuals live in. This is also included in the 
survey.  

However, as described in section 4.1 and section 4.2, the Theory of Planned Behaviour does 
not completely explain the decision framework for choices regarding sustainable energy 
measures. Choices are often made irrationally due to unavailability of information and target 
groups are very diverse. Moreover, the decision-making process of owner associations lead 
to choices that cannot directly be described by individual characteristics, but rather by group 
influences. 

So to translate the Theory of Planned Behaviour into the context of this research, the model 
should be extended. This research focusses on the preferences of members of owner 
associations regarding sustainable energy measures. These preferences will be estimated in 
a choice experiment, which assumes that preferences of individuals result in choice behaviour 
of an individual. Section 4.2 describes the problems that arise with the heterogeneity of 
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preferences within households. Therefore, this research addresses a household as a 
unanimously functioning unit: the individual preferences represent the household preferences. 
In reality, a bargaining process would occur within the household (Dosman & Adamowicz, 
2006).  

Characteristics that are relevant in the context of choice behaviour within owner associations 
can be divided into individual characteristics and physical characteristics of the building in 
which they live. These characteristics are named in section 2.2 as predictors for the functioning 
of owner associations, following Vegter (2012).  

Section 2.3 also describes that formally functioning owner associations are more likely to keep 
up the maintenance level. This could also be the applicable for the level of sustainability. So 
as shown in figure 16, the formal function of the owner association is assumed to be a predictor 
of choice behaviour as well. Formally functioning owner associations are active and not 
sleeping. They are considered active if they comply to all of these (legally obliged) indicators: 
a yearly meeting, periodic contribution, multi-year maintenance plan, reserve fund, collective 
insurance or having an executive board. 

The research goal is to analyse the preferences of dwelling owners affiliated to an owner 
association regarding sustainable energy measures. In a choice experiment, respondents are 
asked to choose between different sustainable energy options. In this way, the experiment 
reveals choice behaviour, which can be re-translated into data on preferences. The survey 
furthermore includes questions about characteristics about the attitude, norms and socio-
demographics of the respondents, the physical characteristics of the building and the 
activeness of the owner association. These characteristics can be used as explanatory 
variables and thus can give insight in the background of preferences of dwelling owners 
affiliated to an owner association regarding sustainable energy measures. This is how the 
conceptual model is translated into an online survey in order to reach the research goal.  

 

 
Figure 16: Conceptual model 

 

 



46                       
 

5.2 Online survey 
As described in section 5.1, the existing literature is used to draw up a conceptual model in 
order to give answer to the research question. This model is the foundation for an online 
survey. A choice experiment is set up and is included in the survey. Theoretically, all dwellings 
owners that are member of an owner association fit in the target group of this research. As 
described in section 1.2, this groups consists of 1,173,890 dwellings. It is not known how much 
owners there are. 

This survey is initially distributed amongst members of owner associations that are managed 
by VvE Metea. This is a professional administrator that helps owner associations with their 
maintenance and the administrative, structural and financial management. VvE Metea has 
over 600 owner associations under its management (VvE Metea, n.d.). The survey is included 
as an article in the monthly online newsletter of VvE Metea, which is sent by e-mail. In order 
to increase the response, an e-mail is sent to approximately 500 boards of owner associations, 
with the question to forward the survey to their members. Taking into consideration that the 
survey can be distributed via e-mail easily, an online survey is built. An additional benefit of 
an online survey is that the choice experiment can be duplicated in a very efficient way. The 
downside of an online survey is that there is no certainty about the characteristics of 
respondents: one cannot be sure that the respondent belongs to the target group.  

The structure of the survey is as followed: the first part consists of general questions about 
the living situation of the respondent, the state of the owner association and the energetic 
performance of the building. The second part is the actual choice experiment, which consists 
of two parts: the first part asks for the respondent’s own proposal, and the second part asks 
for the respondent’s reaction to a proposal. The mechanisms behind the choice experiment 
are explained in section 5.3 until 5.5. 

Several characteristics are identified in section 5.1 as explanatory variables for choice 
behaviour of members. Combining the explanatory variables and the choices of respondents 
give insight in the preferences of members of owner associations. These characteristics are 
either retrieved from open source data, or included in the survey as general questions. 
Appendix B includes a list of all possible explanatory variables and their measurement levels. 
Appendix C gives an overview of the general questions included in the survey. There are three 
variable categories: 

 
Individual characteristics 
The survey includes questions about socio-demographics of respondents, which gives an 
indication of the social composition of owner associations. Respondents are also asked about 
their satisfaction with the state of maintenance and energy performance of their building. 
Moreover, respondents receive the question about their attitude toward the urgency of owner 
associations to invest in sustainability. 

 
Living situation characteristics 
The survey includes questions about the physical characteristics of the building in which 
respondents live. Next to physical characteristics, the formal functioning of owner associations 
is a possible explanatory variable. The presence of the six requirements of formal functioning 
are asked to check the activeness of owner associations.  
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Energy performance characteristics 
The energy performance is also part of the physical characteristics of a building. However, 
specifically is asked about the heating provision of the building, the energy label and the state 
of renewable energy sources. Moreover, respondents are asked if they (or their owner 
associations implemented any measures in the past 2 years, or are planning so in the coming 
2 years. Interesting is which measures are most popular, how they are financed and if any 
subsidies are received. 

 

5.3 Discrete choice model 
The choice experiment assumes that choice behaviour represents the preferences of 
individuals. Choice experiments are a way of modelling discrete choice theory, as described 
by McFadden (1977). This theory is based on the assumption that individuals derive utility 
from the characteristics of a certain product or good, and they choose in such a way that they 
maximise this utility.  

There are two main ways of collecting data regarding discrete choice behaviour: revealed 
choice modelling and stated choice modelling. An overview of the advantages and drawbacks 
of both methods is given by Verhoef and Franses (2002). The stated choice method is chosen 
because it is a multivariate technique for measuring an individual’s preference and choice 
behaviour for new, not yet existing alternatives (Ben-Akiva et al., 1994). This makes the stated 
choice method favourable over the revealed choice method. Moreover, it allows for multiple 
observations per respondent. The main drawback of stated choice experiments is that the 
indicated choice in the experiment is not necessarily the choice that individuals make in real 
life.   

Individuals are asked in a stated choice experiment to choose between new, not yet existing 
alternatives. The choice depends on the utility for the individual, which is derived from 
attributes that represent the properties of these alternatives. Since not all properties of the 
alternatives can be shown to the respondents, the most relevant attributes should be selected. 
Most relevant are attributes that are essential for the overall research problem, relevant for 
managerial implementation and easy to understand for the respondent. 

 

5.3.1 Attributes 
The interest of this research is the preferences of members of owner associations regarding 
sustainable measures. Section 3.5 provides a suitable framework for attributes that describe 
the properties of sustainable measures: a package can differ in terms of the impact on people, 
planet and profit. Relevant attributes that describe this impact are: nuisance and comfort 
increase (people), CO2 reduction and the dependence on gas (planet), energy bill costs and 
investment costs (profit).  

All these attributes are also named in section 4.2, in which various studies that researched 
explanatory factors for the choice behaviour regarding sustainable energy measures are 
assessed. In this way, the consequences of choosing a certain sustainable energy measure 
package are captured in attributes. These attributes appear in different levels. The attribute 
levels ensure that an individual has to make a trade-off between alternatives and the levels 
should cover the range within a trade-off could possibly occur. The attribute level combinations 
should lead to realistic alternatives. An overview of the attributes and their levels can be found 
in table 5. 
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Table 5: Overview of the attributes and their levels, as used in the choice experiment 
 Level 1 Level 2 Level 3 
Monthly energy cost reduction €12.50 €37.50 €62.50 
Nuisance Low Middle High 
CO2 reduction 10% 30% 60% 
Investment costs per dwelling €3,000 €10,000 €17,000 
Gas free No Yes  
Comfort increase +0% +5% +10% 

 
 
Monthly energy cost reduction 
A result of the implementation of sustainable energy measures is a reduction of the energy 
costs. A regular Dutch household uses energy in the form of gas and electricity for everyday 
activities inside their home. Some sustainable energy measures decrease energy costs 
through a reduction of the gas usage, and some decrease the energy costs through a 
reduction of the electricity usage. There are even energy measures that reduce the gas usage, 
but increase the electricity usage. Moreover, owner association vary in division between 
individual energy use and communal energy use (see section 2.5). Therefore, it is better to 
aggregate the energy cost reduction into one total price rather than splitting them. 

An average household living in an apartment pays €38 per month for gas, and €87 per month 
for electricity (Nibud, 2019), which adds up to €1,500 per year for electricity and gas. In this 
research, applying a sustainable energy measure package is assumed to always lead to a 
reduction of the total energy bill. A reduction of 10% is assumed to be the minimum cost 
reduction due to which households might take sustainable energy measures into 
consideration. This corresponds to level 1: €12.50 per month. It is hard to quantify a minimum 
energy cost reduction: cost reduction is easier to achieve for badly performing buildings than 
for energy-efficient buildings. 10% seems a plausible minimum, because lower energy cost 
reductions would not serve as an incentive for households to apply sustainable energy 
measures.  

The range between which the energy cost reduction can differ is considered to be not higher 
than 50%, leading to a maximum reduction of 60% (which is level 3: €62.50). Level 2 is 
assumed to be the average between 10% and 60%, corresponding with an energy reduction 
of €37.50 per month. The hypothesis is that members of owner associations prefer higher 
energy cost reduction over low cost reduction. 

 

Nuisance 
The implementation of sustainable energy measures can be typified as a form of construction 
work. Almost all measures that are named in section 3.3 have to be applied by construction 
workers. Construction work always creates a level of nuisance for residents, because it has 
an impact on their everyday life. Legislation on nuisance differs per municipality. Van Diggelen 
(2009) found that the choice for applying sustainable measures is, amongst other factors, 
influenced by the type of nuisance and duration of construction work.  

Two types of construction nuisance are noise nuisance and waste nuisance. The longer 
construction workers are working on sustainable energy measures, the higher the nuisance 
level for the residents. The type of work activities also influences the amount of nuisance. 
Small interventions in collective spaces such as the hallway create low nuisance, but the 
implementation of measures into apartments creates a higher amount of nuisance.  
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So nuisance during the implementation of the sustainable energy measure package depends 
on the type of work activities, and the duration. However, combining these two factors makes 
it hard to quantify this attribute. Therefore, it is chosen to capture the difference in nuisance 
levels in ‘low’, ‘medium’ and ‘high’. Individuals are expected to prefer low nuisance over high 
nuisance. 

 

CO2 reduction 
One of the primary sustainability goals of the government is to reduce the CO2 emission. 
Applying sustainable energy measures to dwellings reduces CO2 emissions for households. 
An average household uses 2,210 kg CO2 per year (Greentripper, n.d.). Verbeterjehuis.nl has 
designed a tool to calculate the CO2 reduction of sustainable measures. Applying only cavity 
wall insulation to a dwelling leads to a CO2 reduction of 10% of the average yearly emission 
of a household (Verbeterjehuis, n.d.), so this is assumed to be the minimal amount of CO2 
that can be reduced with one singular measure. If all available measures are applied, the 
yearly CO2 emission of a household can be reduced with up to 60% (Verbeterjehuis, n.d.). 
Not all sustainable energy packages are the same, and most packages will result in a CO2 
reduction somewhere between 10% and 60%. Therefore, one level is added on the median of 
the difference between 0% and 60%: at 30% CO2 reduction of the yearly household emission. 
This make the levels of the CO2 reduction attribute 10%, 30% and 60%. It is hypothesised 
that individuals prefer high CO2 reduction over low CO2 reduction. 

 

Investment costs per dwelling 
An extended renovation of an apartment with sustainable energy measures adds up to 
€17,000 euro, if combining tools from governmental initiatives like Milieucentraal (n.d.) and 
Energiebesparendoejenu.nl (n.d.). Pilot studies by Energiesprong (2012) showed that energy 
label improvement for owner associations from label E to label B is also possible for €3,000 
per dwelling. In order to give respondents the option to choose a moderate renovation option 
as well, an average level right between €3,000 and €17,000 is added. So the levels used for 
investment costs are €3,000, €10,000 and €17,000 per dwelling. Individuals are expected to 
prefer low investment costs. 

 
Gas free 
Creating gas free dwellings is stimulated by governmental regulations a lot lately. However, 
having a gas free dwelling has an impact on the everyday activities of the household living in 
that dwelling. There are two options for the extent to which a dwelling is made gas free or not. 
The first option is that the dwelling becomes gas free: cooking, heating and usage of warm 
water is done via electricity. The other option is that at least one of these activities remains 
gas-fired, and the dwelling is not entirely made gas free. Therefore, the levels for the gas free 
attribute are ‘no’ and ‘yes’. It is hypothesised that individuals prefer a sustainable energy 
measure package that will not result in a gas free dwelling, because they will not be likely to 
see the advantages.  

 

Comfort increase 
Van Diggelen (2009) established that comfort increase is an important factor for households 
when choosing sustainable measures. An influential element in the relative importance of 
comfort increase for households appears to be the current level of comfort. If households 
currently encounter problems with its living comfort, they are likely to see the importance of 
increasing their comfort via sustainable energy measures. It should be kept in mind that 
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comfort increase is not the primary objective of applying sustainable energy measures. There 
are measures that are fully aimed at increasing living comfort, but they do not fall within the 
scope of this research.  

The increase of comfort is hard to quantify, since it is a generic term of multiple variables. 
Living comfort concerns matters like temperature, humidity, air quality and noise nuisance. 
There are also sustainable energy measures that do not increase the level of living comfort, 
such as the implementation of solar panels. The consequence of this is that level 1 equals a 
comfort increase of 0%. The highest comfort increase level is assumed to be 10%, since a 
higher comfort does not seem to be achievable for measures of which the primary objective is 
not to increase the living comfort. A median comfort level is added as well, because usually a 
moderate sustainable energy package will result in an average increase of the living comfort.  
This makes the levels of comfort increase 0%, 5% and 10%. A higher comfort increase is 
expected to be preferred by individuals. 

 

5.3.2 Experimental design 
The experimental design defines how many combinations the attribute levels can form. In a 
factorial design, the attribute levels are combined in all possible combinations. With six 
attributes having two or three levels, (3*3*3*3*2*3 =) 486 combinations are possible. A lot of 
respondents are necessary and they would be asked to make a lot of choices in order to gain 
sufficient data on all these combinations. In order to reduce the number of choice sets, a 
fractional factorial design can be used. This design creates an orthogonal subset of attribute-
level combinations, whilst maintaining the ability to say meaningful things about the data.  

A fractional factorial can be created using statistical software. SPSS is such software program 
that has an integrated function that creates an efficient design. With the attributes and their 
levels as described in section 5.3.1, 18 profiles are created (see appendix D). These 18 
profiles are randomly distributed among choice sets. Each choice sets consists of 3 
alternatives, and the choice ‘none of these’. This leads to 6 choice sets with 4 alternatives for 
each respondent. 

 

5.4 Group choice experiment 
As described in section 4.3, the group decision component that is typical for owner 
associations should be integrated into the choice experiment. However, the decision-making 
process of an owner association as described in section 2.1 cannot be captured in a regular 
basic stated choice experiment. The decision-making process of an owner association is 
dynamic, with consultation and discussion between decision makers. In order to integrate the 
group decision component into the choice experiment it requires some extensions.  

The choice experiment does not reflect the actual decision process, it is a simplification of 
reality. The purpose of this research is not to look at the best possible sustainable measures 
for owner associations. Firstly, each owner association is unique in terms of physical, social 
and financial composition. Secondly, the negotiation process of owner associations is too 
complex to reproduce in a choice experiment. As explained in in section 5.1, intra-household 
factors are also not included in the choice experiment. This is because a household only has 
one vote in the owner association. In reality, a household that consists of more than one 
person will negotiate until the household has reached a consensus: the household point of 
view. In order to avoid such complexity, the preferences of the respondents in this research 
represent the preferences of its household. 
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Neither is the purpose of this research to look at the influence of decision-makers on the 
outcome. As explained in section 4.3, the influence of group members on the outcome is 
determined by their relative power and different kind of interactions. Individuals can adjust 
their preferences accordingly. As described in section 4.4, preferences can be adjusted 
permanent and temporary. Whether preferences regarding sustainable energy measures are 
adjusted permanently or temporary (e.g. in order to reach a consensus) is also not relevant 
for this research: the outcome is the same, since it is a one-time decision. Section 4.4 also 
describes that preference outcomes can be influences by the type of relationship between 
negotiators. This relation is neutral in the choice experiment: the proposal is made by a 
fictional fellow member. 

The matter of interest of this research is how individuals adjust their preferences in a group-
decision context. By analysing this, insight can be provided about the influence of group 
decisions on preferences of members of owner associations. In order to gain such insight, one 
can compare the preferences of members of owners associations when they propose a 
sustainable energy measure package (which reflects their individual preferences) to the 
situation in which they react upon a proposal of a fellow member. In a real-life meeting, group 
members would negotiate on such proposals. This can lead to two outcomes. Either a 
consensus is reached after the bargaining process, leading to the sustainable package with 
the best gain relative gain for the whole group. The second outcome can be a deadlock: no 
package leads to a satisfying result for the whole group (Ma et al., 2011).  

As described in section 5.2, the choice experiment will consist of two parts. In the first part, 
respondents are given three choice situations in which they have to choose which alternative 
they would propose to implement for their owner association. In the second part, respondents 
are given three choice situations as well. But now they have to react to a proposal of a fictional 
fellow resident.  

Another matter of interest is whether an individual tend to adopt the majority vote. In other 
words: if the preferences of the whole group are known, will individuals adapt their own 
preferences? Again, preferences of the group are a simplification of reality. The choice sets 
are extended with a preference table in order to capture the group decision context of an 
owner association. In this way, one can measure whether individuals take the preferences of 
others into consideration when proposing a sustainable energy package or reacting to a 
proposal of a fellow resident.  

Firstly, this tackles the dynamic component of the group-decision. It is a snapshot of the 
process: on a certain moment, these are the preferences of the group. Secondly, this is more 
practical. In the survey software, it is not feasible to generate completely random preference 
tables, so five different preferences table profile are designed. These preference tables 
resemble the share of group members that is in favour of respectively alternative 1, 2 and 3. 
The preferences percentages for alternative 1, 2 and 3 always add up to 100%. As described 
in section 2.1, a qualified majority is required for decisions about sustainable energy 
measures. Some preference tables represent a clear majority for one alternative, some are 
more divided. Preference tables are randomly attached to a choice set.  In this way, different 
effects of group decisions can be measured, both for proposals and reactions. The preference 
tables are included in appendix E.  

The multi-attribute feature of alternatives of stated choice modelling has two main advantages. 
Firstly, the attributes of the alternatives differ on attribute levels, so that the choice alternatives 
are competitive. This means that the consequences of choosing a certain package is captured 
in the levels of these attributes. Members have to choose between packages that differ on 
these attribute levels, so measuring the utility provides insight in the relative importance of 
these aspects and reveals preferences of members. Analysing this will help answering the 
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research question. Secondly, having multiple attributes per alternative captures the group 
dimension of choosing sustainable energy measures within an owner association. Choosing 
as a group between alternatives that have multiple attributes allows for bargaining. In this way, 
the effect of a group-decision on members can be measured as well.  

So the choice experiment is as followed: each respondent gets 6 choice tasks, following the 
experimental design of section 5.3.2. Each choice task includes a preference table, indicating 
which percentage of the group is in favour of respectively alternative 1, 2 and 3. The first three 
choice tasks are proposals by the respondent itself, the other three choice tasks are reactions. 
The difference between these choice tasks is further elaborated in section 5.4.1 and 5.4.2.  

 

5.4.1 Choice experiment part I - proposal 
In the first three choice situations, the respondent is asked to do a proposal. Each choice 
situation is represented by a choice set, which consists of three alternatives and the choice 
‘none of these’. These alternatives are formed by the profiles of the experimental design. 
Basically, the question for each choice set is: “Which of these three sustainable energy 
measure package would you propose for your owner association, or would you rather choose 
none?”.  

 

 
Figure 17: example of a proposal choice situation 
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Each choice situation also contains a preference table that indicates the percentage of 
members that is in favour of a certain sustainable energy package. One preference table of 
appendix E is randomly assigned to a choice situation. A typical proposal choice situation is 
shown in figure 17. The consequences of choosing a certain sustainable energy measure 
package are captured in attribute and levels. As described in section 6.3, discrete choice 
modelling can be used to measure utility and preferences. Each preference table represents 
a different choice environment, since an individual is assumed to take these preferences into 
consideration when choosing to propose a certain sustainable energy package.  

After choosing an alternative, the respondent has to choose which financing option is most 
suitable for the chosen sustainable energy package. As described in section 2.2, there are 
three financing options suitable for owner associations: using the reserve fund, collecting a 
one-time increase of the periodic contribution or take out a collective loan. Section 2.2.1 also 
introduces the concept of Energy performance contracts. However, this financing option is not 
included in the research because it is relatively new. Respondents may encounter problems 
understanding this option, or be hesitant to choose such new option.  

Respondents are asked to choose between the three financing options only if they choose 
one of the three alternative packages. When they choose alternative four “none of these”, the 
financial follow-up question is not asked. Eventually, combining choice behaviour regarding 
sustainable energy measure packages and financing options can provide extra insight in 
preferences of members of owner associations.  

 

5.4.2 Choice experiment part II - reaction 
In the last three choice situations, members are asked to react to a proposal of a fictional 
fellow resident. Here, each choice situation is also represented by a choice set, which consists 
of three alternatives and the choice ‘none of these’. These alternatives are also formed by the 
profiles of the experimental design. But now the main question for each choice set is: “One 
fellow member proposes to choose sustainable energy measure package 1. Would you accept 
this proposal, would you rather propose sustainable package 2, would you rather propose 
sustainable package 3 or would you propose to choose none?”. Each choice situation also 
contains a preference table that indicates the percentage of members that is in favour of a 
certain sustainable energy package. One preference table of appendix E is randomly assigned 
to a choice situation. A typical reaction choice situation is shown in figure 18. 

Again, discrete choice modelling can be used to measure the utility and preferences of owner 
association members regarding sustainable energy measure packages, consisting of 
attributes and levels. Preferences can be estimated for this part of the choice experiment. 
Each preference table represents a different choice setting. Also in this part of the choice 
experiment, the number of times that the respondent agrees with the majority is counted. 
Comparing the preference parameters to the preference parameters of the first part of the 
choice experiment provides extra insight in how preferences may differ due to group 
influences. This extra insight can be used to further answer the research question and can 
serve as additional input for institutional implementation. 

Respondents are not asked to choose a financing option in this part of the choice experiment. 
This is done for the sake of clarity for the respondents: they now have to choose between 
agreeing with a fellow resident, or making a counterproposal (given the preferences of all 
fellow members). If they also have to determine what financing option they think is most fit, it 
may become too complicated. 
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Figure 18: example of a reaction choice situation 
 

 

5.5 Model specification 
By designing the choice experiment as described in section 5.3, one can apply discrete choice 
modelling. Several models are specified to estimate choice behaviour. With discrete choice 
modelling, Multinomial Logit models can be specified. Additionally, advanced choice models 
are specified (one Mixed Logit model and one Latent Class model). The estimation results of 
the specified models will follow in chapter 7.  

 

5.5.1 Multinomial Logit model 
In the stated choice experiment, individuals are asked to choose between alternatives. 
Individuals derive utility from the attributes representing the properties of an alternative 
(Lancaster, 1966). Each individual perceives the value of these attributes differently, there is 
taste difference between and within individuals. Moreover, unobserved factors can occur, 



55                       
 

which means that not all decisive factors are taken into account. Random utility theory 
captures these possible drawbacks by including an error component ɛi.  

Random utility theory assumes that the utility Ui for alternative i consists of a structural 
component Vi and a random error component ɛi, making the random utility function (1) as 
follows: 

 
Ui  = Vi  +  εi                    (equation 1) 

 

This means that each alternative has a certain utility. The structural utility Vi of an        
alternative i consists of the sum of all scores Xin of alternative i on a certain attribute n, times 
the parameters representing the weight βn of the corresponding attribute n: 

 
Vi = β0 Ci + Σnβn Xin                              (equation 2) 

        = β0 Ci + β1 Xi1 + β2 Xi2 + β3 Xi3… 

 
The basic Multinomial Logit (MNL) model 1 follows from equation (2). With model 1, the 
average weights of attributes can be estimated for the sample. β0  represents the parameter 
weight of the constant C. The constant indicates if an alternative is a sustainable energy 
measure package (being alternative 1, 2 or 3) or no package (being alternative 4: ‘none of 
these’). This means that for V0 the structural utility is 0, since C is 0. 

Given the structural utility Viq of an alternative i, the probability piq that an individual q will 
choose this alternative can be calculated using equation (3), provided that the unobserved 
utility part has a standard Gumbel distribution. Having a standard Gumbel distribution implies 
that the error term ε is identically and independently distributed. Equation (3) describes the 
choice probability of the basic MNL model (Kemperman, 2000): 

 

Piq = 
( )

 ( )
  ,   i,i’ ɛ Aq                 (equation 3) 

 
The interest of this research is the actual degree of influence of the group on an individual’s 
preferences. Therefore, the circumstances of the group decision should reflect a situation as 
homogenous as possible: the relative power of all individuals is assumed equal and the 
relations between individuals are assumed to be neutral so that personal relation effects can 
be averted. As a result, the part of group decisions that is responsible for adaptive behaviour 
can be sorted out. 

The benefits of discrete choice modelling for semi-cooperative joint group decisions are based 
on the complexity of such decisions. Where classic game-theory is focused on one or two 
actors choosing between one or two attributes, joint group decisions such as the ones 
occurring in owner associations consist of multiple stakeholders and attributes. The results of 
the discrete choice experiment can be captured in a utility function that is based on social 
comparison theory.  

The foundation of social comparison theory is formed by Festinger (1954), who stated that 
individuals tend to compare their opinions and abilities to respectively the opinions and abilities 
of others. Social comparison theory can be integrated into an agent-based model that catches 
the characteristics of interpersonal comparisons in decision-making. According to 
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Loewenstein et al. (1989) social utility functions express interpersonal preferences as a 
function of outcome to self and other, allowing for individual differences in trading off between 
self-interest, group-interest and fairness of outcomes.  Arentze (2015) describes that the social 
utility function can be asymmetric for costs or reward choice options. However, as the 
sustainable energy measure packages consist of both costs (for example investment costs) 
and rewards (for example comfort increase), this is assumed to be not the case in this 
research. 

As explained in section 4.3, the complex decision process results in individuals that show 
various choice patterns. An individual can make different choices, dependent on whether they 
have to propose an alternative or have to respond to an alternative. Therefore, another 
specification of the utility function (equation 2) of the MNL basic model is necessary. In order 
to find out if individuals assign different weights to attributes in a different choice situation, 
each attribute gets an extra component. Therefore the utility function (equation 2) of model 1 
is extended with a social component R, which acts as a binary variable indicating whether 
alternative i belongs to a reaction choice situation. This means that R is 1 when the alternative 
is in choice set is 4, 5 or 6 and the alternative is 1, 2 or 3 (since alternative 4 is ‘none of these’). 
So in the group influence model 2, δ0 captures the tendency of individuals to choose an 
alternative rather than no alternative when it concerns a proposal of a fellow owner association 
member. 

Another matter of interest is if individuals are willing to accept the proposal of a fellow owner 
association member. As described in section 5.4.2, respondents are asked in the reaction 
choice situation (choice set 4, 5 and 6) whether they want to accept the proposal of a fictional 
fellow member to choose sustainable energy measure package 1. Firstly, a binary variable F 
is created, being 1 if alternative i is 1 and F is 0 otherwise. In this way, the general tendency 
of individuals to choose alternative 1 is captured.  

Next, a binary variable V is included, indicating whether an alternative is proposed or not. This 
variable V is the product of R * F. This means that V is 1 when alternative i is in choice set 4, 
5 or 6 and alternative i is 1. Contrarily, V is 0 when: 

- alternative is in choice set 1, 2 or 3 
- alternative i is in choice set 4, 5 or 6 and alternative i is not 1 

In this way, γ0 represents the tendency of individuals to accept alternative 1 and σ0 represents 
the tendency of individuals to accept a proposal. The estimation of γ0 is necessary to capture 
the pure effect of σ0, indicating if individuals are willing to accept a proposal of a fellow owner 
association member.  

Each choice task is extended with a preference table. In order to capture the influence of 
preferences of others, a variable P is included in the group influence model 2. The value of P 
is dependent on the given preference table (an overview of the preference tables is included 
in appendix E). For example, if preference table 1 is assigned to a choice task, P is 0.7 for 
alternative 1, P is 0.2 for alternative 2, P is 0.1 for alternative 3 and P is 0 for alternative 4. 
With the inclusion of P, the effect of preferences of others can be estimated with parameter 
θ0. 

What can be derived from choice behaviour in relation to the preference table, is whether 
individuals tend to choose the most favourable alternative. Group influence model 2 thus 
analyses if the existence of a majority has an influence on the preferences of individuals. In 
model 2, the binary variable M indicates if an alternative is the most favourable  (M is 1) or not 
(M is 0).  
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The effect of reaction choice situations R, the influence of proposals F and V, the influence of 
preferences of others P and the effect of potential majority votes M together is captured in 
equation 4.  

 
Vi = β0 Ci + δ0 Ri + γ0 Fi + σ0 Vi + θ0 Pi + ω0 Mi   +   Σnβn Xin                           (equation 4) 

    = β0 Ci + δ0 Ri + γ0 Fi + σ0 Vi + θ0 Pi + ω0 Mi   +   β1 Xi1 + β2 Xi2 + β3 Xi3…     

 
If the reaction variable R included in group influence model 2 shows a significant parameter, 
it has an effect on the preferences of individuals. It can be insightful to analyse on which 
attributes this variable has an effect. Therefore the model 2 is extended with interaction 
variables for each attribute. In reaction interaction model 3, the interaction variable Rin is 1 if 
its attribute Xin belongs to alternative 1, 2 or 3 in a reaction choice situation (choice set 4, 5 
and 6) and Rin is 0 if the attribute Xin belongs to a proposal choice situation (choice set 1, 2 and 
3). By using equation 5, the weights that individuals give to attributes in the proposal choice 
situation can be compared to the weights of attributes in the reaction situation. 

 
Vi = β0 Ci + δ0 Ri + γ0 Fi + σ0 Vi + θ0 Pi + ω0 Mi  + Σnβn Xin + ΣnRn δ1 Xin                        (equation 5) 

    = β0 Ci + δ0 Ri + γ0 Fi + σ0 Vi + θ0 Pi + ω0 Mi   +   β1 Xi1 + β2 Xi2…   +   Ri1 δ1 Xi1 + Ri2 δ2 Xi2…        

 

5.5.2 Advanced models 
Multinomial Logit modelling based on random utility can be used to measure preferences of 
the stated choice experiment. However, there is a chance that there is heterogeneity in how 
much utility individuals attach to attributes. Mixed Logit (ML) modelling can deal with this 
drawback of MNL modelling. In order to measure individual taste variation, random parameters 
can be added to the attribute level parameters. The standard deviation of that attribute level 
follows from the random parameter. if this shows a significant result, there is taste variation in 
the population for that attribute level. The estimated random parameter can be found through 
simulation using Halton sequences (Train, 1999).  

Mixed Logit model 4 is an advanced version of MNL model 1. For each variable, a random 
parameter is estimated in order to check for taste variation. If the random parameter is 
significant, it is added to ML model 4. Non-significant random parameters are removed, since 
they are in fact equal to 0. In equation 6, the structural utility of alternative i is the sum of the 
sum of all scores Xin of alternative i on a certain attribute n, times the sum of the parameters 
representing the weight βn and the random parameter ξn of the corresponding attribute n: 

 
Vi= Σn(βn + ξn) Xin                  (equation 6) 

         = (β1 + ξ1) Xi1 + (β2 + ξ2) Xi2 + (β3+ ξ3) Xi3… 

 
Moreover, it can be interesting to search for clusters of individuals with similar patterns of 
parameters, since similar parameters means similar preferences. Latent Class Models (LC 
models) can be used to search for such clusters (classes) with similar preferences. And if a 
cluster of individuals have similar preferences, it is possible that these individuals have other 
similar characteristics as well, which can provide additional insight.  
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The included parameters in Latent Class model 5 are exactly the same as in model 1, but the 
statistical software package NLogit (version 6.0) divide individuals into a predetermined 
number of classes. For each class c, the average weights are estimated in the same way as 
for model 1 (using equation 7).  

Vc = Σnβn Xn                           (equation 7) 

       = β1 X1 + β2 X2 + β3 X3… 

 
Moreover, the individual class probabilities that an individual q is assigned to class c are given, 
following equation 8. These class probabilities result in average class probabilities. The 
individual class probabilities can be used to assign individuals to the class for which they have 
the highest probability. After doing this, the classes with individuals can be further analysed.  

 

Pq|c = 
( | )

 ( | )
                            (equation 8) 

 
The conceptual model (section 5.1) describes that there may be characteristics that can 
explain choice behaviour. These possible explanatory variables are given in appendix B. 
Information about these variables is gathered in the survey. The relation between classes and 
possible explanatory variables can be analysed with parametric tests. Which test to use can 
be determined by the measurement level of the variables. The measurement level of the class 
variable is nominal. As a result, the Chi-square test should be used to test relations with 
nominal and ordinal variables and ANOVA should be used to test relation with ratio variables. 
The explanation of these tests is given in appendix F. 

 

5.5.3 Model fit 
The accuracy of the estimation of parameters βn is dependent on the model performance. The 
more often the observed choice of an individual correspondents with the highest estimated 
probability, the better the performance of the model and thus the accuracy of the parameters. 
These parameters can be estimated using a statistical software package. The model 
performance is determined by optimisation of the Log Likelihood of the model estimation  
(equation 9). For the whole sample n, the natural logarithm of piq (the probability that individual 
q will choose alternative i) for the chosen alternative yiq (being 1 if the alternative is chosen 
and 0 if the alternative is not chosen) is summed up. The Log Likelihood function maximises 
the similarities between probability and observed choice. 

 
LLβ = Σn Σyiq ln(piq)                                    (equation 9) 

 
An expression of the model performance is the McFadden’s rho square (McFadden, 1973). 
The rho square value, as described by Train (2009), compares the log-likelihood of the model 
(LLβ, see equation 9) to the log-likelihood of a model in which all choice probabilities are equal 
(LL0).  

 

ρ2 = 1 -                  (equation 10) 
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The result of the equation (10) is a parameter with a value between 0 and 1, with 0 describing 
a non-predictive model and 1 describing a perfectly predictive model. The threshold value of 
McFadden’s rho square is 0.2, a lower value means that the model is not sufficiently predictive. 
When taking into account the number of parameters K that are included in the model, the 
adjusted rho square value becomes: 

ρ2
adj = 1 -    

               (equation 11) 

 
The Akaike Information Criterion (AIC) as developed by Akaike (1974) is used to compare the 
quality of models. If one model has a lower AIC score than the other, it is considered to be a 
better predictive model than the other. The AIC is based on the number of parameters K that 
are included in the model and the Log Likelihood (LLβ) of that model (see equation 12). 

 
AIC = 2K - 2LLβ                         (equation 12) 

 
In addition to the AIC, the Bayesian Information Criterion (BIC) as proposed by Schwarz 
(1978) is used. Next to correction for the number of parameters K that are included in the 
model, the BIC also takes into account the number of observations n. Given Log Likelihood 
(LLβ) of a model, the BIC can be calculated with equation (13). 

 
BIC = K ln(n) - 2LLβ               (equation 13) 

 
Both the AIC and BIC are penalized model selection criteria that can be used to compare the 
quality of different Latent Class models. Both models use different assumptions. The selection 
of the best model is more robust if both the AIC and BIC are consistent with each other (Kuha, 
2004). 

 

5.6 Conclusion 
Based on the conceptual model, an online survey is designed. This survey starts with a part 
with general questions about individual characteristics, the living situation of respondents and 
the energy performance of the buildings. 

In the stated choice experiment, respondents receive 6 choice sets with sustainable energy 
measure packages. These packages differ in terms of energy cost reduction, nuisance, CO2 
reduction, investment costs, gas free yes/no and comfort increase. 

In order to capture the group decision dimension, the choice experiment consists of two parts: 
in the first 3 choice sets, respondents are asked to do a proposal. In the second 3 choice sets, 
respondents are asked to react upon a proposal of a fellow owner association member. With 
discrete choice modelling, the preferences of individuals and the influence of the group can 
be estimated. This will be elaborated in chapter 7. 
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  6 Data analysis 

 

In this chapter, the results of the data analysis are discussed. The results are based on data 
that is retrieved from the survey. Firstly, the socio-demographic characteristics of the sample 
are defined. Secondly, the characteristics of the building and the activity of the owner 
association are described. Next, the results on attitude towards sustainability are included, as 
well as the energy performance. After this, the financing option results are discussed.  

 

6.1 Sample 
The various ways of distributing the survey have led to 217 individuals that returned the survey 
completely filled in. Not all complete surveys are suitable for inclusion in this research. Data 
clearance is the process of searching for non-suitable surveys. This increases the model fit.  
Leaving respondents out of the sample could happen if respondents chose the alternative 
‘none of these’ in all six choice situations, or if respondents chose the same alternative six 
times (regardless the attributes and the choice situation). With data clearance, 50 respondents 
are left out of the sample. The sample size is thus 167.   

 

6.2 Socio-demographics 
Several questions in the survey correspond with socio-demographic characteristics of the 
respondents, which are shown in table 6. There is an overrepresentation of men in the sample, 
with 73% against 27% women. The biggest share (50%) of the sample is 65 years or older, 
compared to 26% of all heads of households affiliated to an owner association (CBS, 2015). 
Contrarily, only 4% of the sample is younger than 30 years old, compared to 14% of all heads 
of households affiliated to owner an owner association.  

The average age of the sample is 61 years. The respondents are on average older compared 
to the rest of the Netherlands, for which the average age is 42 years (CBS, 2019f). This is 
explainable: the age of the respondents varies between 27 and 90 years old, whereas the age 
range from the Netherlands lies between 0 and 99 (or older). The main reason for this is that 
the survey is most likely to be filled in by the head of the household, rather than by children. 

Men usually consider themselves head of the household (this occurs even more with older 
people, who are also overrepresented in the sample. This makes men more likely to fill in the 
survey and can explain the overrepresentation.  

The sample is on average high educated (79%), compared to 31% in the Netherlands (CBS, 
2019e). There are no education figures known of owner association members. The high 
education level of the sample could possibly be explained by the fact that either higher 
educated people are more willing to fill in a survey or that they are more interested in 
sustainability. The origin of 96% of the respondents is native Dutch, which is relatively high 
(compared to 78% for all members of owner associations).  
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Table 6: Socio-demographic variables 
 Category % 
Gender Male 73% 
 Female 27% 
Education level Low (primary school, VMBO) 4% 
 Middle (MBO, HAVO/VWO) 17% 
 High (HBO, WO) 79% 
Origin Native Dutch 96% 
 Foreign western (German, Belgian) 1% 
 Foreign non-western (Turkish, Moroccan) 1% 
 Other 3% 
Age <30 years 4% 
 30-49 years 20% 
 50-64 years 27% 
 65+ years 50% 
Household composition Single 25% 
 Couple without children 58% 
 Couple with children 11% 
 Single-parent household 1% 
 Other 5% 
Household size 1 person 27% 
 2 persons 64% 
 3 persons 7% 
 4 persons or more 2% 

 

The sample consists of less single-person households (25%) compared to the share of single 
households that are a member of an owner association (49%). Alongside this is the high share 
of couples without children in the sample, with 57% compared to 26% for all owner association 
members.  

The mean household size is 1.9. This is slightly smaller compared to the rest of the 
Netherlands, with a mean household size of 2.2 (CBS, 2019e). This difference can be 
explained by the fact that owner associations (which mostly consist of apartments) attract 
smaller households. However, there are no household size figures available for owner 
associations to underpin this hypothesis. The household size of the sample varies between 1 
and 4, where a household size of 2 is most frequent. This correlates with the household 
composition, where a couple without children is most common. 

 

6.3 Living situation 
Several questions are related to the living situation of the respondents. Important here are the 
physical characteristics of the buildings in which the respondents live, and the formal 
functioning of the owner association of which they are a member. The sample is evenly spread 
across the Netherlands: the 167 respondents live in 82 unique four-digit postal code areas. All 
provinces are represented in the sample, except for Zeeland and Friesland. The most 
mentioned postal code is named by 14 respondent (located in Amsterdam). 

The building in which the respondents live have on average 7 building layers, mostly because 
buildings of 3, 4 and 5 layers are most represented in the sample (see figure 19). There are 
some outliers that are unrealistic. The maximum number of building layers is established at 
45, since currently the highest residential tower in the Netherlands is 45 stories high 
(Volkskrant, 2010). So outliers with more than 45 building layers are not included. The number 
of dwellings included in an owner association varies between 6 and 400. The average number 
of dwellings of the sample is 79. This is far more than the average number of dwelling of all 
owner associations in the Netherlands that include at least one dwelling, which is 9 (CBS, 
2016). Bigger owner associations are thus overrepresented in the sample.  
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Figure 19: Building layers - mentioned per respondent 
 

Figure 20 shows that 50% of the respondents indicated that they live in a building with rental 
dwellings. Of these respondents, the owner association is considered mixed. 48% of the 
respondents indicated that they live in a building without rental dwellings, and 2% did not know 
whether there are rental dwellings in their building or not. The distribution of the sample is 
comparable to the owner association in the Netherlands, of which 48% was mixed and 52% 
was non-mixed. 

 

 
Figure 20: Presence of rental dwellings in owner association 
 

The biggest share of respondents (38%) indicated that there building was built between 1985 
and 2004 (see figure 21). The rest was mostly built between 1965 and 1984 (29%) or after 
2005 (26%). Striking is the low share of buildings of the rebuilding period after the second 
world war (only 5%) and buildings from before 1945 (only 2%), especially because research 
by CBS (2016) showed that 61% of the dwellings affiliated to owner associations in the 
Netherlands is from before 1945. The dwellings of the sample are on average younger than 
the dwellings of the rest of the owner associations in the Netherlands. 
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Figure 21: Building year 
 

Almost half of the respondents (49%) indicated that they live in a dwelling with a WOZ-value 
between €150,000 and €299,000 (figure 22). Building with a WOZ-value above €299,000 are 
represented with 43%, of which 29% has a dwelling value between €300,000 and €449,000 
and 14% has a dwelling value higher than €450,000. This share is overrepresented in the 
sample, compared to respectively 2% and 3% for the owner associations of the rest of the 
Netherlands. Buildings with a WOZ-value lower than €150,000 have a share of 8%, far lower 
than the rest of the owner associations in the Netherlands, which is over 50%.  

 

 
Figure 22: WOZ-value of dwellings 
 

As described in section 2.3, the activeness of an owner association can be expressed with the 
formal functioning. An owner association can be considered active if it complies to at least one 
of following six requirements: having a yearly meeting, a periodic contribution for members, a 
multi-year maintenance plan, a reserve fund, a collective insurance and an executive board. 
Table 7 shows that 89% of the respondents indicated that all these requirements were present 
at their owner association. These owner associations are considered formally functioning. The 
other 11% of the respondents are a member of a sleeping owner association.  
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Table 7: Presence of requirements for active owner association 

 N % 
Yearly meeting 167 100% 
Periodic contribution 164 98% 
Multi-year maintenance plan 160 96% 
Reserve fund 161 96% 
Collective insurance 163 98% 
Executive board 167 100% 
Formal functioning owner associations 149 89% 

 

The number of owner associations that is formally functioning is higher than found by 
Companen (2012). Every respondent indicated that they gather at least once a year, 
compared to 84% of the owner associations that did this in 2012. Moreover, 98% of the 
respondents indicated that their owner association collect periodic contribution, compared to 
88% in 2012. 96% of the respondents are member of an owner association with a reserve 
fund, which was 81% in 2012. The biggest difference is visible for multi-year maintenance 
plan: 96% of the respondents are a member of an owner association that has one, whereas 
the share of owner association with a multi-year maintenance plan by 2012 was 35%. The 
difference in formal functioning could either mean that owner associations have become much 
more active in the recent years, or that respondents in the sample are member of more active 
owner associations. This could be caused by the fact that big owner associations are 
overrepresented in the sample: they have more often outsourced their administration to a 
professional administrator. This has a positive influence on formal functioning (see section 
2.3). 

 

6.4 Attitude towards sustainability 
There are several questions in the survey of which the answers reflect the respondent’s 
attitude towards sustainability. Respondents are asked about the urgency of owner 
associations to invest in sustainability (see table 8). The biggest share (88%) of the 
respondents agree that it is important for owner associations to invest in sustainability. 11% 
of the respondents is neutral about this statement and only 1% disagrees. This suggests that 
members of owner associations are open to the implementation of sustainable energy 
measures to their building. 

 
Table 8: Sustainability attitude variables 

 Agree Neutral Disagree 
Attitude towards urgency of 
investing in sustainability 

88% 11% 1% 

 

 

The average living duration of the sample is 11 years. As shown in table 9, the biggest share 
of respondents lives more than 10 years in their current dwelling (49%). Another 28% lives 
between 5 to 10 years in their current dwelling, and the remaining 23% lives shorter than five 
years in their current building. Table 1 of appendix G shows that the living duration and age 
are correlated. This generally means that the older people are, the longer they live in their 
current dwelling. 
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Table 9: Living duration 
 % 
<5 years 23% 
5-10 years 28% 
>10 years 49% 

 

Almost three-quarter of the respondents are definitely not planning on moving within the 
coming 2 years (see table 10). 20% is thinking about the possibility to move, and 2% would 
like to move but cannot find anything. Only 4% is definitely going to move within 2 years. 
Members are living relatively long in their dwelling, and generally are not planning on moving. 
This creates goodwill for investments in sustainable energy measures, since the investment 
is more likely to be regained. This is also visible in table 2 of appendix G: its show that owner 
association members that are definitely not planning to move, applied more sustainable 
energy measures in the past 2 years. They also are more likely to apply measures in the 
coming 2 years (appendix G, table 3).  

 
Table 10: Moving intention 

 % 
Definitely not 74% 
Maybe 20% 
Would like to but cannot find anything 2% 
Definitely 4% 

 
 

6.5 Energy performance 
This section includes the survey results regarding the energy performance of the buildings 
that the respondents live in. The current state of the energy performance may influence choice 
behaviour: respondents that live in a dwellings with poor energy performance might be willing 
to invest more in sustainable energy measures.  

Respondents are asked to indicate whether they are satisfied with both the state of 
maintenance and the energy performance of the building that they are living in (see table 11). 
The majority (77%) is satisfied with the state of maintenance. As for energy performance, 
satisfaction is more divided with 39% satisfied, 29% dissatisfied and 30% neutral. The biggest 
share is satisfied with both the energy performance and the maintenance of their building, 
although satisfaction with the maintenance does not necessarily mean satisfaction with the 
energy performance. The general trend is that the more respondents are satisfied with the 
energy performance, the more they are satisfied with the state of maintenance of their building. 
Members that indicate that they are dissatisfied with the energy performance are still quite 
satisfied with the maintenance. No Chi-square test was possible due to the low 𝑒 . 

 
Table 11: Satisfaction with maintenance and energy performance 

 Satisfaction with maintenance 

Total Agree Disagree Neutral Don’t know 
Satisfaction with 
energy performance 

Agree  38% 1% 1% 0% 40% 

Disagree  23% 3% 2% 1% 28% 

Neutral  14% 5% 10% 0% 30% 

Don’t know  2% 0% 0% 0% 2% 

 
 Total  77% 9% 13% 1% 100% 
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In general, the energy labels of the dwellings that respondents live in are quite high. As shown 
in table 12, almost half of the dwellings has an energy label C or higher: 21% of the dwellings 
had an energy label A, followed by 14% with energy label B and 12% with energy label C. 
Striking is that 40% of the respondents did not know their energy label. 

 
Table 12: Energy labels 

  % 
A 21% 
B 14% 
C 12% 
D 4% 
E 4% 
F 4% 
G 2% 
Don’t know 40% 

 

In figure 23, the energy labels that are given by respondents are compared to the energy label 
distribution of all owner associations (see section 2.5). Energy label A is overrepresented in 
the sample. This goes mostly at the expense of energy label D and E, so the sample is on 
average more energy-efficient compared to all owner associations in the Netherlands.  

 

 
Figure 23: Observed energy labels – sample vs CBS (2015) 
 

More than half of the respondents (57%) declared that they or their owner association 
implemented one or more sustainable energy measures in the past two years (see table 13). 
39% of the respondents have not implemented any sustainable energy measures. For the 
coming two years, respondents are less sure: 37% is planning on implementing sustainable 
energy measures within the coming two years, 35% is not planning on implementing any 
sustainable energy measures and 29% does not know if there are any sustainable energy 
measures scheduled by their owner association. Individuals are more likely to take measures 
if they have experience with the implementation of other measures (and the other way around): 
24% of the respondents have implemented measures in the past 2 years and are also planning 
on doing so in the coming 2 years, whereas 20% of the respondents have not implemented 
any measures and are also not planning on doing so. No Chi-square test was possible 
because not all conditions are met. 
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Table 13: Implementation of sustainable energy measures – past and future 
 Measures in the coming 2 years 

Total Yes No Don’t know 
Measures in the past 
2 years 

Yes  25% 14% 19% 57% 

No  11% 20% 8% 39% 

Don’t know  1% 1% 2% 4% 

 Total  37% 35% 29% 100% 

 

When respondents indicated that they have applied sustainable energy measures in the past 
two years, they are also asked which measures they have taken. 96 respondents have 
implemented 201 measures in the past two years. The results are shown in figure 24.  

 

 
Figure 24: Energy-efficient measures – past 2 years* 
*multiple measures are possible 

 

Of these 96 individuals, 81% have installed LED lighting. Other popular measures are: glazing 
(24%), solar panels (21%) and elevator renovation (22%). The results of WoON 2018 (see 
section 2.5) showed that glazing (23%), solar panels (18%) and insulation (36%) were among 
the most applied measures by homeowners in the past five years. Notable is that owner 
associations more often apply LED lighting and elevator renovation compared to all 
homeowners. Despite that 64% of the respondents uses green electricity, only 3% of the 
respondents that indicated that they have applied any measures actually changed to green 
electricity in the past two years.  

Figure 25 shows the most popular dwelling heating systems for all members, and sorted per 
energy label. Of all respondents, 64% uses a regular boiler to provide their dwellings with heat, 
compared to 87% of all owner-occupied dwellings in the Netherlands (see section 2.5). A heat 
pump is used only by respondents that have energy label A. Dwellings with a higher energy 
label are more likely to have a regular boiler than dwellings with a lower energy label. On the 
contrary, dwellings with a lower energy label are more likely to use district heating. ABF 
Research (2019) also observed these movements in the WoON 2018 survey.  
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Figure 25: Way of dwelling heating – total and per energy label 
 

The dwelling heating trends are also visible in the way of heating water as shown in figure 26: 
the lower the energy label, the less common a regular boiler becomes and the more common 
district heating becomes. An electric boiler is also a more popular water heating system for 
lower energy labels and a heat pump is exclusively used by respondents that have energy 
label A. This is also in accordance with WoON 2018 (ABF Research, 2019). 

 

 
Figure 26: Way of water heating – total and per energy label 
 

Regarding renewable energy, respondents are asked if there are solar panels on the roof of 
their building (figure 27, left) and if they use green electricity (figure 27, right). Only 18% of the 
respondents indicated that they have solar panels, whereas 64% uses green electricity. This 
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may be caused by the fact that changing to green electricity is not quite an extensive operation, 
compared to installing solar panels. Moreover, changing to green electricity for its dwelling is 
somethings that individual home owners can do without authorisation of the owner association. 
The communal electricity usage can also be changed to green electricity, but this requires a 
majority vote from the owner association. The same holds for solar panels, where the owner 
association has to gather and approve the installation of solar panels since the roof is a 
communal building part.  

 

  
Figure 27: Respondents that have solar panels (left) and/or green electricity (right) 
 
 

6.6 Financing 
Financial conditions are important for owner associations when deciding upon the 
implementation of sustainable energy measures. In the Energieakkoord (2013), it is already 
acknowledged that owner associations require special treatment regarding financing of 
sustainable measures. TNO (2017) identified difference in financial ability as a major obstacle 
for owner associations. In addition, van der Waals (2015) described that inequality in financial 
benefits following the implementation of sustainable measures can cause problems, as all 
members benefit from measures differently. Van der Vleuten (2014) concluded that 
consultation of owner associations about financing is a major key to success. In order to 
research the financial state of owner associations, the survey also includes question about 
how sustainable energy measures are financed in the past and how respondents would ideally 
like to finance the sustainable energy measure packages of the choice experiment. 

The respondents that indicated that they have implemented sustainable energy measures in 
the past two years are asked how these measures were financed. The results are shown in 
figure 28. There are measures that members can apply without consultation with the owner 
association. These measures can be paid with own resources, which happened in 30% of the 
time. The biggest share (57%) is financed out of the current budget of the owner association. 
This suggests that the majority of the sustainable energy measures are included in the multi-
year maintenance plan. Another 29% is financed out of the reserve fund, but is not included 
in the multi-year maintenance plan. This could be caused by relatively spontaneous and ad-
hoc decisions. Owner associations got a loan in 13% of the cases. In section 2.2.1, the 
disadvantages of energy performance contracts for owner associations are discussed. This is 
evident from the survey: no one indicated that they used an energy performance contract for 
the financing of the sustainable energy measures. 
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Figure 28: Financing of sustainable energy measures 
 

Respondents are also asked if they (or their owner association) applied for subsidy for the 
measures that they have taken in the past two years (see figure 29). Remarkably, this has not 
been done in almost three-quarter of the time (73%). In section 2.2.2 it is acknowledged that 
subsidies can be a useful policy tool to increase investments in sustainability, but it seems to 
not be an influential factor for owner associations. Of the remaining 27%, did 15% apply for a 
subsidy and 12% did not know if a subsidy was requested. 

 

Figure 29: Subsidy applied for sustainable energy measures 
 

Figure 30 shows the difference in popularity of the five most implemented measures between 
respondents that applied for subsidy and respondents that did not apply for subsidy. Insulation, 
glazing and solar panels are more often implemented by respondents that indicated that they 
(or their owner association) have applied for subsidy for the measures that they have taken in 
the past two years. For respondents that did not apply for subsidy for any of the taken 
measures in the past two years, elevator renovation and LED lighting are more often 
implemented. This may be caused by the requirements of the available subsidies. However, 
as mentioned in section 2.2.2, subsidies are very temporal and so are their requirements. 
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Figure 30: Most implemented measures – respondent has applied for subsidy or not 
 

As described in section 5.2, respondents are asked to propose a sustainable energy measure 
package in the first three choice situations. For each choice situation, they can choose 
between three packages, or choose not to propose a package. When they choose to propose 
one of the three available packages, they get a follow-up question regarding their preferred 
financing option. The sample consists of 167 respondents, leading to 501 choice situations in 
which a proposal is asked. In 20 of the choice situations, no package was chosen (alternative 
4).  

 
Table 14: Choice results: financing options 

 Choice situations % 
One-time extra contribution 130 27% 
Reserve fund 231 48% 
Collective loan 120 25% 
Total 481 100% 

 

For the remaining 481 choice situations, the preferred financing option is asked. So table 14 
shows the financing preferences for the 481 choice situations in which an alternative is 
chosen. Most members of owner association preferred to finance the chosen sustainable 
energy measure package out of the reserve fund of the owner association (48%). In 27% of 
the choice situations, respondents chose to finance the sustainable energy measure package 
with a one-time increase of the contribution. This is significantly higher than the real-life share 
of one-time increase of the contribution in the past (figure 28). In a hypothetical choice 
situation, respondents more easily choose for a one-time contribution increase. The remaining 
25% chose for a collective owner association loan.  

 
Table 15: Choice results: financing options 

 Respondents % 
3x one-time extra contribution 29 17% 
3x reserve fund 66 40% 
3x collective loan 30 18% 
Mixed choice 42 25% 
Total 167 100% 
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Table 15 shows how consistent respondents are when choosing a financing form. Of all 
respondents, 75% chose the same financing option in all three choice sets. The other 25% did 
not choose for the same financing option for all three choice sets, meaning that they varied 
between the three financing options or at least one time chose for ‘no alternative’. Assumedly,  
the respondents that varied in chosen financing option did this with a reason. One could expect 
that the preferred financing option for the chosen sustainable energy measure package is 
dependent on the investments costs of that package. Therefore, the chosen financing options 
are subdivided between the three investment cost levels. This can be seen in table 16. The 
Chi-square value for this cross-table is quite high (66.267) and the p-value is 0.000. 

 
Table 16: Choice results: financing options + investment costs 

 Alternative 1, 2 or 3 with investment costs 

€3,000 €10,000 €17,000 

One-time extra contribution 36% 21% 24% 

Reserve fund 49% 50% 45% 

Collective loan 16% 30% 31% 

Total 100% 100% 100% 

 

What can be concluded from table 16, is that a one-time contribution increase is more popular 
for lower investment costs. The choice to use the reserve fund is equally distributed for the 
different investment cost levels. When the investment costs are higher, getting a collective 
loan increases in popularity. Higher investment costs means higher expenses for the resident 
(via a contribution increase) or higher expenses for the owner association (via the reserve 
fund). In order to avoid higher financial risks, respondents tend to choose for a collective loan 
more easily. 

To conclude, if members of owner associations choose to propose a sustainable energy 
package, the most preferred financing option is usage of the reserve fund, followed by a one-
time contribution increase and getting a collective loan. With increasing investment costs, 
getting a collective loan becomes more popular, while a one-time extra contribution decreases 
in popularity. Recent sustainable energy measures are mostly paid out of the reserve fund, 
but individually completed sustainable energy measures are sometimes financed out of own 
resources. 

 

6.7 Conclusion 
In total, 167 members of owner associations completed the survey. The sample mostly 
consists of high educated Dutch men that are older than 65 years and are living in a household 
of 2 persons without children. Most respondents are satisfied with the state of maintenance of 
their building, whereas satisfaction with the energy performance is more distributed. Still, 88% 
of the respondents indicated that they find it important for owner associations to invest in 
sustainability. Respondents on average live more than 10 years in their current dwelling and 
74% is not planning on moving within 2 years. 

The average building has 7 building layers, is built between 1985 and 2004 and has a dwelling 
value between €150,000 and €299,000. Almost half of the respondents live in a dwelling that 
has an energy label C or higher. However, 40% of the respondents is not aware of their energy 
label. Most dwellings are heated by a regular boiler, and most dwellings have a regular water 
boiler.  
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Approximately half of the respondents are a member of a mixed owner association. 89% of 
the owner associations is formally active. The average owner association consists of 79 
dwellings. More than half of the respondents (or their owner association) have implemented 
one or more sustainable energy measures in the past two years, and 37% of the respondents 
is planning on applying one or more measures in the coming two years. LED lighting is by far 
the more applied measure, followed by glazing, solar panels and elevator renovation. 

Most measures are paid out of the reserve fund of the owner association, without any 
subsidies. In the choice experiment, when respondents are asked how they would finance 
sustainable energy measure packages, the reserve fund is also the most popular financing 
option. With increasing investment costs, getting a collective loan gets more popular. On the 
contrary, a one-time contribution increase is more popular for packages with lower investment 
costs. 
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  7 Estimation results 

This chapter includes the results from the choice experiment. The estimation models are 
specified in section 5.5. With these models, preferences and choice behaviour can be 
analysed. The first model is a basic MNL model that estimates the average weights of the 
attribute levels. Secondly, the group influence parameters are analysed with group influence 
model 2. The mechanisms behind the group influence parameters are analysed with reaction 
interaction model 3, which researches the interaction effects of reactions. After this, a Mixed 
Logit model (4) is estimated. This chapter ends with a Latent Class Analysis (model 5), dividing 
individuals in clusters with different characteristics.  

 

7.1 Model comparison 
The goodness of fit of the estimated models is given in table 17. The basic MNL model 1 
nearly reaches the threshold value of the ρ2

adj. Group influence model 2, which includes the 
group influence parameters, reaches a higher model fit. The inclusion of the interaction 
variables of model 3 increases the model fit even more. ML model 4 adds two random 
parameters to model 1, lifting the model fit over the threshold value of 0.2. Latent Class Model 
5 reaches the highest ρ2, but the ρ2

adj of model 5 decreases a lot due to the high number of 
parameters. After optimisation, the Latent Class Model includes three classes. More 
information about the optimisation of LC model 5 is given in section 7.6. 

 
Table 17: Model fit: model 1 – model 5 

 MNL 
Basic model 1 

MNL 
Group influence 
model 2 

MNL 
Interaction 
model 3 

ML  
model 4 

LC  
model 5 

# parameters 12 16 27 14 38 
# observations 1002 1002 1002 1002 1002 
LL0 -1389.1 -1389.1 -1389.1 -1389.1 -1389.1 
LL (model) -1106.7 -1074.0 -1056.1 -1078.6 -1011.6 

ρ2 0.203 0.227 0.240 0.224 0.272 

ρ2
adj 0.195 0.215 0.220 0.213 0.244 

 
 

7.2 Basic model 1 
The choice results of the basic model are shown in table 18. Alternative 1 is chosen in 40% of 
the time, which is slightly higher than alternative 2 and 3. This can be explained by the fact 
that in the reaction choice situations (choice set 4, 5 and 6), respondents are asked to react 
upon a proposal by a fellow owner association member to accept alternative 1. Individuals 
tend to accept alternative 1 more easily, which increases the total frequency of alternative 1. 
The mechanisms behind this concept are further analysed in section 7.3. Individuals rather 
choose a sustainable energy measure package than no sustainable package: in 5% of the 
time, alternative 4 (‘none of these’) is chosen.  
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Table 18: Frequencies of alternatives 
 Chosen 
Alternative 1 40.3% 
Alternative 2 27.8% 
Alternative 3 26.4% 
Alternative 4 5.4% 

 

The estimation results of the basic model are shown in table 19. The parameters (β’s) show 
the weight that individuals give to the attribute levels. The ρ2

adj is 0.195, so the model predicts 
the parameter weights just sufficiently. The constant parameter is estimated at 2.895 and is 
statistically significant, indicating that individuals rather choose alternative 1, 2 or 3 than 
alternative 4. This means that individuals rather choose a sustainable energy measure 
package than no package. 

All attribute levels are found significant. The signs of the attribute estimations are as 
hypothesised in section 5.3.1. Members of owner associations prefer higher energy cost 
reduction over low energy cost reduction. They also prefer lower nuisance over high nuisance 
and higher CO2 reduction over low CO2 reduction. They want lower investments costs over 
high investment costs. A package that creates a gas free dwelling is preferred, as well as a 
package that ensure a higher comfort. 

 
Table 19: Estimation results – Basic model 1 

 β p-value 
Constant 2.895 0.000*** 
Monthly energy cost reduction €12.50 -0.743 0.000*** 
Monthly energy cost reduction €37.50 -0.229 0.030* 
Monthly energy cost reduction €62.50 0  
Nuisance low 0.651 0.000*** 
Nuisance middle 0.363 0.001** 
Nuisance high 0  
CO2 reduction 10% -0.836 0.000*** 
CO2 reduction 30% -0.385 0.000*** 
CO2 reduction 60% 0  
Investment costs per dwelling €3,000 1.169 0.000*** 
Investment costs per dwelling €10,000 0.434 0.000*** 
Investment costs per dwelling €17,000 0  
Gas free no -0.588 0.000*** 
Gas free yes 0  
Comfort increase +0% -1.217 0.000*** 
Comfort increase +5% -0.965 0.000*** 
Comfort increase +10% 0  
𝑳𝑳𝟎 -1389.1  
𝑳𝑳𝜷 -1106.7  
ρ2adj 0.195  

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05   

 

All attributes have a share in the preferences of members of owner associations, since all 
attributes have at least one attribute level that is significant. The relative influence of an 
attribute on preferences of owner association members for sustainable energy measure 
packages can be expressed in the difference between the highest and lowest utility level of 
that attribute. Figure 31 shows that comfort increase and investment costs are the most 
important attributes. The gas free attribute has a relatively low influence on choice behaviour.  
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Figure 31: Relative importance of attributes – Basic model 1 
 

With the parameter estimates of basic model 1, the willingness-to-pay (WTP) can be 
determined. The willingness-to-pay is a measure expressing the monetary value of an 
attribute. It is the ratio between the parameter of an attribute and the cost attribute parameter, 
multiplied by range between the lowest cost attribute level and the highest cost attribute level. 
The range for this choice experiment is €14,000 (between €3,000 and €17,000).  

Equation 14 describes the WTP for attribute j, given the levels of utility parameter βj and cost 
attribute βc (see table 20). In order to determine the WTP for attribute levels, βc is represented 
by the difference between the highest part-worth utility for the cost attribute (1.169, see table 
20) and the lowest part worth utility for the cost attribute (0, see table 20).  

WTPj =   

 
∗ €14,000                         (equation 14) 

 
Table 20: Cost attribute parameter 

Cost attribute Part-worth utility Utility parameter 
Investment costs per dwelling 

 
1.169 

  €3,000 1.169 
 

  €10,000 0.434 
 

  €17,000 0 
 

 

The WTP for changing an attribute level from βj1  to βj3 is represented by the difference between 
the part worth utilities of those levels, divided by the utility difference between cost attribute 
level βc1  and βc3  (which is 1.169) and multiplied by the range between those cost attribute 
levels (which is €14,000).  

For example, the WTP of owner association members for going from a high nuisance level to 
a low nuisance level is defined by the utility parameter of nuisance (which is 0.651), divided 
by 1.169 and multiplied with €14,000. This amount (€7,796) is the sum of the WTP of owner 
association members for going from a high nuisance level to a middle nuisance level (defined 
by the difference in level weight, which is 0.363) and the WTP of owner association members 
for going from a middle nuisance level to a low nuisance level (defined by the difference in 
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level weight, which is 0.288). Consequently, the WTP for going from a high to middle nuisance 
level and the WTP for going from a middle to low nuisance level add up to the WTP for going 
from a high to low nuisance level (€4,347 + €3,449 = €7,796). 

The results are presented in table 21. The interpretation of negative WTP results can directly 
be inverted: for example, members of owner associations are willing to pay €9,030 to have a 
sustainable energy measure package that leads to a monthly energy cost reduction of € 62.50 
instead of a monthly energy cost reduction of €12.50. This follows from the fact that an energy 
cost reduction of €12.50 has a much lower part-worth utility than the utility for a reduction of 
€62.50. Subsequently, individuals are willing to pay €6,216 to get a package that leads to an 
energy cost reduction of €37.50 instead of €12.50 and individuals are willing to pay €2,814 to 
get an energy reduction of €62.50 instead of €37.50.  

 
Table 21: Willingness-to-pay 

MNL Model 1 
Part-worth 
utility 

Utility 
parameter 

Level 
weight 

WTP3-2 WTP2-1 WTP3-1 

Monthly energy cost reduction 
 

-0.743 
  

 -€ 8,898 
  €12.50 -0.743 

 
-0.514 

 
-€ 6,156  

  €37.50 -0.229 
 

-0.229 -€ 2,743   
  €62.50 0 

   
  

Nuisance 
 

0.651 
  

 € 7,796 
  Low 0.651 

 
0.288 

 
€ 3,449  

  Middle 0.363 
 

0.363 € 4,347   
  High 0 

   
  

CO2 reduction 
 

-0.836 
  

 -€ 10,012 
  10% -0.836 

 
-0.451 

 
-€ 5,401  

  30% -0.385 
 

-0.385 -€ 4,611   
  60% 0 

   
  

Gas free 
 

-0.588 
  

 -€ 7,042 
  No -0.588 

   
  

  Yes 0 
   

  
Comfort increase 

 
-1.217 

  
 -€ 14,575 

  0% -1.217 
 

-0.252 
 

-€ 3,018  
  5% -0.965 

 
-0.965 -€ 11,557   

  10% 0 
   

  

 

The WTP results are arranged in figure 32. The lowest monetary value is attached to the gas 
free attribute: individuals are willing to pay €7,042 to get a sustainable energy measure 
package that creates a gas free dwelling. On the contrary, individuals attach highest monetary 
value to a sustainable measure package that leads to 10% comfort increase (€14,575). Getting 
a comfort increase of 5% instead of 0% has a WTP value of €3,018, whereas getting a comfort 
increase of 10% instead of 5% has a WTP value of €11,557. 
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Figure 32: WTP per attribute level 
 
 

7.3 Group influence model 2 
When looking at the frequency distribution of the chosen alternatives in table 22, there is a 
clear difference between the proposal and reaction choice situations. In the proposal choice 
situation (choice set 1, 2 and 3), the choice distribution is quite evenly divided between 
alternative 1, 2 and 3. Only 4% chose for ‘no alternative’. In the reaction choice situation 
(choice set 4, 5 and 6), respondents are tend to choose alternative 1 more, at the expense of 
alternative 2 and 3. This makes sense: in the reaction choice situation, respondents are asked 
whether they accept the proposal of a fellow resident to choose alternative 1.  

 
Table 22: Frequencies of alternatives – divided into proposal and reaction choice situation 

 Alternative 1 Alternative 2 Alternative 3 Alternative 4 
Proposal 30.7% 35.7% 29.5% 4.0% 
Reaction 49.9% 20.0% 23.3% 6.8% 
Total 40.3% 27.8% 26.4% 5.4% 

 

The differences between choice behaviour may indicate that individuals adjust their 
preferences in different situations. In section 5.5, several parameters are described in order 
to research if individuals adjust their preferences in different choice settings. Model 2 is 
specified with the inclusion of all group influence parameters. The influence of a majority vote 
is analysed with the formation of variable M, being 1 if an alternative has a potential majority 
vote and 0 otherwise. Parameter ω0 expresses the influence of the existence of a majority on 
the preferences of individuals. This parameter does not show a significant estimation in model 
2.  

Leaving variable M out of model 2 led to an increase in the model fit, indicating that model 2 
has a better predictability without M. The variable M could be correlated to the preference 
variable P, since they both express the extent to which other members are in favour of an 
alternative. Therefore, variable M is redundant and left out of model 2.  
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The estimation results of group influence model 2 are shown in table 23. Model 2 has a ρ2
adj of 

0.22. The estimates for the constant and attribute levels are comparable to those in the basic 
model 1. The monthly energy cost reduction of €37.50 attribute level is not significant any 
more.  

In the group influence model, the constant parameter is significant and positive, so owner 
association members are in general more inclined to choose a sustainable energy measure 
package than no package.  The parameter δ0 (belonging to R) is statistically significant and 
has a negative parameter. This implies that owner association members are less committed 
to choosing a sustainable energy measure package in a reaction choice situation. Contrarily, 
respondents in a proposal situation are more willing to choose a sustainable energy package. 
They are more willing to propose something ‘positive’ (a sustainable energy package), instead 
of proposing to choose no package at all.  

 
Table 23: Estimation results – Group influence model 2 

 β p-value 
Constant 2.822 0.000*** 
R -0.842 0.005** 

Monthly energy cost reduction €12.50 -0.708 0.000*** 
Monthly energy cost reduction €37.50 -0.049 0.661 
Monthly energy cost reduction €62.50 0  
Nuisance low 0.582 0.000*** 
Nuisance middle 0.271 0.020* 
Nuisance high 0  
CO2 reduction 10% -0.924 0.000*** 
CO2 reduction 30% -0.425 0.000*** 
CO2 reduction 60% 0  
Investment costs per dwelling €3,000 1.149 0.000*** 
Investment costs per dwelling €10,000 0.635 0.000*** 
Investment costs per dwelling €17,000 0  
Gas free no -0.564 0.000*** 
Gas free yes 0  
Comfort increase +0% -1.141 0.000*** 
Comfort increase +5% -1.029 0.000*** 
Comfort increase +10% 0  

F -0.427 0.004** 
V 0.927 0.000*** 
P 1.314 0.000*** 

𝑳𝑳𝟎 -1389.1  
𝑳𝑳𝜷 -1074.0  
ρ2adj 0.215  

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05  

 

Parameter γ0 (belonging to F) indicates whether individuals are more likely to choose 
alternative 1 over the other alternatives in both the proposal and reaction choice situation. This 
parameter shows a negative result. However, one would expect that the parameter for F would 
be positive: table 22 shows that alternative 1 is the most chosen alternative.  

In the reaction choice sets, respondents are asked to react upon a proposal to accept the first 
alternative. F could partly be influenced by the tendency of respondents to accept these 
proposals. Therefore, parameter choice variable V is estimated in order to research if this 
tendency is really present. This parameter shows a significantly positive effect in model 2. So 
the effect of being the first alternative in the proposal choice situation is equal to F and thus 
negative, and the effect of being the first alternative in the reaction choice situation is equal to 
F + V and positive. This indicates that respondents are in fact more willing to accept alternative 
1 when they react upon a proposal of a fellow owner association member. This shows signs 
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of cooperative behaviour: owner association members are more willing to choose a 
sustainable energy measure package if this package is proposed by a fellow owner 
association member. 

The influence of preferences of others is captured with the variable P, which expresses the 
percentage of members that is proponent of a certain sustainable energy measure package. 
The parameter θ0 is significant and positive in model 2, meaning that the higher the number of 
members that agrees with an alternative, the higher the utility for this alternative becomes. 
This implies that individuals tend to choose for the alternative with the most proponents. 

The group choice parameters indicate if (and how) cooperative individuals behave in group 
decisions. Individuals generally show cooperative behaviour and take the preferences of 
others into account. This is summarised in table 24, giving the differences between the 
situation in which an individual has to do a proposal or the situation in which an individual has 
to react upon a proposal of a fellow owner association member. 

 
Table 24: Effect of group choice parameters 

          Effect 
Proposal - Individuals rather choose to propose a package over ‘no package’. 

They want come up with something positive.  
- Moreover, they are more likely to propose a package that has a 

large number of proponents. 
Reaction - Individuals rather accept a proposal from a fellow owner 

association member.  
- But when not accepting the proposal, they rather choose ‘no 

package’ than propose another package. 
- Moreover, they are more likely to accept a proposal that has a large 

number of proponents. 

 

 

7.4 Reaction interaction model 3 
Section 7.3 shows that if members have to react upon a proposal, this has an influence on 
their preferences. Section 7.3 also shows that respondents are less likely to choose a 
sustainable energy measure package in the reaction choice situation: firstly, alternative 4 is 
chosen more often in the reaction model. Secondly, the parameter for reaction variable R in 
model 2 (table 23) is significant and negative. Therefore, the fact that a package is proposed 
can be influential on the preferences of individuals. In this section, the mechanisms behind 
this influence are analysed. Interaction variables are added for each attribute level. The 
difference between the main effects of attribute levels and interaction effects is measured with 
the reaction interaction model (3), which is shown in table 25.  

The parameters for the main effect of the attribute levels are similar to model 1. A monthly 
energy cost reduction of €12.50 is preferred over €62.50, but unlike in model 1 does an energy 
cost reduction of €37.50 not show a significant difference. Low nuisance is significantly 
preferred over high nuisance, but unlike in model 1 does middle nuisance not show a 
significant difference. Both a CO2 reduction of 10% and 30% are equally less preferred than 
a CO2 reduction of 60%, whereas in model 1 showed a difference between CO2 reduction of 
10% and 30%. Investment costs of €3,000 are preferred over €17,000, but investment costs 
of €10,000 is not significant. A sustainable energy measure package that creates a gas free 
dwelling is preferred. A comfort increase of 10% is most preferred, followed by a comfort 
increase of 5%.  
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Table 25: Estimation results – Reaction interaction model 3 

 Main effect Reaction interaction effect 
Constant 3.226 0.000***   
R 0.003 0.996   
Monthly energy cost reduction €12.50 -1.059 0.000*** 0.119 0.670 
Monthly energy cost reduction €37.50 -0.286 0.212 0.860 0.012* 
Monthly energy cost reduction €62.50 0  0  
Nuisance low 0.825 0.000*** -0.802 0.021* 
Nuisance middle -0.068 0.710 -0.253 0.508 
Nuisance high 0  0  
CO2 reduction 10% -0.992 0.000*** -0.899 0.026* 
CO2 reduction 30% -1.076 0.000*** -0.009 0.980 
CO2 reduction 60% 0  0  
Investment costs per dwelling €3,000 0.488 0.018* 1.680 0.000*** 
Investment costs per dwelling €10,000 0.214 0.247 0.906 0.001** 
Investment costs per dwelling €17,000 0  0  
Gas free no -0.402 0.026* -0.881 0.012* 
Gas free yes 0  0  
Comfort increase +0% -0.933 0.000*** -0.630 0.061 
Comfort increase +5% -0.736 0.006** -0.404 0.270 
Comfort increase +10% 0  0  
F -0.481 0.007**   
V 1.229 0.000***   
P 1.344 0.000***   
𝑳𝑳𝟎 -1389.1    
𝑳𝑳𝜷 -1056.1    
ρ2adj 0.220    

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 

 

Model 3 also estimates the interaction effects of being in a reaction situation. Surprisingly, in 
the reaction choice situation, owner association members prefer an energy cost reduction of 
€37,50. When reacting to a proposal of a fellow owner association member, significantly less 
value is attached to low nuisance. The same holds for a sustainable energy measure package 
that does not make a dwelling gas free. A CO2 reduction of 10% is evenly preferred in both 
choice situations. On the other hand do individuals appreciate investment costs of €3,000 and 
€10,000 more when they respond to a proposal: the δ parameter for these attribute levels is 
respectively 1.195 and 0.940 (both significant).  

Figure 33 shows the difference in relative importance of attributes between the main effects 
and reaction interaction effects. When reaction to a proposal of a fellow owner association 
member, the relative importance of investment costs and creating a gas free dwelling is higher, 
at the expense of the other four attributes. Comfort increase does not even show a significant 
effect. 

This means that, when reaction to a proposal of a fellow owner association member, an ideal 
package consists of sustainable energy measures that create a gas free dwelling with low 
investment costs. Such packages are more likely to be accepted because individuals attach 
more value to these properties when reacting to a proposal.  
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Figure 33: Relative importance attributes – Main effect vs reaction interaction effect 
 

7.5 Mixed Logit model 4 
A Mixed Logit is estimated in order to take into account heterogeneity in the population. As 
described in section 5.5.2, are Halton sequences used for simulation of the estimated random 
parameters. 500 iterations are used to find results. A random parameter is successively added 
to one attribute level of model 1. All random parameters that showed a significant result are 
included, leading to model 4. The estimation results are shown in table 26. A random 
parameter is included for the investment costs of €3,000 attribute level and the ‘no gas free’ 
attribute level. The estimated standard deviation is statistically significant, indicating that there 
exists heterogeneity in the sample in how these attribute levels are valued. The highest taste 
variation occurs for the gas free attribute. 

 
Table 26: Estimation results – Mixed Logit model 4 

 β p-value St. dev. p-value 
Constant 4.571 0.000***   
Monthly energy cost reduction €12.50 -1.148 0.000***   
Monthly energy cost reduction €37.50 -0.335 0.020*   
Monthly energy cost reduction €62.50 0    
Nuisance low 0.991 0.000***   
Nuisance middle 0.552 0.000***   
Nuisance high 0    
CO2 reduction 10% -1.354 0.000***   
CO2 reduction 30% -0.444 0.001***   
CO2 reduction 60% 0    
Investment costs per dwelling €3,000 1.538 0.000*** 1.300 0.006** 
Investment costs per dwelling €10,000 0.656 0.000***   
Investment costs per dwelling €17,000 0    
Gas free no -0.767 0.000*** 2.734 0.000*** 
Gas free yes 0    
Comfort increase +0% -1.788 0.000***   
Comfort increase +5% -1.380 0.000***   
Comfort increase +10% 0    
𝑳𝑳𝟎 -1389.1    
𝑳𝑳𝜷 -1078.6    
ρ2adj 0.213    

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05  

 

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

Comfort increase

Gas free

Investment costs per dwelling

CO2 reduction

Nuisance

Monthly energy cost reduction

Main effect Reaction interaction effect



83                       
 

 

7.6 Latent Class Analysis 
Latent class analysis is performed to search for clusters of individuals with similar preferences. 
The model with the optimal number of classes is determined with the model fit criteria of 
section 5.5.3. The model fit of LC models with up to four classes is presented in table 27. A 
Latent Class model with one class is in fact MNL model 1, so it has the same model 
performance. The Log Likelihood of the model increases for every additional latent class. 
However, AIC, BIC and ρ2

adj all decrease when adding a fourth latent class. Following from 
this, LC3 is the best performing model.  

 
Table 27: Model fit comparison between LC1 – LC4 

 # latent classes LL (model) # parameters AIC BIC ρ2adj 
LC1 1 (MNL) -1106.7 12 2237 2249 0.195 
LC2 2 -1044.5 25 2139 2164 0.230 
LC3 3 -1011.6 38 2099 2137 0.244 
LC4 4 -1001.3 51 2105 2156 0.242 

 

A model with three latent classes is estimated (see table 28 and appendix H). The parameter 
weights for each class are estimated in the same way as for MNL model 1, using equation 7. 
Moreover, the probability that an individual is assigned to a class is given. These class 
probabilities follow from equation 8. Class 2 has the highest class probability: 45.4% of the 
sample is represented in class 2. Class 1 (27.2%) and class 3 (27.3%) are almost equally big. 

 
Table 28: Estimation results – Latent Class model 5 

 Class 1 Class 2 Class 3 
 β p β p β p 
Constant 4.807 *** 1.697 *** 5.567 *** 
Monthly energy cost reduction €12.50 -1.573 *** -1.327 *** 0.498  
Monthly energy cost reduction €37.50 -0.365  -0.358  0.603  
Monthly energy cost reduction €62.50 0  0  0  
Nuisance low 0.378  1.143 *** 1.987 *** 
Nuisance middle -0.432  1.034 *** 0.676  
Nuisance high 0  0  0  
CO2 reduction 10% -1.491 *** -0.348  -3.762 *** 
CO2 reduction 30% -1.025 *** -0.322  -1.285 *** 
CO2 reduction 60% 0  0  0  
Investment costs per dwelling €3,000 -0.683  2.780 *** 1.633 *** 
Investment costs per dwelling €10,000 -0.130  1.275 *** 1.649 *** 
Investment costs per dwelling €17,000 0  0  0  
Gas free no 0.997 *** -0.237  -3.386 *** 
Gas free yes 0  0  0  
Comfort increase +0% -1.317 *** -1.459 *** -3.932 *** 
Comfort increase +5% -0.792 ** -1.003 *** -4.622 *** 
Comfort increase +10% 0  0  0  
Class probability 0.272  0.454  0.273  

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05  

 

The higher β-value for the constant indicates that individuals in class 1 and 3 attach more 
value to a sustainable energy measure package over ‘none of these’ than individuals in class 
2. No significant value is found in class 3 for monthly energy cost reduction, whereas in class 
1 and 2 only a significant value is found for an energy cost reduction of €12.50. 
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On the other hand, individuals attached to class 3 have a strong dislike for a CO2 reduction of 
10%. They dislike a comfort increase of 5% even more than a comfort increase of 0%. 
Individuals belonging to class 2 have almost equally preference for low and middle nuisance. 
Moreover, these individuals have higher preferences for low investment costs.  

Striking is that individuals belonging to class 1 prefer a sustainable energy measure package 
that does not create a gas free dwelling, whereas individuals belonging to class 3 have a 
strong preference for a gas free dwelling. Individuals of class 1 also prefer investment costs 
of €17,000 over investment costs of €3,000. 

The relative importance of attributes per class are shown in figure 34. Attributes for which no 
significant weight is determined are light-coloured. This gives insight in the preference 
difference between classes. Class 1 attach relatively high value to energy cost reduction and 
CO2 reduction. On the contrary, individuals belonging to class 1 attach relatively low value to 
low nuisance and no significant preference regarding investment costs is found. Unlike 
individuals of class 2, who appreciate low nuisance and low investment costs, but do not have 
a significant preference regarding a gas free dwelling. No statistical significant preference 
regarding CO2 reduction is found. Investment costs and energy cost reduction are not quite 
important for individuals belonging to class 3. They attach more value to a comfort increase of 
10%, a gas free dwelling and a high CO2 reduction. Given these differences in preferences 
and its relative importance, three styles can be distinguished for the three classes. 

- Class 1: this class can best be typified as moderate. All attributes are quite evenly 
preferred. They attach more value to high energy cost reduction compared to 
individuals in class 2 and 3. Although not influential compared to the other 
attributes, they prefer that their dwelling is not made gas free.  

 

- Class 2: this class is very cost-minded. Low investment costs and energy costs are 
highly valued. There is no significant preference for a gas free dwelling, and a CO2 
reduction of 60% is only a little preferred. They like a middle and low nuisance 
almost equally.  

 

- Class 3: idealists. These individuals attach high value to CO2 reduction and a gas 
free dwelling. Cost-related attributes are not that important: no significant 
preference was found for energy cost reduction and investment costs of €3,000 
and €10,000 are equally preferred. These individuals are also keen on comfort: 
they have a strong preference for a comfort increase of 10% instead of 0% or 5%.  
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Figure 34: Relative importance of attributes – Latent Class model 
 

Next to difference styles in preferences between classes, individuals in a certain class can 
also have characteristics that distinguish them from individuals in other classes. This gives 
extra information about the three different styles (moderate, cost-minded and idealists) and 
helps with segmentation of target groups.  

The probability that an individual belongs to a certain class can be calculated with equation 5 
(see section 5.5.2). Individuals can be assigned to a class following their class probabilities. 
When every respondent is assigned to the class for which they have the highest choice 
probability, the class distribution is 27% for class 1, 44% for class 2 and 29% for class 3. This 
is almost equal to the average class probabilities as given in table 29.  

The possible explanatory variables are given in appendix B. Chi-square and ANOVA tests can 
be used to analyse the relation between the classes and these variables. Only the variables 
for which the tests met all conditions and showed a statistical significant result are included in 
table 29. Some categories in the cross-table are merged in order to meet the conditions of the 
Chi-square test. 

 
Table 29: explanatory variables for class differences 

 Chi-square ANOVA 

 x2 value p-value F-statistic p-value 

Willingness to move 9.687 0.008   

Satisfaction with maintenance 10.175 0.038   

Importance of sustainability 8.743 0.013   

Age   4.567 0.012 

 

The result per variable are shown in appendix I. Combining these results into the three class 
styles (moderate, cost-minded and idealists) results in the following segments:  

- Class 1: the moderate class has no overstated preferences for certain attributes. 
Individuals in this class are less willing to move than class 2 and 3. However, they 
are less satisfied with the state of maintenance of their buildings. They are on 
average 8 years older than individuals in class 2, but not significantly older or 
younger than individuals in class 3. 
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- Class 2: logically, the cost-minded class attaches less importance to investments 
of owner associations in sustainability than class 1 and 3. Although this is not 
visible in the cross-table, they are mostly neutral about the urgency of sustainability 
investments. They are on average 8 years younger than individuals in class 1, but 
not significantly older or younger than individuals in class 3. 

 

- Class 3: The idealists are on average more willing to move than the moderate 
class, even though they are quite satisfied with the state of maintenance of their 
building. Logically, they are more concerned about the urgency of owner 
associations to invest in sustainability than the cost-minded class.  

 

7.7 Conclusion 
Generally, members of owners associations rather choose a sustainable energy measure 
package than no package. They prefer a monthly energy cost reduction of €62.50, low 
nuisance, a high CO2 reduction, low investment costs, a gas free dwelling and high comfort. 
Comfort increase and investment costs are the relatively most important attributes, and having 
a gas free dwelling is the least important attribute. 

Owner association members are quite cooperative when deciding upon sustainable energy 
measure packages. They rather propose a package than propose to do nothing. The higher 
the number of proponents of a package, the more likely an individual is to propose that 
package. Moreover, they are more likely to accept a proposal of a fellow owner association 
member. Proposals with a high number of proponents are most likely to be accepted, 
especially if the proposed package has low investment costs and creates a gas free dwelling. 
When declining a proposal, individuals rather choose to do nothing than propose another 
package. 

Three segments can be distinguished within the owner association member population: 
moderates, cost-minded individuals and idealists. The cost-minded are more likely to propose 
or accept proposals that create a gas free dwelling and have low investment cost. However, 
there exists heterogeneity in the population regarding these two attributes. 
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  8 Conclusion and recommendations 

 

This chapter includes the conclusions, recommendations and discussion that follows from this 
research. In order to achieve the research goal to gain insight in the financial possibilities, 
wishes and demands of members of an owner association, several questions are formulated:  

What kind of sustainable energy measures are preferred by members of owner associations, 
how are these preferences influenced by the group decision-process and what is the best 
financing for these measures? 

1) What are characteristics of owner associations and how are they performing 
regarding creating a sustainable energy demand? 

2) Which sustainable energy measures are most suitable for members of owner 
associations and which financing options are available? 

3) What are the individual preferences of members for sustainable energy measures? 
4) What is the influence of the group decision-process on the preferences of members 

for sustainable energy measures? 
5) How should the chosen sustainable energy measures preferably be financed 

according to members of owner associations?  

The conclusion consists of the answers to these questions and the main research question. 
Next, an overview of the points of discussion and recommendations that are relevant for this 
research is given. After this, the managerial implications of the findings on these research are 
explored. 

 

8.1 Conclusion 
As all sectors, the Dutch built environment is ought to comply to the national and international 
climate agreements by reducing its CO2 emission in order to diminish the global temperature 
increase. The current dwelling stock of the Netherlands should also contribute to the CO2 
reduction of the built environment sector. More than 15% of the current dwelling stock is 
arranged in owner associations. An owner association is a juridical entity consisting of dwelling 
owners that are situated in a complex or building. An owner association takes care of the 
administration and maintenance of the building, including communal parts such as façade, 
roof and hallways. All members gather at least once a year to decide upon their policy on 
cases like administration and maintenance, which is executed by the owner association board.  

The long life-cycle of a building makes energetic improvement of the current dwellings 
favourable over rebuilding the current dwellings in a sustainable way. This means that owner 
associations have to implement sustainable energy measures in order to contribute to the 
reduction of the non-renewable energy demand and thus the CO2 reduction of the current 
dwelling stock.  

However, several institutions have already acknowledged that owner associations need a 
specific treatment, given their particular decision-making. Next to economic or sustainability 
factors, behavioural factors play a role too. Owner associations undergo the following 
decision-making process when deciding upon sustainable energy measures: first an internal 
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or external cause to include sustainability on the agenda appears. Then, the board or 
committee starts orienting and exploring the measures that are most suitable for the building 
of the owner association. Then, the Meeting of owners should approve the formulation of a 
financial business case. In the last stage, the Meeting of owner votes on the execution of the 
plan. This plan includes the technical and financial characteristics of the implementation of the 
chosen sustainable energy measure(s).   

Sustainable measures can be classified within the ‘trias energetica’ concept: some measures 
reduce the energy demand, some measures make use of sustainable energy resources and 
other measures enable the use of fossil fuels in a more efficient way. Some measures are 
structural, others are installation-based. The most suitable combination of measures for owner 
association depends on several conditions, such as the structural and technical conditions of 
the building, as well as the financial ability and preferences of its members.  

Existing literature all focus on the general impediments that hinder owner associations in 
creating more sustainable dwellings for their members. Mainly organisational obstacles are 
distinguished. On the one hand, there are potential knowledge-related problems regarding the 
technical and financial possibilities. On the other hand, there are potential problems with the 
group dynamics regarding fairness and involvement of members. Previous research shows 
that individuals are aware of the urgency of sustainability and that they see a role for 
themselves. However, even well-organised owner associations got stuck in the initiation 
phase. Thus, there is a seemingly tension between the willingness of owner association 
members and the actual progress regarding the implementation of sustainable energy 
measures. The specific decision-making process of owner associations and the complex 
problems that arise with it, makes it crucial to gain insight in the preferences of members 
regarding sustainable energy measures. 

The decision about implementation of sustainable energy measures requires a majority vote 
in the owner association gathering. As a result, the preferences of members have a big 
influence on the policy of owner associations regarding sustainable energy measures. In order 
to develop a package with the most favourable sustainable energy measures according to 
owner association members, these preferences should be quantified on their impact on 
people, planet, profit and built environment aspects. In a stated choice experiment, 
respondents are asked to choose between sustainable packages that differ in terms of energy 
cost reduction, nuisance, CO2 reduction, investment costs, gas free yes/no and comfort 
increase. The stated choice experiment consists of two parts: in the first part, respondents are 
asked three times to choose between three competing sustainable energy packages (or 
choose ‘none of these three’), given the preferences of all fellow members. In the second part, 
respondents are asked three times to react upon a proposal of a fictional fellow member, given 
the preferences of all other members. 

A Multinomial Logit Model is specified in order to quantify the preferences of owner association 
members. Generally, members of owners associations rather choose a sustainable energy 
measure package than no package. They prefer a monthly energy cost reduction of €62.50, 
low nuisance, a high CO2 reduction, low investment costs, a gas free dwelling and high 
comfort. Comfort increase and investment costs are the relatively most important attributes. 
Having a gas free dwelling is the least important attribute for owner association members. This 
is also expressed in the WTP for a gas free dwelling: members are willing to pay €7,042 to get 
a sustainable energy measure package that creates a gas free dwelling. Contrary, owner 
association members are willing to pay €3,018 to get a comfort increase of 5% instead of 0%, 
whereas getting a comfort increase of 10% instead of 5% has a WTP value of €11,557. Hence, 
they attach a monetary value of €14,575 to a sustainable measure package that leads to 10% 
comfort increase. 
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However, there is variation in preferences in the population. This follows from the Mixed Logit 
model, which proved that there is heterogeneity in the weight that individuals attached to 
investment costs of €3,000 and having a gas free dwelling. The gas free attribute showed the 
highest taste variation. This means that any results in relation to these attribute levels need to 
be interpreted with some caution. 

With use of Latent Class Analysis, three segments of individuals with similar preferences are 
determined: 

- Class 1: this class can best be typified as moderate. All attributes are quite evenly 
preferred. They attach more value to high energy cost reduction compared to 
individuals in class 2 and 3. Although not influential compared to the other 
attributes, they prefer that their dwelling is not made gas free. Individuals in this 
class are less willing to move than class 2 and 3. However, they are less satisfied 
with the state of maintenance of their buildings. They are on average 8 years older 
than individuals in class 2. 

 

- Class 2: this class is very cost-minded. Low investment costs and energy costs are 
highly valued. There is no significant preference for a gas free dwelling, and a CO2 
reduction of 60% is only a little preferred. They like a middle and low nuisance 
almost equally. Logically, the cost-minded class attaches less importance to 
investments of owner associations in sustainability than class 1 and 3. They are on 
average 8 years younger than individuals in class 1. 

 

- Class 3: idealists. These individuals attach high value to CO2 reduction and a gas 
free dwelling. Cost-related attributes are not that important: no significant 
preference was found for energy cost reduction and investment costs of €3,000 
and €10,000 are equally preferred. These individuals are also keen on comfort: 
they have a strong preference for a comfort increase of 10% instead of 0% or 5%. 
The idealists are on average more willing to move than the moderate class, even 
though they are quite satisfied with the state of maintenance of their building. 
Logically, they are more concerned about the urgency of owner associations to 
invest in sustainability than the cost-minded class. 

The Theory of planned behaviour prescribes that individuals make rational choices based on 
intention, which is formed by personal characteristics such as norms and beliefs. Members of 
owner associations choose, within market and household conditions, the most optimal 
outcome. Owner associations that gather to vote on the implementation of sustainable energy 
measures are in fact making a group-decision. This can be characterised as a semi-
cooperative environment in which individuals seek for an agreement on the one hand, and try 
to maximise their own benefits on the other hand. The balance between group-interest and 
self-interest can lead to adaptive behaviour: individuals altering preferences in order to come 
to a consensus. The influence of the group decision-process on the preferences of owner 
association members is analysed by adding several choice parameters to the MNL model. 

When individuals react to a proposal of a fellow owner association member, they are less 
inclined to choosing a sustainable energy measure package over ‘none of these’. In the 
reaction choice situation, members attach less value to a package with low nuisance and one 
that leads to a non-gasfree dwelling. Comfort increase of 0% is even less appreciated, and 
investment costs of €3,000 are even more appreciated when reacting to a proposal. Moreover, 
individuals are more willing to accept a proposal of a fellow owner association member. So 
individuals are more cost-oriented when they react to a proposal of a fellow owner association 
member.  
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The preferences of others also play a role: the higher the share of fellow members in favour 
of a sustainable package, the higher the utility of an owner association member for that 
package. If the preferences within the owner association are more divided, members are in 
general more likely to choose their own preferred sustainable energy package. 

Owner associations have three main alternatives to finance sustainable energy measures. 
Firstly, the sustainable measures can directly be paid out of the reserve fund. The reserve 
fund is normally based on the multi-year maintenance plan, so measures should be included 
in this plan. Secondly, if the reserve fund is not sufficient, owner associations can request a 
one-time increase of the contribution that adds up to the investment costs of the measure(s). 
Members themselves have various options to finance this contribution increase. Thirdly, 
external financing options can be explored if the reserve fund is not sufficient and not all 
members have the financial ability to contribute directly. New legislation makes it increasingly 
easier for owner associations to get a collective loan.  

Members of owner associations are very consistent in their preference for a certain financing 
option, independent on the characteristics of the sustainable energy measure package. 
Paying sustainable energy measures directly out of the reserve fund is the most ideal financing 
form according to owner association members. When looking at the past two years, this is 
also the most used financing form. Almost one-third of the applied measures is financed out 
of own resources, indicating that members also choose for sustainable energy measures that 
do not need permission of the owner association. With higher investment costs, getting a 
collective loan becomes more popular. Contrarily, a one-time contribution increase is more 
popular for low investment costs. 

 

8.2 Limitation and recommendations 
The outcomes of this research can serve as input to overcome the seemingly area of tension 
between willingness of members to become more sustainable and the actual progress of 
owner associations in the process of creating a more sustainable energy demand. However, 
in the research process certain assumptions and decisions are made. Reconsideration of 
these assumptions leads to more stable results and thus a better research. 

Technical innovation makes the choice for suitable sustainable energy measures very volatile. 
Innovation has a positive effect on benefits (such as CO2 reduction and comfort increase) 
while maintaining or even decreasing the investment costs. This leads to hesitance among 
owner associations to invest in sustainable energy measures. The temporal nature of 
governmental policies also creates uncertainty for owner associations about the ideal moment 
to invest in sustainable energy measures, the best technical solution and best financing option. 
Next to the fact that subsidies are very temporal, do the requirements make it impossible for 
some popular sustainable energy measures to be applied for, like elevator renovation. 
Therefore, the role of governmental policy instruments is not quite clear and the results of this 
research should be implemented with caution.  

The owner association composition is neglected in the choice experiment. Owner association 
members that are landlords have other interests than the residents of that dwelling. An 
example of such split incentive is: landlords are not quite interested in the most important 
benefit found in this research (an increase in living comfort) but are mostly interested in 
investment costs. The possibility of the presence of a majority vote holder is also not taken 
into account. Respondents indicated several times that they had a majority vote holder in their 
owner association who refuses to cooperate. Such majority vote holders are mostly housing 
associations or institutional investors. Therefore, the outcomes of this research are mainly 
applicable to owner associations that have a majority of privately owned dwellings.  
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This relative power of decision-makers has an influence on the outcome, as well as the relation 
between decision-makers. The choice experiment is a simplification of the real decision-
making process, which happens at the gathering of the Meeting of owners. Without inclusion 
of relative power and relation between decision-makers, predicting the outcome of the 
decision-making process is impossible. In order to test the representativity of the used models, 
the stated choice data should be compared to revealed choice data. 

It is assumed that households are unanimous in their choice behaviour. In reality, intra-
household bargaining takes place. Differences between attitude and beliefs can lead to altered 
preferences, depending on the relative power of the household members. 

The reaction choice situation, in which the respondent has to react upon a proposal of a 
fictional fellow member, does not allow for negotiation. However, in reality, the interpretation 
of the social meaning and motivation of an individual to propose a certain package can lead 
to non-rational counterproposals. Punishing an individual can happen when someone is acting 
selfish, and rewarding an individual can happen when someone proposes a package that is 
not in its own interest. Further research should be focussed on inclusion of the underlying 
principles of adaptive choice behaviour in discrete choice modelling. 

There is no international or European policy regarding sustainable measures for dwelling 
owners or owner associations. This research is based on the Dutch situation. All countries 
have different juridical and financial frameworks for their type of owner associations. However, 
the influence of behaviour in group decisions of owner associations is relevant for all types of 
owner associations in which members take decisions collectively.  

 

8.3 Managerial implications 
With its size, the Dutch owner associations have a big potential in the contribution to the 
(inter)national sustainability goals that are relevant for the built environment. However, there 
are no legislation that force owner associations to take any measures. The government allows 
dwelling owners the freedom to determine the moment of investing in sustainable energy 
measures. Still, it is of crucial importance that owner associations implement sustainable 
energy measures, from environmental, economic and social point of view. There exists 
awareness amongst owner association members about the urgency of sustainability, so they 
seem to have a motive to invest in sustainable energy measures.  

The executive board is then responsible for the practical implementation. The specific and 
complex problems that arise with decision-making of owner associations, make it crucial for 
the executive board to incorporate the preferences of members into the process. If not 
existent, they can establish a sustainability committee that is responsible for the 
implementation of sustainable energy measures.  

The sustainability committee is most likely to succeed if they propose a sustainable energy 
measure package with technical solutions that meet the preferences following from this 
research. Ideally, in the phase of developing a financial business case, the sustainable energy 
measures are integrated into the multi-year maintenance plan together with all other 
maintenance and building improvement measures. After this, the height of the periodic 
contribution is determined. However, other financing options can also occur, based on the 
financial means of the owner association and members. So it is advisable to develop multiple 
variants. This leads to a comprehensive plan with two or three variants that the executive 
board can propose during the gathering of the owner association.  

Members of owner associations are in general cooperative. They are more likely to accept 
proposals of fellow owner association members, and tend to accept proposals that are 
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supported by a majority more often. The cooperative nature of owner association members is 
a positive effect of group influence. This can be exploited by executive boards that try to 
implement sustainable energy measures in their owner association. As addressed in section 
8.2, negative effects of group influence such as relative power of fellow members or 
relationship between members are not taken into account in this research. In the gathering of 
the Meeting of owners, the members can be asked to vote simultaneously and anonymously 
on the comprehensive proposal. In this way, the positive effects of group influence (the 
cooperativeness of members) is used, and the negative effects of group influence are avoided 
(members do not feel the pressure of relative power or relationships that make them vote 
irrationally).  

So, ideally, the sustainability committee develops two or three sustainable energy measure 
packages, based on the preferences of its members. They present these packages in the 
gathering, and propose their favourite package (the one that fits their members’ preferences 
the most). Then, the owner association members vote simultaneously and anonymously on 
which sustainable energy measure package they prefer. By designing the decision-making 
process in this way, the chance that a package is chosen has increased and the chance that 
the chosen package is the proposed one has increased as well.  

However, it should be acknowledged that each owner association is different in terms of 
physical and social composition. Within each owner association, the actor with the motive to 
invest in sustainable energy measures should come with an unique solution. Further research 
should be aimed at creating a practical tool to guide these actors to such solutions (the 
proposed packages). This choice experiment is a good step towards such tool. However, what 
is not covered by this research, is the technical detailing of the sustainable energy measure 
packages. Logically, the packages that will be presented during the gathering are easier to 
interpret when they are concrete in terms of technical solutions. The choice experiment that is 
used in this research can serve as input for a certain matrix, leading to the most ideal 
sustainable energy measure package and financing for that owner association. The output of 
such matrix are packages with technical measures and matching financing option. These 
packages can be proposed in the way described in the previous paragraph.  

This research has created general guidelines regarding choice behaviour of owner association 
members. Their preferences are mapped, the influence of group decisions is recognised and 
three clusters are identified which enables segmentation of target groups. The technical 
detailing of the proposals is a point of interest, in order to increase the practical use of the 
finding of this research and to help owner associations in accomplishing their sustainability 
targets. 
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  A Overview of physical and social characteristics 

 

Table 1: Mixture and type of ownership of owner associations 
Owner associations 
125,000 
Mixed Non-mixed 
65,375 59,625 
Owner-
occupied 

Rental Unknown Owner-
occupied 

Rental Unknown 

490,250 351,295 6,335 147,155 174,630 29,510 

 

Table 2: Building year of dwellings affiliated to owner associations 
Total dwellings  

1,173,890 

Before 1945 1945 to 1964 1965 to 1984 1985 to 2004 2005 or later Unknown 

273,730 173,155 299,295 291,200 135,735 770 

 

Table 3: Average building year of dwellings affiliated to an owner association 
Total dwellings  

125,000 

Before 1945 1945 to 1964 1965 to 1984 1985 to 2004 2005 or later Unknown 

76,580 12,605 11,860 15,670 8,235 50 

 

Table 4: WOZ-value of dwellings affiliated to owner associations 
Total dwellings 
1,173,890 
Less than €150,000 €150,000 - €299,99 €300,000 - €449,99 €450,000 or more Unknown 
588,855 465,230 61,905 20,525 37,370 

 

Table 5: Average WOZ-value of dwellings affiliated to an owner association 
Owner associations 
125,000 
Less than €150,000 €150,000 - €299,99 €300,000 - €449,99 €450,000 or more Unknown 
49,955 57,580 10,805 4,835 1,825 

 

Table 6: Age of main occupants living in dwellings affiliated owner associations 
Total dwellings 
1,173,890 
<30 years 30-49 years 50-64 years 65+ years Unknown 
164,290 389,515 220,890 301,145 97,965 

 

Table 7: Income of households living in dwellings affiliated to owner associations 
Total dwellings 
1,173,890 
1st  25%-group 
(low income) 

2nd 25%-group 3rd 25%-group 4th 25%-group 
(high income) 

Unknown 

232,000 248,200 278,600 279,400 135,800 
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Table 8: Origin of households living in dwellings affiliated to owner associations 
Total dwellings 
1,173,890 
Foreign Dutch or western immigrant Non-western immigrant Unknown 

913,220 162,705 97,965 

 

Table 9: Household composition of dwellings affiliated to owner associations 
Total dwellings 
1,173,890 
Single-person 
household 

Single-person 
household 

Single-person 
household 

Single-person 
household 

Single-person 
household 

575,050 575,050 575,050 575,050 575,050 
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  B Possible explanatory variables 

 

Table 1: list of possible explanatory variables 

Explanatory variables Measurement level 
Individual characteristics  
Gender Nominal 
Education level Ordinal 
Origin Nominal 
Age Ratio 
Household composition Nominal 
Household size Ratio 
Living duration Ratio 
Moving intention Nominal 
Satisfaction with maintenance of building Nominal 
Satisfaction with energy performance of building Nominal 
Attitude towards urgency of sustainability Nominal 

Living situation characteristics  
Number of building layers Ratio 
Number of dwellings Ratio 
Presence of rental dwellings Nominal 
WOZ-value (in categories) Ordinal 
Building year (in categories) Ordinal 
Formal functioning of owner association Nominal 

Energy performance characteristics  
Mode of heating the dwelling Nominal 
Mode of heating water Nominal 
Energy label Ordinal 
Presence of solar panels Nominal 
Usage of green energy Nominal 
Recent implementation of sustainable energy measures Nominal 
Planned implementation of sustainable energy measures  Nominal 
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  C Survey questions 

 

The survey is structured in three sections. The first section consists of some general 
questions about your living situation, characteristics of your dwelling and the energy 
performance of the building in which your dwelling is located. In the second section, you are 
asked three times to do a proposal, choosing between different sustainable energy measure 
packages. In the third section, you are asked three times to react to a fellow resident that 
proposes to choose a certain sustainable energy measure package.  

Please fill in the survey honestly: your answers will remain totally anonymous, and the 
outcomes of this survey will not have consequences for decisions within your owner 
association. 

 

1. General Questions  

1.1 Individual  

1. What are the four digits of your postal code? 

2. What is your gender? 

3. What is your date of birth? 

4. How many persons does your household include (including yourself)? 

5. What is the composition of your household? 

6. What is your country of origin?  

7. What is the highest level of education you have completed? 

8. In which year have you (or someone else in your household) bought this current dwelling? 

9. Are you planning to move within 2 year? 

10. Please indicate to which extent you agree with the following points of view: 

- I am satisfied with the maintenance of the building in which I am living 

- I am satisfied with the energy performance of the building in which I am living 

- It is important for an owner association to invest in sustainability 
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1.2 Living situation 

1. How many stories does the building in which your dwelling is located count? Ground floor 
should be included, any basement or parking garage should be excluded. 

2. How many dwellings does your owner association count? 

3. Are there also rental dwellings included in the building? 

4. What is the WOZ-value of your dwelling? 

5. What is the energy label of your dwelling? 

6. Please indicate of the following issues are present in your owner association: 

- At least once per year a meeting 

- Periodic contribution for members 

- Multi-year maintenance plan 

- Reserve fund 

- Collective insurance 

- A board 

7. What is the building year of your dwelling? 

 

1.3 Energy performance 

1. How is your dwelling heated? 

2. How is the water in your dwelling heated? 

3. Are there solar panels present on the roof of your building? 

4. Do you use green electricity? 

5a. Has your owner association implemented any sustainable measures in the past 2 years? 

5b. If so, which? (only appears if 5a=Yes) 

5c. How are these measures financed? (only appears if 5a=Yes) 

5d. Has the owner association applied for any subsidy? (only appears if 5a=Yes) 

6. Are there any energy-saving measures planned by your owner association within the 
coming 2 years? 
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  D Experimental design 

 

The following 18 profiles that are shown in table 1 were created using SPSS 

 

Table 1: Profiles for a fractional factorial design 
Profile Energy cost 

reduction 
Nuisance CO2 reduction Investment 

costs 
Gas free Comfort increase 

1 2 2 1 3 1 2 

2 2 2 2 1 1 1 

3 3 1 2 2 2 2 

4 1 1 1 1 1 1 

5 1 2 3 2 1 2 

6 1 2 2 1 2 3 

7 2 1 1 2 2 1 

8 3 3 2 3 1 1 

9 2 3 3 1 2 2 

10 3 1 3 1 1 3 

11 3 2 1 3 2 3 

12 2 3 2 2 1 3 

13 3 2 3 2 1 1 

14 3 3 1 1 1 2 

15 1 3 1 2 1 3 

16 2 1 3 3 1 3 

17 1 3 3 3 2 1 

18 1 1 2 3 1 2 

 

The following attributes and their corresponding levels that are shown in table 2 are used to 
compose the profiles. 

 

Table 2: Attributes and their levels 
 Level 1 Level 2 Level 3 
Monthly energy cost reduction €12.50 €37.50 €62.50 
Nuisance Low Middle High 
CO2 reduction 10% 30% 60% 
Investment costs per dwelling €3,000 €10,000 €17,000 
Gas free No Yes  
Comfort increase +0% +5% +10% 
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Combining the attributes and levels of table 2, and the profiles of table 3, leads to the 
following 18 profiles shown in table 3. 

 

Table 3: Profiles used for the experimental design 
Profile Energy cost 

reduction 
Nuisance CO2 reduction Investment 

costs 
Gas free Comfort increase 

1 €37.50 Middle 10% € 17,000 No +5% 

2 €37.50 Middle 30% € 3,000 No +0% 

3 €62.50 Low 30% € 10,000 Yes +5% 

4 €12.50 Low 10% € 3,000 No +0% 

5 €12.50 Middle 60% € 10,000 No +5% 

6 €12.50 Middle 30% € 3,000 Yes +10% 

7 €37.50 Low 10% € 10,000 Yes +0% 

8 €62.50 High 30% € 17,000 No +0% 

9 €37.50 High 60% € 3,000 Yes +5% 

10 €62.50 Low 60% € 3,000 No +10% 

11 €62.50 Middle 10% € 17,000 Yes +10% 

12 €37.50 High 30% € 10,000 No +10% 

13 €62.50 Middle 60% € 10,000 No +0% 

14 €62.50 High 10% € 3,000 No +5% 

15 €12.50 High 10% € 10,000 No +10% 

16 €37.50 Low 60% € 17,000 No +10% 

17 €12.50 High 60% € 17,000 Yes +0% 

18 €12.50 Laag 30% € 17,000 No +5% 
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  E Preference tables 

 

Table 1: Preference table 1 - Distinct preference for package 1 as winner, with majority 
 

 

 

 

Table 2: Preference table 2 - No distinct preference for package 1 as winner, but a majority 
is possible 

 

 

 

 

Table 3: Preference table 3 - No distinct preference for package 1 as winner, no majority, but 
package 1 is still lightly preferred 

 

 

 

 

Table 4: Preference table 4 - No distinct preference for package 1 as winner, no majority, no 
package is lightly preferred 

 

 

 

 

Table 5: Preference table 5 – Total division of preferences 
 

 

 

 

 

 

 

 Supporter 

Package 1 70% 

Package 2 20% 

Package 3 10% 

 Supporter 

Package 1 50% 

Package 2 30% 

Package 3 20% 

 Supporter 

Package 1 40% 

Package 2 30% 

Package 3 30% 

 Supporter 

Package 1 40% 

Package 2 40% 

Package 3 20% 

 Supporter 

Package 1 33.3% 

Package 2 33.3% 

Package 3 33.3% 
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  F Chi-square and ANOVA 

Chi-square test 
The Chi-square test is a parametric test that can be used to analyse the relation between two 
categorical (nominal or ordinal) variables. It examines if there exists a relation between an 
independent and dependent variable. A cross-table of these two variables can be created 
using a statistical software like SPSS. This table shows the how the sample is distributed over 
the categories of the dependent variable. This can indicate a relation between the two 
variables, but it is not certain if this holds for the total population. A Chi-square value can be 
calculated given the difference between the observed values 𝑜  in the crosstab, and the 
expected values if there would be no relation (𝑒 ). The equation is as followed: 

𝑥 =  
(𝑜 −  𝑒 )

𝑒
 

The strength of the Chi-square value is determined by the degrees of freedom. The bigger the 
crosstab, the higher the degrees of freedom and the higher the Chi-square value should be to 
prove a relationship. The p-value of the Chi-square test should be lower than 0.05 to be 
confident enough to establish a relation between the independent and the dependent variable. 
There are two conditions that should be met: 

1) Not more than 20% of the ei’s is smaller than 5 
2) All ei’s are larger than 0 

 

ANOVA 
The ANOVA test analyses difference in averages between more than two groups. It compares 
the observed variance between group averages 𝑀𝑆  and the expected variance between 
group averages 𝑀𝑆 , depending on the degrees of freedom (the number of groups). The F-
statistic expresses this difference:  

𝐹 =  
𝑀𝑆

𝑀𝑆
 

If the F-statistic is higher than 1, there is a difference in average between the groups. The p-
value of the F-statistic should be lower than 0.05 to be confident enough to establish a 
difference between the groups. There are three conditions that should be met: 

1) The groups are independent of each other 
2) The dependent variable is normally distributed (or the size of all groups is higher than 

30) 
3) Variances of groups are equal. This can be tested with the Levene’s test in SPSS 

If the F-statistic of ANOVA establishes that there is a difference between groups, a post-hoc 
test can be used to determine which groups differ from each other. The post-hoc test gives 
the mean difference between pairs of groups. This mean difference should have a p-value 
lower than 0.05. 
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  G Living duration and sustainable energy measures 

 

Table 1: Correlation between age and living duration 
 Age Living duration 
Age Pearson correlation              1.000              0.435    

Signif. (2-tailed)               0.000*** 
Living duration Pearson correlation              0.435                  1.000 

Signif. (2-tailed)              0.000***  
*** Correlation is significant at the 0.001 level (2-tailed) 

 
 

Table 2: Living duration and measures in the past 2 years 

  

Moving intention 

Total Definitely not Maybe Would like to but 
cannot find anything 

Definitely 

Measures in the past 
2 years 

Yes 44% 2% 11% 1% 57% 

No 27% 2% 9% 1% 39% 

Maybe 3% 0% 1% 0% 4% 

  Total 74% 4% 20% 2% 100% 

 
 

Table 3: Living duration and measures in the coming 2 years 

  

Moving intention 

Total Definitely not Maybe Would like to but 
cannot find anything 

Definitely 

Measures in the 
coming 2 years 

Yes 28% 2% 7% 1% 37% 

No 24% 1% 10% 1% 35% 

Maybe 22% 2% 4% 1% 29% 

  Total 74% 4% 20% 2% 100% 
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  H LCA estimations 
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   I Latent classes: Chi-square and ANOVA tests 

Chi-square tests 
 
Table 1: Class * willingness to move cross-table 

 Willingness to move 

Total Definitely not Definitely / Maybe 
Class 1 91% 9% 100% 

2 68% 32% 100% 

3 67% 33% 100% 

Total 74% 26% 100% 

 
Chi-square value p-value 
9.687 0.008 

 

 
Table 2: Class * satisfaction with maintenance cross-table 

 Satisfaction with maintenance 

Total Agree Disagree Neutral / Don’t know 
Class 1 62% 24% 13% 100% 

2 81% 8% 11% 100% 

3 85% 10% 4% 100% 

Total 77% 13% 10% 100% 

 
Chi-square value p-value 
10.175 0.038 

 

 
Table 3: Class * importance of sustainability cross-table 

 Importance of sustainability 

Total Agree Disagree / Neutral  
Class 1 96% 4% 100% 

2 80% 20% 100% 

3 94% 6% 100% 

Total 88% 12% 100% 

 
Chi-square value p-value 
8.743 0.013 
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ANOVA 
 

Table 4: Age – Levene’s test of equal variance 
Levene Statistic p-value 
2.248 0.109 

 

 
Table 5: Class * age ANOVA 

F-statistic p-value 
4.567 0.012 

 

 
Table 6: Class * age post-hoc test (Bonnefori) 

(I) Class (J) Class Mean difference (I-J) p-value 

1 2 
3 

8.972 
5.864 

0.009* 
0.169 

2 1 
3 

-8.372 
-2.508 

0.009* 
1.000 

3 1 
2 

-5.864 
2.508 

0.169 
1.000 

* The mean difference is significant at the 0.05 level 

 
 

 
 

 

 

 

 

 

 
 

 

 

 

 
 


