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CHAPTER 1: INTRODUCTION
In recent years there have been several developments which necessitate the sustainability of
the existing housing stock. Energy prices rise faster than ever (an average of 8% in 2011 and
an extra 8% as of July 2012) due to the ever‐increasing pressure on finite natural resources,
and the emission of CO2 increases noticeably. One of the main political objectives to reduce
these developments is the by the European Union composed 2020‐climatetarget which
includes the reduction of CO2‐emission by 20% in 2020 and the goal that 20% of the energy
generation comes from natural sources. (Wesselink et al, 2008)
Because the global real estate market is the number one energy consumer (40% of the total
consumption) and producer of CO2 (30% of the total production), sustainability plays a very
large role in housing development and management (Brounen & Kok, 2009). In the
Netherlands, approximately 2.4 million of the 7.2 million dwellings in total belong to social
housing associations (CBS, 2012). Only 20% of these dwellings has an energy label B or
higher. However, energy label B should be the average in 2020, according to the 2020‐
climatetarget. Therefore, housing associations still have to contribute a lot to the
sustainability of the Dutch housing stock. New state‐of‐the‐art sustainable dwellings can
contribute a lot to the average energy label level, but it is necessary that the existing housing
stock, in particular all dwellings before 1975 which have, in general, a low energetic quality
needs to be renovated when it is feasible. (Kramer et al, 2009)
1.1
Problem definition
When renovating the existing housing stock, housing associations still have to cope with
some bottlenecks. Sustainable renovation seems necessary, but financially it is a heavier
burden for housing associations than ordinary planned maintenance. Moreover, since the
new ‘housing agreement’, which was introduced on February 13, 2013, housing associations
have to deal with new regulations that will significantly affect the financial situation of most
associations. As a result, the development of new dwellings and social real estate will be
postponed to next year or even scrapped. Moreover, the renovation budget of many
associations will be cut back drastically the coming years. (Folkers, 2012)
Despite this alarming situation, sustainably renovating the existing housing stock ensures
that the rentable period of a dwelling will be extended, therefore generating an indirect
return on the long term. Moreover, when rent increase will be applied after renovation,
higher cash flows on the short term can be guaranteed, which makes it able to recoup the
renovation investments within the alleged lifetime of the renovation measures. Because of
this, tenants play an important role during the renovation process. 70% of the tenants must
agree to the renovation. However, it is not obvious that tenants agree because they do not
always act positive towards sustainability, especially if the rent will be increased afterwards.
They are more interested in the financial aspect (e.g. no increase in rent) and a possible
improvement in living comfort. Furthermore, major renovations tent to come with a certain
period of nuisance. (Weevers & Go, 2010)
Ironically, when housing associations do not apply a rent increase after renovation, there will
be a full split‐incentive between association and tenant. The association fully finances the
renovation; the tenant gets all the benefits in the form of a lower energy bill and more living
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comfort. In this case housing associations can only hope for quick mutations so they can
revise the rental price more according to the WWS (Woningwaarderingsstelsel). As long as
housing associations do not apply rent increase after renovation, this split‐incentive problem
will be very detrimental for housing associations because there is no direct return to the
investment. (SenterNovem, 2009)
Some housing associations however are already practicing a rent increase after renovation,
but most do not. One of the reasons for this is that housing associations want to avoid
conflicts with their tenants so that most renovation projects can be executed without much
resistance. Due to this way of working, many housing associations face tenants that are
accustomed to no rent increase, which makes it even harder to implement a rent increase.
Therefore, tenants should be convinced that against a lower energy bill and better living
comfort, a certain rent increase is ordinary, and necessary for housing associations to stay
operative. The attitude of tenants towards sustainable renovation could and should be
changed in order to make great strides in the sustainability task of housing associations, and
keeping a profitable business model at the same time. (Weevers & Go, 2010)

Total living costs (in € / month)

In order to convince tenants to let the housing association renovate against rent increase
they should be more aware of the full package of benefits. Therefore, the ‘living cost
approach’ and the offer of renovation packages aimed at tenants’ preferences, can play an
important role in changing the tenants’ attitude. First of all, with the living cost approach,
tenants can be given a clear picture what their benefits will be on the short and long run in
terms of rental costs and energy costs of the dwelling’s energy consumption; an example is
shown in figure 1.1 (KEI/G32, 2011). Moreover, choice in renovation packages with
additional measures that are focused on living comfort could give the tenant a more direct
feeling of input and can also provide a more tangible picture of the benefits in the comfort
range, which is less abstract than the sustainable terminology mentioned earlier. (RENDA,
2012)
600
500
400
Savings
300

Energy costs

200

Rent

100
0
Current situation

After renovation

Figure 1.1: Example of the benefits for a tenant after renovation
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1.2
Research question
To analyze and solve the problem definition the following research question and sub‐
questions are formulated:
Research question
 Can renovation packages specified for certain target groups, ensure that tenants are
more willing to participate in large‐scale renovations against rent increase?
Questions related to the research question
 What are the political objectives related to sustainability and how does the
renovation policy of housing associations in general cope with these objectives?
 What are the technological and financial preconditions to ensure high‐end
sustainable renovation of the existing housing stock that are acceptable for the
housing association?
 What are the tenants’ benefits, interests and restraints in sustainable renovation and
in which way can they be convinced to agree with renovation?
 Which renovation measures are seen as important by tenants and against what rent
increase?
 Can there be renovation packages distinguished for different tenant characteristics
that are specified on their interests?
1.3
Research objectives and limitations
In order to secure a renovation process in which most of the tenants are satisfied with all
agreed measures against rent increase, it is necessary to investigate what moves tenants and
if these results distinguish different target groups and their personal interests. Moreover, in
order to achieve full consent among tenants, this research will combine the technical and
financial side with the behavior side.
The goal of this research is to find out if the living cost approach towards tenants and the
choice in renovation packages that reduce their energy bill and improve the living comfort of
tenants can contribute to the willingness and satisfaction of tenants to participate in large‐
scale sustainable renovation, and can result in a new approach for a more sustainable
business model for a housing association. The objective is to combine the interests of the
housing association (policy‐wise and financial) and the interests and benefits of tenants, to
generate input for a survey among tenants in order to investigate and validate the gathered
input. The end goal is to make the ‘sustainability task’ of housing associations more decisive
and financially secure.
Since housing renovation is very ‘tailor made’, different measures have to be taken into
account per dwelling (or cluster of dwellings). Therefore it is hard to realize a clear overview
of all the dwelling typologies with their respective energy labels and the renovation
measures that should be mandatory. The technological focus will be on single‐family
dwellings between 1946‐1975, which make up more than 20% of the total Dutch housing
stock (CBS, 2012).
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This research will be conducted at BrabantWonen, a housing association in ‘s‐
Hertogenbosch. The tenant survey will be distributed among their tenants. Therefore, the
scope of this research will be the municipality of ‘s‐Hertogenbosch.
It may also be that not all additional measures for living comfort can be taken into account
because there is a wide array of measures. The conjoint analysis that will be carried out will
consist of the most important additional measures for tenants; these will be elaborated in
chapter 8.
1.4
Expected results
The result of the research should give an advice to BrabantWonen which renovation
measures focused on sustainability and living comfort, are of the most interest for tenants
and/or certain tenant groups with noticeable different characteristics. To get there, policies
will be inspected first, and it is expected that this results in a basic ambition for
BrabantWonen in upgrading their housing stock. Second, renovation measures focused on
sustainability and living comfort will be mentioned and financially calculated, resulting in
acceptable measures for BrabantWonen that are feasible against certain rent increase (and –
not mentioned in this research – the indirect return due to an extension in lifetime). After
this, tenants’ interests and benefits will be analyzed in order to gather data for the survey.
The field research to investigate this will be a survey consisting of some normal questions
about the tenant, their opinion about sustainability and a conjoint choice experiment to
gather the renovation measures data. Finally, these results should lead to renovation
packages focused on certain tenant characteristics that will be advised to BrabantWonen.
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CHAPTER 2: RESEARCH DESIGN
This chapter will describe the research design. First, the research model will be shown,
followed by the methodological justification of the research and the research relevance.
Finally, a reading guide is provided to elaborate the built‐up of this thesis.
2.1
Research model
The research model consists of four parts. First the problem statement, research goal and
design will be elaborated. Then the theoretical part should provide all the input for the field
research, as shown in figure 2.1.
Input: Research goal and problem statement

Analysis of governmental goals and
housing association policies

Analysis of renovation measures
(focused on sustainability and living comfort)

Analysis of tenants’ behavior, interests
and benefits

Tenant survey with a conjoint
choice experiment

Financial calculations of these measures

Output: Packages from the results of the choice experiment and survey
Figure 2.1: Research model

2.2
Methodological justification
Because this graduation project is conducted on a scientific level at the Eindhoven University
of Technology, the methodology used needs to be justified, i.e. the research needs to
explore what it aims to explore and everything is based on facts. First, the graduation
committee operated as guidance throughout the duration of the research in order to ensure
the methodological justification. In the research definition phase they have agreed with the
research subject and objective. Moreover, with them, the method that will be used for the
field research (tenant survey with a conjoint choice experiment) is determined.
2.3
Relevance
First off, research into sustainable renovation has an important social relevance. It
contributes to the task that housing associations have to improve their housing stock to a
higher energetic quality.
The technological focus of the research will be on single‐family dwellings between 1946 and
1975. These dwellings make up more than 20% of the Dutch housing stock (CBS, 2012) and
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are known for their poor energetic quality (SenterNovem, 2007), and therefore of great
importance when housing associations need to fulfill the sustainability task they have.
The research will be conducted at BrabantWonen, a housing association in ‘s‐
Hertogenbosch. Almost 25% of their housing stock consists of the dwelling type mentioned
above. Moreover, they have never practiced rent increase after renovation; therefore they
could benefit a lot from this research, especially with the new policies that will be
implemented in 2013, determined by the Rutte‐II administration.
This research is able to investigate the relevance of tenant participation in sustainable
housing renovation and providing a certain freedom of choice in renovation measures. This
can lead to new insights for housing associations and can also serve as a guideline for future
research into more detailed costs‐benefit analyses (for housing associations) and where
there can be obtained gains in regards to tenants and their way of thinking. Moreover the
research covers a very relevant social issue, namely the renovation process in benefit of the
sustainability task of housing associations and tries to improve this process.
2.4
Reading guide
The first part of the research will consist of a theoretical research into policy plans (chapter
3), housing associations (chapter 4) and BrabantWonen in particular (chapter 5). Second, a
technical study of sustainable renovation measures will be done in chapter 6, together with
the financial costs/benefits calculations. After this the tenants’ perspective is elaborated in
chapter 7, ranging from tenants’ interests, benefits, restraints, behavior and a paragraph
about changing the attitude.
Chapter 8 will define the research focus and design, followed by the composition of the field
research (survey). In chapter 9, all research methods will be discussed, followed by the
research results in chapter 10. Chapter 11 will discuss the final conclusions, discussion and
recommendations for future research, housing associations and BrabantWonen in particular.
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CHAPTER 3: SUSTAINABILITY
Before the research into the sustainability of the existing housing stock can be conducted,
this chapter will elaborate the concept ‘sustainability’ as we know it in modern day society
and what the importance of this concept is.
3.1
Definition of sustainability
Sustainability is a concept that cannot be denied in modern society. However, it is a very
broad concept. It refers to tangible things, such as the context of this research (‘the
sustainability of the existing housing stock’), but also to intangible things, such as a human
life, or society.
Sustainability as a popular topic came to fruition in 1987 when it came on the political
agenda worldwide after the publication of the UN report “Brundtland”. At that time the
definition of sustainability was:
"Sustainability is meeting the needs in the present without compromising the ability
of future generations to meet their own needs."
Sustainability referred to three issues, namely:
1. Securing the environment;
2. Economic growth, in which third world countries can equally grow as developed
countries;
3. Social order, in other words: narrowing the gap between poor and rich.
The main message of these three targets is that sustainability means that there has to be
balance on earth so that the pressure on fossil fuels will diminish gradually.
In the late 1990s, the scale on which sustainability was focused shifted from a global to an
enterprise level. This was due to the introduction of the ‘triple‐P’: People, Planet, Profit. In
other words: entrepreneurship should be based on economic profit, in respect to People
(social aspects) and the Planet (environmental aspects). After all, without economic growth
there will be no room for extra investments in People and Planet. Eventually, Prosperity was
introduced as a fourth P, that follows up the P for Profit because Profit should lead to the
distribution of prosperity. (Stevens, 2010)
During the UN World Summit on Social Development 2005, Profit was replaced by
‘Prosperity’. In this research, sustainability will be used in the context of sustainable real
estate renovation. Therefore, again, a fourth P can be added to the model, the P for Project.
With this component, the spatial quality of real estate will be related to the other three Ps.
This environment‐Tetrahedron is developed by prof. ir. C.A.J. Duijvestein.
Within this research, sustainability will be used in terms of sustainable energy use. This
means the energy demand of the building environment will be efficiently reduced and
renewable energy sources will be used as much as possible. Renewable energy is generated
from wind, waterpower, sun and the use of biomass. (Duijvestijn, 2012)
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3.2
International and national policies
As mentioned in the introduction and paragraph 3.1, sustainability is a hot topic in policies
worldwide and in this case in Dutch policy plans. It is of great importance to secure the
future of our planet. It has both its impact on the current CO2‐emission and the use of fossil
fuels such as gas and oil. Figure 3.1 shows the constantly rising pressure on fossil fuels the
last decades.

Figure 3.1: Energy consummation 1850‐2008 (Grübler, 1998)

The European Union has set ambitious goals to reduce CO2‐emission in 2020 by 20% in
comparison to the 1990 level, and that 20% of the energy generation comes from
(renewable) natural sources. (Wesselink et al, 2008)
The Dutch government has adopted these goals and introduced the ‘Schoon & Zuinig’ policy
plan (Dril, 2009) in 2007, which eventually got published in 2009. They even intensified the
EU‐ambitions by demanding a 30% CO2‐reduction in 2020. The generation of energy from
sustainable natural sources was also set at 20%. The policy plan, which has no compulsory
function, stated that to reach these goals, further smaller additional plans that are obligatory
should be composed.
For sustainable energy to compete in the long term (2050 and thereafter) against ‘gray’
energy, innovation is necessary. Therefore, the government encourages research about new
energy sources research with the Stimuleringsregeling Hernieuwbare Energie, (SDE+) and
the topsectorenaanpak (top sector approach). To be the leader in development of
sustainable energy technologies is preferred for the Dutch competitive market situation. As
mentioned before, this will create less dependency on other countries and on fluctuations of
the market for fossil fuels. In addition, innovative sustainable energy technologies can be
exported. In December 2012, minister for Economic Affairs Henk Kamp formulated a letter
to the Tweede Kamer, stating the SDE+ will be maintained besides all cutbacks and the goal
is to have 16% of the energy consumption come from sustainable sources in 2020. (Kamp,
2012)
3.3
Policies in Noord‐Brabant and ‘s‐Hertogenbosch
The province of Noord‐Brabant has formulated an Energy Program 2010‐2020 in 2010. This
program picks up on the EU and Dutch policies that are mentioned in paragraph 3.2. It
actually is a document that provides advice to parts of the province and municipalities to

14

Convincing tenants to participate in sustainable renovation
make use of sustainable solutions in energy generation and consumption. Moreover, it
provides an action plan which describes the monitoring of energy consumption for example
and the formation of an Energy Platform. The Energy Program does not mention specific
goals but it does indeed state that the sustainability in energy consumption is high on the
province’s agenda.
The municipality of ‘s‐Hertogenbosch in which housing association BrabantWonen is active
and where this research will be conducted, has their future sustainability plans listed in the
Energy and Climate Program 2008‐2015 (Gemeente ‘s‐Hertogenbosch, 2008). This Energy
and Climate Program 2008‐2015 has one important goal: that the municipality will be energy
neutral in 2050. This policy document describes all the actions that have to be taken until
2015 to achieve this goal. However, it also mentions the substantiation of these actions and
it gives a long‐term vision together with a sensitivity analysis until 2050.
Their plans follow the three steps of the Trias Energetica, as shown in figure 3.2. First of all,
the built environment is mentioned in forms of the reduction of energy consumption. The
municipality has made a distinction between their own municipal real estate, the existing
housing stock, the to‐be constructed housing stock, sustainable energy, business real estate
and traffic.

1
2
3

1.

Reduce the demand for energy

2.

Use sustainable sources of
energy

3.

Produce‐ and use fossil energy
as efficiently possible

Figure 3.2: Trias Energetica

For the existing housing stock, the most important motive to improve the average
sustainability level is the increasing energy prices. The total amount of energy costs for
households in ‘s‐Hertogenbosch was € 120 million in 2008 and is estimated to get doubled in
2018.
The municipality has set the following ambitious goals:
 Trying to upgrade a yearly total of 1.200 to 1.500 dwellings to energy label B;
 Reduce the energy use per household with at least 10% until 2015.
To achieve these goals the municipality set a list of measures that have to be taken. These
are not very specific but give a good insight in the willingness of the municipality to address
the existing housing stock. For instance the development of a city‐wide energy vision,
agreements with housing associations to achieve the renovation goal of 1.200 to 1.500
dwellings per year, and pilots to improve advice and information towards tenants and
house‐owners in regards to sustainability measures. The agreements with housing
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associations active in the municipality of ‘s‐Hertogenbosch are elaborated in more detail in
paragraph 4.2.
3.4
Conclusion
This chapter tried to answer the first part of the following sub question as formulated in
paragraph 1.2:
What are the political objectives related to sustainability and how does the
renovation policy of housing associations in general cope with these objectives?
Sustainability is necessary in order to keep our planet livable for generations to come.
Because humanity has exhausted fossil fuels the last century, a whole new mindset is
created since the late 1980s in order to green our planet. The built environment is the
biggest energy consumer in the world, and with sustainability goals on a global, national and
regional level this consumption should be reduced. At this moment the end goal for EU‐
policies is 2020, however with the current investment speed this is very hard to reach.
Moreover, the municipality of ‘s‐Hertogenbosch tries to be energy neutral in 2050, and has a
policy until 2015 to obtain the necessary progression. For the built environment, the goal is
to upgrade a yearly total of 1.200 to 1.500 dwellings to energy label B and reduce the energy
use per household with at least 10% until 2015.
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CHAPTER 4: HOUSING ASSOCIATIONS
This chapter will describe housing associations, their role in the Dutch housing sector and
what their sustainability tasks are to cope with national, regional and local goals.
4.1
Introduction
Housing associations are real estate management and development organizations that in the
first place provide social housing for the ‘primary target group’: households with a combined
income of less than € 34.000 per year, people that require healthcare and those with social
problems or issues. Primarily, they have a social function instead of the commercial real
estate organizations that are profit‐driven. On the other hand, they are unique among social
organizations because they have their own capital to fulfill their (housing) tasks. (Os, 2009)
The social function of a housing association is defined in the Besluit Beheer Sociale
Huursector. The BBSH describes six basic performances they have to meet in their business
operations (Aedes, 2012a):
 Maintaining the quality (sustainability) of their housing stock;
 The rentability of this housing stock and the housing of the primary target group;
 Involving tenants in policy making and management;
 Ensuring the financial continuity;
 Taking care of the livability in neighborhoods within the housing associations’ area of
operation;
 Combining and optimizing housing and care.
These six performance fields do not only describe the housing of the primary target group
but also the ensuring of the quality of life in neighborhoods where housing associations are
active. Moreover, the BBSH describes how the (financial) supervision on associations is
regulated. The supervision was never seen as an important aspect of the BBSH, but this
changed in the 2000s when more housing associations appeared in the news negatively due
to different types of financial disorder and self‐enrichment by directors. However, this did
not come as a surprise. Housing associations are balancing between operating a healthy
financial business and meeting with the social tasks that are defined in the BBSH.
In addition to the sustainability task housing associations have, they are also at crossroads
policy‐wise since the last ten years. The traditional business model which is based on the
increasing value of dwellings is not realistic anymore. Due to the absence of a new
(sustainable) business model, housing associations are forced to constantly sell their
dwellings in order to generate sufficient profit. This results in the shrinkage of the social
housing sector. This does not have to be a problem if housing associations only facilitate
their primary target group (lower income groups), however this is not the case anymore
since the 1990s. Nowadays, housing associations have a wider range of tasks and have to
contribute to a flexible housing market in which sufficient choice for tenants plays an
important role. (Dankert, 2012)
Policy changes due to Rutte‐II
After short negotiations, the Rutte‐II administration drastically changed the housing sector
with their plans. However, due to heavy resistance the plans are altered, but still have big
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consequences for housing associations and will affect their financial position even more. As
of February 13, 2013, the measures with the most important consequences are the
following:
 Housing associations can increase rents with 1,5 – 6,5%, dependable on the
household income (the higher the income, the higher the increase);
 Initial plans were to set the maximum rent that can be asked is dependent on a
dwelling its WOZ‐value. Therefore the current WWS would be totally adjusted.
Instead, the WWS remains intact but within three years a new dwelling valuation
system needs to be implemented.
 Housing associations have to deal with an extra ‘letter levy’ of € 45 million in 2013; it
is expected that this levy will eventually increase to € 1.7 billion in 2017, instead of
the initial € 2 billion;
 Municipalities now have direct control over housing associations. Moreover, housing
associations only have to focus on their core tasks (building, maintaining and
renting), municipalities on the other hand are responsible for all ‘housing
transcending’ activities such as the livability in neighborhoods.
These measures all have a certain impact on the workings of housing associations and their
financial situation. The most notable measure is the control over associations, which lies
now in the hands of municipalities. It means that the playfield of associations will be
narrowed down to just their core business. Cooperation with municipalities will change to
control by municipalities.
Housing rents can be increased significantly, which seems as an impulse for an association’s
direct cash flow. However, these extra incomes will be skimmed of directly by the
government through the extra ‘letter levy’. Therefore the investment space of housing
associations will decrease immediately, resulting in an increasing pressure on the daily
business operations. This has direct consequences for construction and maintenance
budgets of housing associations. More about these consequences for BrabantWonen in
paragraph 5.2.1.
More positive for housing associations and home owners is, that measures that improve the
energy efficiency of a dwelling no longer cost 21% VAT but 6% VAT. This should improve the
construction sector and reduces investments for housing associations with 15%. This change
is not included in the calculations in chapter 6. (Rijksoverheid, 2013)
4.2
To a sustainable business model
Housing associations are literally forced to alter their business model, even more after
recent political developments. Many housing associations are currently focusing on cost‐
reduction by cutting on operating expenses and trying to sell more dwellings than usual.
These measures are taken to ensure that the financial return of housing associations will be
back above the convenient minimum. Despite this, new business models are gradually
formulated in which the sustainability of the existing housing stock plays an important role.
First of all the existing housing stock can be kept at its current value because its life cycle will
be extended (indirect return). Moreover, in less stressed housing markets sustainable
renovation can contribute to the rentability of dwellings because the energy costs will be
significantly reduced and living comfort will be increased. (Borstlap & Donze, 2010)
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Still, the future remains uncertain due to the new regulations. An increase in rent is even
mandatory at this moment due to the ‘letter levy’ as mentioned in paragraph 4.1, regardless
of any improvements to one’s dwelling. However, housing associations with an outdated
housing stock are deemed to focus more on energy saving measures in order to improve
their housing stock (Harms, 2011). Most notably the following improvements should be
implemented, both of which are in accordance with the first two steps of the Trias
Energetica, as shown in figure 3.2:
 The application of better isolation (and ventilation) in dwellings (step 1);
 The application of heat cold storage systems and solar boilers and the re‐use of raw
materials that are becoming increasingly expensive (step 2).
To make housing associations future‐proof so that the existing housing stock can compete
with new dwellings, there has to be thought about new concepts that can contribute to the
renovation process and eventually a new (sustainable) business model (Stipo, 2010).
4.3
Sustainability policies
The sustainability policies housing associations have to cope with can be divided into a
national and regional level (province and municipality).
National
One of these plans is the ‘Convenant Energiebesparing Corporatiesector’ (Aedes, 2008),
composed and introduced in 2008 by Aedes, the Woonbond and the (former) Ministry of
VROM and WWI. It states that the gas consumption of the existing housing stock should be
reduced by 20% in 2018. Moreover, all dwellings should be upgraded to energy label B or
with at least two energy label steps. In addition, the energy label of a dwelling should be
implemented in the dwelling valuation system (WWS), which means that the rent will be
dependent on the degree of sustainability of the dwelling. The latter is already in force since
July 2011. One of the important aspects of this covenant is that all parties involved have the
explicit intention to achieve these goals. However, monitoring showed that with the current
efforts these goals will not be reached. Therefore an intensification of the program is
necessary.
Noord‐Brabant & ‘s‐Hertogenbosch
The municipality of ‘s‐Hertogenbosch has made agreements in 2006 with the two largest
housing associations (Zayaz and BrabantWonen) in the “Convenant Energiebesparing in de
bestaande bouw regio ‘s‐Hertogenbosch” (Gemeente ‘s‐Hertogenbosch, 2008). This
covenant between the municipality and the most important housing associations in ‘s‐
Hertogenbosch and surrounding municipalities consists of seven ambitions between all
parties involved. The most important ambitions that are still relevant to include in this study
are:
 The application of energy‐saving measures during major renovations;
 Improvement of the communication to tenants about energy‐saving measures
and qualities.
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4.4
Conclusion
This chapter tried to answer the second part of the following sub question as formulated in
paragraph 1.2:
What are the political objectives related to sustainability and how does the
renovation policy of housing associations in general cope with these objectives?
Housing associations are very complex semi‐governmental organizations that own a relative
large part of the Dutch housing stock. At this moment, the social housing sector has to cope
with many changes. Steering by the government and local government has not always been
successful, resulting in many associations that took (too) many risks. Due to the economic
climate, many housing associations are in financial problems but still have to work on their
housing stock in regards to enough choice for citizens, good maintenance of dwellings and
the sustainability. Therefore, new sustainable business models should be considered that
can cope with governmental goals and the financial security of the organization.
The sustainability of the housing stock, in order to maintain the value of the total stock,
could be an important aspect of such a new business model. On a national scale, the social
rental sector has to comply with the ‘Convenant Energiebesparing Corporatiesector’ which
describes that the gas consumption of the existing housing stock should be reduced by 20%
in 2018 and the energy labels of all social dwellings should be on an average level of label B
in 2018. On a municipal level (‘s‐Hertogenbosch), the national goals have been adopted and
additional advice is given to housing associations. First, major renovations should be
accompanied with the application of energy‐saving measures and the communication to
tenants about energy‐saving measures and behavior should be intensified.
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CHAPTER 5: BRABANTWONEN
Chapter 4 has defined housing associations, their current goals, obstacles and financial
difficulties. Now, BrabantWonen, a medium‐sized housing association where this research
will be conducted, will be elaborated next.
5.1
Organization
Housing association BrabantWonen is active in the north‐eastern region of Noord‐Brabant,
mainly in the municipalities of ‘s‐Hertogenbosch and Oss. BrabantWonen originates from the
merger between housing association St. Willibrordus in Oss and the municipal housing
service of ‘s‐Hertogenbosch, Stichting Hertoghuizen. Currently their portfolio consists of
around 15.000 dwellings in total.
They operate as one organization, but the organization is still split into two independent
departments: ‘s‐Hertogenbosch and Oss. This research will focus on the ‘s‐Hertogenbosch
department. Besides both departments, BrabantWonen has a few different daughters, such
as BrabantWonen Maatschappelijk Vastgoed, which develops and manages all social real
estate and BrabantEnergie, which is the organization behind the generation of energy on a
neighborhood level.
BrabantWonen sees it as their task to take great responsibility in how living in both ‘s‐
Hertogenbosch and Oss takes shape. Their mission is “The thriving force behind good
housing and living”. The accompanying vision is “Together we can make a difference”. This
means that BrabantWonen is not only there to provide and maintain good social housing,
but also tries to improve neighborhoods, together with their tenants, and good facilities for
those that need healthcare and well‐being.
BrabantWonen follows three core values:
 With respect for people and environment. BrabantWonen sees sustainability in the
broadest way as one of their core values. Not only are they aware of the
environment, but they also see people and their social interaction and well‐being as
important values in their core business;
 Passionately involved in society;
 Open and approachable.
In the current market situation, BrabantWonen is still a financially solid housing association
which means they still have sufficient funds to meet up to their own mission and vision.
However, they are aware of the new regulations and the instable situation of associations in
the direct surroundings so as of 2013, future development and maintenance plans will be
revisited accurately.
Because the research will be conducted among the tenants of the ‘s‐Hertogenbosch
department, an overview of the dwelling characteristics of the housing stock in ‘s‐
Hertogenbosch is given in table 5.1 and 5.2. As described in paragraphs 1.3 and 2.3, the
technological focus will be on single‐family dwellings between 1946‐1975. These take up a
large part of the total dwelling stock of BrabantWonen.
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Type
Single‐family dwelling
Multi‐storey dwelling
Student dormatories
Other (storage/garages, etc.)

Number
3.629
3.214
553
149

Percentage
48,1%
42,6%
7,3%
2,0%

Total rentable dwellings and units

7.545

100%

Table 5.1: Overview of the dwelling typology of BrabantWonen

Building period
Pre ‐ WW II
1945‐1959
1960‐1969
1970‐1979
1980‐1989
1990‐1999
2000 and after
Unknown (for instance caravans)

Number
359
2.378
1.602
447
1.149
697
766
147

Percentage
4,8%
31,5%
21,2%
5,9%
15,2%
9,2%
10,2%
1,9%

Total rentable dwellings and units

7.545

100%

Table 5.2: Overview of the dwellings’ building period of BrabantWonen

5.2
Sustainability policy and objectives
In 2009 BrabantWonen has composed the Policy Plan 2025 (Peperzak & Gier, 2012) which
serves as the main business model until 2025. Part of this Policy Plan is the Energy Policy
which is approved for official implementation in September 2012. This Energy Policy can be
seen as the applicable guideline for the coming future in regards to the sustainability of the
portfolio of BrabantWonen.
Before this policy, BrabantWonen could be seen as a housing association that was
moderately working on sustainable solutions. Standard measures were taken to improve the
housing stock and the same goes for the construction for new dwellings. However, since the
last two years, when the Energy Policy was being formulated, BrabantWonen has focused
more and more on sustainable renovation, now even calling it as one of their core values.
Figure 5.1 shows the energy labeling of the existing stock in percentages of the total stock.
Policy Plan 2025 consists of an analysis of the current portfolio and a research into future
developments. Eventually the following question should be answered: “how does the
current dwelling stock look like and where does BrabantWonen want to go with this
portfolio until 2025?”
BrabantWonen wants their portfolio being valuable (for the tenants) and the value must
remain fixed (for the association themselves). Moreover there’s a social ambition:
neighborhoods will be analyzed to trace social problems that can be solved.
For maintenance on and renovation of dwellings an annual budget will be assigned. In
addition, another € 2 million per year will be reserved for special project with energetic
improvements or for social real estate such as schools or community centers.
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Figure 5.1: energy labels housing stock BrabantWonen ‘s‐Hertogenbosch

Most important of the Policy Plan 2025 in regards to energetic improvements to dwellings is
the Energy Policy. First of all this policy describes a core vision, which states in the beginning
that BrabantWonen has respect for humans and its surroundings, on the basis of three basic
values: their health, economy and ‘dearness’. Moreover, BrabantWonen follows the three
principles of the Trias Energetica as shown in figure 4.1. First reduce the demand for energy
by taking care of the isolation of dwellings and after that use sustainable measures to
generate energy from natural sources. BrabantWonen has chosen to focus on solar and
geothermal energy.
In general, the following goals for 2025 have been formulated:
 All dwellings have at least energy label C and 60% has energy label B or higher. At this
moment, with the current renovation and construction speed, these goals are hard
to fulfill. Moreover, according to Bram Peperzak (former advisor Strategy & Policy)
who is interviewed in regards to the Policy Plan, this amount should be higher to
reach national goals. Therefore it is important for BrabantWonen that the current
production should be expanded. However, due to the new governmental plans this is
hard to obtain.
 Currently BrabantWonen does not charge a rent increase after sustainable
renovation. Their philosophy is that the dwellings will increase in value at the end of
their exploitation period. Moreover, after a mutation the rent price can be redefined
according to the WWS point system. However, this business model is not future‐
proof so the policy department considers implementing rent increase, together with
the living costs approach where households will be informed that the energy costs
will decrease significantly after renovation.
According to Bram Peperzak tenants are very suspicious when it comes to renovation and
rent increase. They are not aware of all benefits and need to be talked over to participate in
large‐scale renovation projects. However, in the future there will be a turning point where
people will be aware of the benefits. Most of the time, a certain trigger is necessary that
persuades the large amount of people that follow after the trend setters. Still, from
experience he is certain that “when the energy savings are € 100 per month, tenants are
willing to pay € 70 more rent per month.”
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Another concern that has been detected and needs attention is the know‐how of tenants in
regards to new sustainable solutions like heat‐cold storage systems (WKOs). They do not
understand the workings of these systems and start to behave more energy consuming
because of the savings they generate with WKOs. Tenants’ attitude towards renovation and
their behavior will be elaborated in chapter 7.
Anticipation on Rutte‐II
Due to the new governmental plans that are proposed on February 13, 2013, Harry
Windmüller, the director of the board of BrabantWonen, reacted with a short statement,
noticing that as long as everything is not elaborated exactly by the government,
BrabantWonen will continue with their current portfolio strategies. However,
BrabantWonen is aware of the drastic changes that will be coming and tries to cope with
them by trying to sell more dwellings than usual in neighborhoods that are not interesting
strategically due to a low amount of dwellings. Moreover, maintenance budgets will be
lower the coming years and all new real estate developments will be analyzed accurately if
they fit within the future policies and market changes.
5.3
Conclusion
This chapter tried to answer the second part of the following sub question as formulated in
paragraph 1.2, but focuses on BrabantWonen as the housing association were this research
will be conducted:
What are the political objectives related to sustainability and how does the
renovation policy of housing associations in general cope with these objectives?
As one of the largest housing associations in ‘s‐Hertogenbosch and Oss, BrabantWonen sees
it as their core task to take care of housing and living in ‘s‐Hertogenbosch. As the old
municipal housing service, the stock of BrabantWonen is rather old and badly maintained;
therefore only since the fusion late 1990s, the existing stock is improved and renovated,
however not specifically in regards to sustainability. Since 2006, BrabantWonen
acknowledges the importance of the sustainability of the housing stock and is investing more
in sustainable measures in order to live up to governmental goals. However, they are aware
of the new plans by the Rutte‐II administration and need to cope with that in order to
maintain a financial healthy housing association. Therefore, BrabantWonen is looking for
new ways to generate direct and indirect returns, such as increasing rent after renovation
projects. This will be elaborated more in the next chapters.
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CHAPTER 6: SUSTAINABLE RENOVATION
BrabantWonen needs to renovate their existing stock in order to keep their stock valuable
and competitive in the future, and to cope with imposed policies and their own sustainability
goals. For this research, BrabantWonen is looking for ways to renovate large‐scale projects
to energy label A+ or higher, with energy label B being the mandatory attainable level. To
define the research scope, the dwelling typology that will be treated in this study will be
discussed first. Second, the definition of the energy labeling system and consequences on
the rent level will be discussed. Finally, all renovation measures will be discussed that are
currently used by BrabantWonen or are of interest for BrabantWonen. These measures will
be complemented with their respective costs and benefits in regards to energy reduction
and energy labeling.
6.1
Dwelling typology
As mentioned in paragraph 1.3, the research will focus on single‐family dwellings from the
period 1946‐1975. These dwellings cover almost 30% of the total housing stock of
BrabantWonen, and around 20% of the housing stock in the Netherlands. (CBS, 2012)
The (technical) quality of these dwellings can be divided in dwellings built before and after
1968. Due to a large quantitative housing shortage after World War II, housing associations
and municipal housing services built a large amount of dwellings in a very quick and effective
way. In this period around 2.5 million dwellings were realized, from which half is owned by
housing associations. Around 770,000 of these dwellings were built before 1968 and 460.000
between 1968 and 1975. (Straub & Vijverberg, 2002)
From 1945 to 1975, the social rental sector mostly developed terraced single‐family
dwellings. Before the energy crisis in 1973, these dwellings were typical dwellings with two
floors, four rooms and a sloping roof, with the space beneath the roof being useless in
dwellings before 1960. Until 1970, the attic could be used but was only available with a
stepladder. All dwellings were built with single glazed windows and moderately to poorly
insulated walls, floors and roofs. Besides the bad to moderate thermal insulation, there are
also many thermal bridges.
The dwellings developed right after WWII are known for their sparing use of scarce materials
like concrete and wood. Since 1960, dwellings were constructed in a more industrial way by
using wide slab flooring and prefab concrete floors. Also, the use of cavity between dwellings
became mandatory since 1960, however no other insulation measures were taken.
Since 1970, the industrial construction wave begins to subside and the use of wall insulation
became more common. Dwellings with five rooms became usual, instead of the four rooms
before 1970. Moreover, all newly constructed dwellings were automatically connected to
the central heating, resulting in more comfort, but also a higher energy bill.
Still, all these dwellings can be defined as minimalistic and effectively built. The floor map is
designed as small as possible and the energy label of these dwellings differ between E, F and
G. Figure 10.1 shows three examples of these dwellings.
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Figure 6.1: Three examples of single‐family dwellings built between 1946 and 1975

In the Netherlands, many of these single‐family dwellings from the period 1946‐1975 have
already been renovated in the period 1985‐2000. However, this is not the case for ‘s‐
Hertogenbosch and BrabantWonen. Due to the merge of the municipal housing service and
Sint‐Willibrordus in Oss late 1990s, the renovation of dwellings in ‘s‐Hertogenbosch was kept
on hold. Therefore, BrabantWonen is renovating these dwellings only since the last ten
years. (Straub & Vijverberg, 2002)
Figure 6.2 shows the insulation penetration of all dwellings before, during and after the
period 1946‐1975. This figure makes it clear that all dwellings after 1975 are insulated the
best. Dwellings built between 1946 and 1966 score the worst on the elements roof, floor and
wall. The lighter colors show all values after extra insulation the last ten years. It also shows
when certain insulation measures became mandatory, such as roof insulation in 1975, cavity
insulation in 1979 and floor insulation in 1983. Moreover, figure 6.3 illustrates the gas
consumption of all dwellings between these periods. All values do not differ a lot from each
other, However, dwellings built between 1965 and 1975 have a high consumption due to its
badly insulated skin and the presence of central heating, which was absent in dwellings built
between 1946 and 1965. (Bogerd, 2009)

Figure 6.2: Insulation penetration of dwellings. Left to right: roof – floor – wall – windows (Bogerd, 2009)
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Figure 6.3: Gas consumption of all dwellings in the Netherlands (Bogerd, 2009)

6.2
Energy labeling system
An energy label shows how energy efficient a dwelling is and what could be improved. More
importantly, since July 2011 it is implemented in the WWS point system so housing
associations can revise the rent in accordance with the applicable energy label. This research
will not cover rent increase after a mutation, but the labeling system will be elaborated to
give an indication what the maximum rent increase could be after a renovation.
Each energy label represents an EPC value range and can be calculated with certificated
software. All energy saving and consuming aspects of a dwelling contribute in a positive or
negative way to this EPC value. Therefore, the EPC value is the most important aspect of
sustainable dwelling. However, with the energy labeling system housing associations can
strategically renovate a dwelling by adding the minimum required measures to improve the
energy label. Table 6.1 shows the EPC‐values per energy label and the corresponding
additional points in the WWS point system. These additional points contribute to a rent
increase which is displayed in the last column, by means of the proportion of the total rent.
It has to be noted that in the social rental sector, the rent cannot rise above € 681,03 per
January 1, 2013. (Aedes, 2012b)
EPC value

Energy label

< 0,50
0,51‐070
0,71‐1,05
1,06‐1,30
1,31 – 1,60
1,61 – 2,00
2,01 – 2,40
2,41 – 2,90
> 2,91

Label A++
Label A+
Label A
Label B
Label C
Label D
Label E
Label F
Label G

WWS additional points
(single‐family dwelling)
44
40
36
32
22
14
8
4
0

Proportion of the
total rent (estimate)
€ 222
€ 202
€ 182
€ 162
€ 111
€ 71
€ 40
€ 20
€0

Table 6.1: EPC‐values with their respective energy label (Aedes, 2012b)

6.3
Renovation measures
Due to a large diversification in dwelling types and building periods, it is hard to come up
with standard measures. A global overview of all measures will be given, applicable on both
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single‐family and multi‐family dwellings. However, the technical part of this research will
focus on single‐family dwellings, from the period 1946‐1975 which are of low or subpar
energetic quality (SenterNovem, 2007). These dwellings cover 29% of BrabantWonen’s
housing stock, and more than 20% of the total housing stock in the Netherlands.
There are many kinds of measures that can be taken for renovation. This paragraph gives an
overview of renovation measures that are regularly used by BrabantWonen and that
contribute to the sustainability goals or the living comfort of the tenant. For convenience
these measures are divided in the following three categories:
 Constructional measures or energy saving measures. These measures are focused on
step 1 of the Trias Energetica and are adjustments to the construction of a dwelling
such as insulation and double glazing;
 Technical (sustainable) measures or energy efficiency measures. These measures are
focused on step 2 of the Trias Energetica and are technical installations such as PV
panels, high efficiency boilers or ventilation systems.
 Measures that do not save energy but are purely for living comfort purposes. For
instance renovating the kitchen, or adding an appendix at the back of the dwelling.
Together with a short description of the measure, an overview is given what the costs will be
to renovate a dwelling as mentioned in paragraph 6.1 and what the average lifetime is for all
measures. These indicators and calculations have been done with the data from
BrabantWonen, with a dwelling which has 66 m2 gross floor space. The costs for all measures
are from BrabantWonen’s maintenance information. It has to be noted that all the amounts
are the total investment costs, i.e. material costs, labor and other accompanying costs.
To calculate the maximum rent increase BrabantWonen can ask for each measure, a
financial calculation model from BrabantWonen is used. The model and an example of a
calculation can be found in appendix 1. The model calculates the linear redemption sum per
month to make each measure feasible in over the total lifetime of 40 years. No extra
inflation and interest ratios are added to the equation. First of all, the rent level will be
revised annually with inflation. Second, the interest costs will be covered by BrabantWonen
and will not be taxed to the tenants. BrabantWonen recognizes their role in society in
regards to the sustainability task, therefore not calculating the full investment over the total
depreciation period to their tenants. It has to be noted that the depreciation period of
energy efficiency measures are 20 or 25 years. In those cases, a reinvestment after this
period is taken into the equation to cover this reinvestment in the rent increase. The
maintenance of these measures is not included in the calculations.
In addition to the costs for BrabantWonen and the potential rent increase that results from
the calculations, the energy savings for a family consisting of four persons will be listed. This
information is gathered from the Energiebesparingsverkenner.nl tool from SenterNovem.
This tool gives civilians a chance to calculate the costs and benefits when applying energy
saving measures to their dwelling. For this research the savings per measure are listed. It has
to be noted that certain measures work the most optimal when combined. For instance,
when insulating a dwelling as good as possible, mechanical ventilation is necessary.
However, mechanical ventilation as a separate measure is not profitable, which can be seen
in paragraph 6.3.2.
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6.3.1 Energy saving measures
This paragraph will elaborate all necessary energy saving measures to a dwelling. Basically
this means insulating the whole dwelling skin and replacing all single‐glazed windows with
HR++ windows. These are the most important measures. Internal floor insulation could also
be mentioned but is left out because when insulating the whole skin, separate floor
insulation is not necessary anymore.
Insulation of walls, roof and floor
In order to cope with the first step of the Trias Energetica, reduce energy need, the
insulation of the dwelling is necessary. Insulation reduces the use of heating, thus resulting
in lower energy consumption of the dwelling. Figure 6.4 shows an example of the insulation
methods. The prices of implementing these measures, along with the average rent increase
and energy savings per month are shown in table 6.2.
Type
Walls
Roof
Floor

Price (per m2)
€ 15
€ 45
€ 25

Lifetime of measure (in years)
Rent increase per month
Energy savings per month

Total investment
€ 3.276
€ 2.379
€ 810
€ 6.465
40
€ 14
€ 45

Difference:
+ € 31

Table 6.2: Overview insulation measures (all prices incl. 21% VAT)

HR++ glazing
Together with insulation of walls, roof and floor, it is important that all glazing of a dwelling
will be improved to HR++ glazing, as shown in figure 6.5 (left) and the calculations in table
6.3.
Type
HR++ glazing

Price (per m2)
€ 450

Lifetime of measure (in years)
Rent increase per month
Energy savings per month

Total investment
€ 2.315
40
€7
€ 20

Difference:
+ € 13

Table 6.3: Overview HR++ glazing (all prices incl. 21% VAT)

Figure 6.4: Examples of insulation of wall, roof and floor
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6.3.2 Energy efficiency measures
Together with the insulation to save energy, it is of great importance that energy efficient
measures are taken to cope with the second step of the Trias Energetica, use sustainable
sources of energy. With these measures dwellings can generate their own energy, resulting
in less fossil energy use by tenants. The following energy efficiency measures are already
used or are of interest for BrabantWonen to use in the future.
Solar PV panels
Solar PV panels generate energy from solar power. The efficiency is dependent of the slope
of the roof and the position of the sloped roof (aimed at the south is the most optimal). For
this research, the total investment costs are equal to 15 m2 2000 Wp panels that fit exactly
on one side of the roof. The savings for such solution are approximately € 30 per month. An
example of PV panels is illustrated in figure 6.5 and the calculations are shown in table 6.4.
Type
PV panels

Price (per m2)
€ 450

Lifetime of measure (in years)
Rent increase (per month)
Energy savings (per month)

Total investment
€ 3.630
25
€ 20
€ 30

Difference:
+ € 10

Table 6.4: Overview PV panels (all prices incl. 21% VAT)

Solar boiler
A solar boiler warms up tap water with solar energy, gathered by 2.2 m2 panels on the roof
connected to a boiler in‐house. An example is given in figure 6.5 and the calculations are
shown in table 6.5. Note: these are the costs excl. the boiler, those are shown under HR107
boiler.
Type
Solar boiler

Total investment
€ 2.033

Lifetime of measure (in years)
Rent increase per month
Energy savings per month

25
€ 11
€ 16

Difference:
+€5

Table 6.5: Overview PV panels (all prices incl. 21% VAT)

Figure 6.5: Examples of HR++ glazing, PV panels, solar boiler and a heat pump
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Heat pump
A heat pump, or a hot‐cold‐storage, uses global heat from the ground or water, and warms
up a dwelling. Moreover, when the dwelling is cooled, the heat is being stored back in the
ground for later use. An example is given in figure 6.5 and the calculations are shown in table
6.6.
Type
Heat pump

Total investment
€ 14.520

Lifetime of measure (in years)
Rent increase per month
Energy savings per month

20
€ 75
€ 37

Difference:
‐ € 38

Table 6.6: Overview PV panels (all prices incl. 21% VAT)

Mechanical ventilation (Ecolution)
An Ecolution system is a combination between a heat pump and a mechanical ventilation
system. First, the mechanical ventilation ventilates the dwelling. When it is too warm, the
Ecolution gathers the warm air and uses it for tap water. The calculations are shown in table
6.7. Mechanical ventilation does not safe any energy, it improves the living comfort. The
Ecolution however, is the energy saving measure, by re‐using the warm air.
Type
Ecolution (with mech. vent.)

Total investment
€ 4.356

Lifetime of measure (in years)
Rent increase per month
Energy savings per month

20
€ 23
€ 16

Difference:
‐€7

Table 6.7: Overview PV panels (all prices incl. 21% VAT)

HR107 boiler
The HR107 boiler is the most common used HR boiler by BrabantWonen when replacing an
older VR boiler. The calculations are shown in table 6.8.
Type
HR107 boiler

Total investment
€ 2.735

Lifetime of measure (in years)
Rent increase per month
Energy savings per month

20
€ 14
€ 20

Difference:
+€6

Table 6.8: Overview PV panels (all prices incl. 21% VAT)

6.3.3 Measures to improve living comfort
The following measures improve the living comfort but do not save energy or use efficient
energy sources. They will be listed briefly to give an indication what the return on
investment is when this will be fully taxed to the tenant. Moreover, it shows what measures
are realistic for BrabantWonen to apply in regards to financial feasibility. Calculations have
been done with a standard lifetime of 40 years for all measures.
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Renovation of kitchen: The total costs are € 4.900 to renovate a kitchen. The rent
increase would be € 10 per month;
Renovation of sanitation: The full renovation of bath room and toilet costs €
8.470. The rent increase will be € 18 per month;
Adding 6 m2 extra floor space on the ground level: The costs are an indication,
because BrabantWonen never renovates with these measures. The costs are
indicated on € 17.500. Therefore, the calculated rent increase will be € 36 per
month;
Adding a dormer on the roof. These costs are calculated on € 2.500. The rent
increase would be € 6 per month.

6.4
Rent increase comparisons
Now all conventional renovation measures are elaborated, an example will be given what
the total costs for BrabantWonen will be, how much rent increase is necessary to fully
recoup all investments within their respective depreciation periods and what the savings per
month for a four persons household will be. Moreover, the maximum rent increase after
renovation will be compared with the energy label increase and the accompanying
maximum rent points according to the WWS. This is not mentioned per separate measure
because the EPI value, and thus the energy label, can only be calculated when all measures
are applied together.
First, the possibilities for housing associations to increase the rent will be discussed to give a
clear picture what is possible legally and to which financial extend. At this moment the rent
can be increased the following ways (Weevers & Go, 2010):
 Annual rent increase, equal to the inflation level and maximized by the BBSH;
 After a tenant mutation, the rent can be revised in accordance with the WWS point
system, as shown in paragraph 6.2. This system will change within three years, after
the new agreement for the housing market will be implemented later in 2013;
 After dwelling renovation that contributes to a higher living comfort. In this case, the
rent increase should be reasonable. This means that the increase cannot be higher
than the investment divided over the full depreciation time of the investment (most
of the time between 20 and 40 years, i.e. 240 and 480 months). Moreover, the rent
cannot transcend the maximum rent level that is defined with the WWS point
system. However, in 2010, rents in the social sector were only at 70% of the
maximum, so there is room to increase the rent.
To calculate this possible rent increase and the accompanying energy saving costs per month
after a renovation, the information from Energiebesparingsverkenner.nl will be used. As
example, a typical single‐family dwelling from the building period 1946‐1965 is taken that
has not been renovated since, in accordance to the research focus as mentioned in
paragraph 6.1. The calculation is shown in table 6.9. It illustrates the comparison between
the ‘current’ situation and the situation after renovation.
The total investment costs for BrabantWonen for one dwelling are € 32.169 incl. 21% VAT
and excl. additional costs. Table 6.9 shows the maximum rent increase BrabantWonen can
ask after renovation and also shows the energy costs savings per month for an average four‐

32

Convincing tenants to participate in sustainable renovation
Current situation
Insulation
Glazing
Installations
Ventilation
PV panels
Living spaces
Energy label

Poor/moderate
Single glazing
VR boiler
Natural
None
Outdated
E

Situation after
renovation
Good
HR++ glazing
HR‐combi + solar boiler
Mechanical
15 m2 panels
Renovated
A

Rent increase
(per month)
€ 14
€7
€ 25
€ 23
€ 20
€ 28
€ 117

Savings
(per month)
€ 45
€ 20
€ 36
€ 16
€ 30
€0
€ 147

Table 6.9: Overview of energy label gain

person household in the Netherlands. After the renovation, such families could safe € 30 per
month. Moreover, BrabantWonen can increase the rent with € 117 per month.
Finally, the gain in energy label steps is shown in table 6.9, to calculate the maximum rent
increase after a tenant mutation. The dwelling will go from energy label E to A, resulting in
28 extra WWS points, which equals a rent increase of € 142 per month.
6.5
Conclusion
This chapter tried to answer the following sub question as formulated in paragraph 1.2:
What are the technological and financial preconditions to ensure high‐end
sustainable renovation of the existing housing stock that are acceptable for the
housing association?
First of all the research scope has been defined by the dwelling typology that will be used in
this research is defined. After that, the energy labeling is explained and what an increase in
energy label has on the monthly rent increase according to the WWS. Finally, all renovation
measures used or of interest of BrabantWonen are described and calculated in terms of
costs and benefits and an example is given what is possible for BrabantWonen in terms of
rent increase after a renovation.
To keep the research scope clear, only common renovation measures are taken into
account. Still, most of these measures contribute to an energetically better dwelling and a
decrease in energy costs for an average four‐person household. Moreover, the ambition of
this research is to renovate dwellings to energy label A, to keep the existing and outdated
dwelling portfolio competitive with newly constructed dwellings.
The calculations show that certain measures contribute a lot to the savings, and others less.
For instance, the heat pump is very expensive and therefore there will be no return in 20
years (its theoretical lifetime). Moreover it has to be noted that all these measures should be
implemented together to gain the most savings. For instance, mechanical ventilation only is
of use when the dwelling is fully isolated. The calculation example for a full renovation that
is given in paragraph 6.4 shows that the sing‐family dwellings that are mentioned in
paragraph 6.1 can be renovated up to energy label A, resulting in a maximum possible rent
increase of € 117 per month. In addition, the energy savings will be € 147 per month,
resulting in a profitable situation for both housing association and tenant. This amount does
not differ much with the rent increase after a mutation, which is € 142 per month. Still it has
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to be noted that there are maximum rent levels specified by the government in order to
keep the dwellings within the social sector. This is described in more detail in paragraph 7.1.
In 2013, the limit is € 681,02 per month.
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CHAPTER 7: TENANTS’ PERSPECTIVE
In the private owner‐occupied housing market, dwelling owners can decide themselves if
they want to renovate their dwelling to a smaller or larger extent. To reduce costs, a mutual
cooperative can be engaged with neighbors or other residents, but the dwelling owners still
have full control in the nature, period and conditions of the renovation. However, housing
associations (as the owner of the dwelling) have to cope with the involvement of their
tenants (the residents). Renovation can only be executed when 70% of the tenants agree to.
To get as much agreement as possible, the renovation conditions and measures need to be
discussed with and clarified to all tenants. Nowadays many housing associations, including
BrabantWonen, implemented the ‘participation of the tenants’ in the organizations’ core
values. Not in de least because it is recorded in the BBSH, thus they are obliged.
In the past, extensive research has been done into household’s behavior in regards to
housing renovation, the attitude towards sustainable solutions and the willingness to agree
with these measures to ones dwelling. In addition, there has been done research to housing
owners and tenants, and the willingness‐to‐pay for energy‐saving renovation measures.
Paragraph 1.1 describes the benefits for tenants when agreeing to housing renovation.
These benefits and other (social and financial) interests will be elaborated first. Next, the
renovation process at BrabantWonen will be explained and how and when tenants have
influence during this process. After this, tenants’ restraints towards renovation and how this
attitude can be influenced by housing associations will be discussed. Finally, the concept
‘choice’ as a trigger to participate will be mentioned shortly. In which way choice can be
introduced to convince tenants to participate?
7.1
Tenants’ benefits and interests
Besides the positive effects for housing associations after large‐scale renovation such as
achieving the sustainability goals and the improvement of their portfolio, almost all benefits
can be assigned to the tenants, the so called split‐incentive (see paragraph 1.1). These
benefits can be roughly divided into two groups, which are shown in table 7.1 and
elaborated on the next page, together with some additional interests for tenants.
Tenants’ benefits after renovation
Reduction in living costs
Lower energy costs
Higher living comfort

Healthier indoor environment
Extension of the living space
Improvement of kitchen and sanitation
Improvement of the dwellings’ safety
Improvement of the surrounding living environment
Lifelong durability of the dwelling

Environmental

A more energy efficient living environment

Table 7.1: Tenants’ benefits after renovation (Based on: Werf, 2011)
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Financial benefits
The reduction in living costs can be seen as a generally accepted benefit for all tenants. In
the owner‐occupied sector, the owner of a dwelling has both the financial benefits and
burdens. This is not the case for the social sector where the housing association finances the
renovation, and the tenant benefits from it with a lower energy bill.
Therefore, a rent increase after renovation should be common. Still, this is not the case. In
paragraph 6.4 the ways for a housing association to increase the rent after renovation are
already described in more detail.
It has to be noted that after rent increase, tenants benefit even more because in most cases
the rent supplement increases. The rent supplement a tenant receives is dependent on their
income, household composition and the rent level itself. The calculation of the rent
supplement is associated with certain rent levels such as the basic rent level and the capping
limit. The maximum rent in 2013 for rent supplement is € 681,02 per month for tenants
older than 23 years. When the rent supplement increases due to a rent increase after
renovation, this justifies this increase by housing associations even more.
Living comfort
All benefits (or in this case interests) that involve a higher living comfort are only of
importance for certain tenant groups. For instance, the lifelong durability of the dwelling will
most likely not be seen as an important interest for households under the age of 55. In
addition, the extension of the living space or the improvement of kitchen and sanitation are
dependent on the household’s current situation and their size. As an example; young
households that are not at home very often do not necessarily want a larger living space.
This is also dependent on one’s income and their perception of comfort.
Still, all these benefits are of importance to the ‘reasonability’ of the rent increase and
therefore of interest for both tenants and housing associations.
Environmental benefits
The environmental benefits are the benefits that are of least importance for residents.
Primarily, the more environmental minded people and idealists take these benefits into
account. Environmental benefits are not particularly focused on the well‐being of one
individual but more on their social and environmental conscious. For instance, the feeling
that their dwelling consumes less energy – and therefore helps to green the environment –
works positively on their conscious.
Additional interests
The interests that tenants have, are introduced by the residents committee during the
preparation phase of the renovation. Most of the time these interests correspond with the
benefits as mentioned in this paragraph, but there are also interests that are not necessarily
beneficial for a tenant but reduce the unpleasantness associated with renovation.
Most interests are already mentioned, from having a say in the renovation process, to lower
livings costs and an improvement in tenant specific living comfort. Another important
interest that has not yet been mentioned is the nuisance that accompanies a renovation
process (Werf, 2011).
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At this moment, BrabantWonen always renovates dwellings in populated state, resulting in a
period of nuisance for the tenants. There has been discussion that tenants should move out
a certain period of time, so that the renovation process can be accelerated. This however, is
not yet tested among residents.
Most of the time nuisance is not desired by tenants, especially when people are at home
most of the time, such as the elderly. Therefore, good agreements and a thorough planning
have to be made in order to let people live their daily lives as good as possible. For instance,
every aspect of their dwelling should be renovated after each other so that the access to the
dwelling or certain compartments are still sufficient. Moreover, when installations such as a
boiler are replaced, the nuisance should not be longer than one day. However, due to this
period of nuisance BrabantWonen has agreed with the municipality of ‘s‐Hertogenbosch and
all housing associations in this municipality to compensate the nuisance with an
‘inconvenience fee’. This fee is dependable on the time the dwelling is not fully acceptable.
For instance, three weeks nuisance equals approximately € 1.000.
7.2
Tenants’ involvement and participation
The benefits and interests mentioned in paragraph 7.1 are all based on the situation during
or after renovation. However, these interests can only be taken into account when tenants
are involved in the preparation and planning phase of the renovation process. Moreover,
when (choice in) renovation packages will be presented to tenants, this has to happen in an
early phase. Tenants’ involvement before and during the renovation process will be
explained in this paragraph on the basis of existing literature and an elaboration of the
current renovation process at BrabantWonen.
Theoretical
According to the BBSH, housing associations are required to involve tenants in the policy
making process, as mentioned in paragraph 4.1. This is concretized by the government with
the ‘Consultation Law’. Still, this policy demand can be broadly interpreted. In an ideal
situation, housing associations can approach their tenants as valuable resources that know
what is going on in neighborhoods and local society. On the other hand it is plausible that
too much involvement by tenants can lead to lengthy decision‐making. Therefore, the level
of participation and involvement of tenants needs to be considered extensively. From a
tenants’ perspective, participation will probably lead to a higher satisfaction level and
therefore an easier progress during the process.
Hofman (2000) describes the levels of involvement in a ladder model. The higher tenants are
up the ladder, the more responsibility they have. More importantly, Hofman declares that
tenant participation is common among housing associations but that the reasons to involve
tenants are most of the time based on their own interests. The following excerpt from a
policy plan of a housing association describes this unilateral approach:
“…increases the involvement of tenants in the decision‐making process and reduces
their resistance, …broader support increases project success, …due to more
involvement, future project investments will be more profitable.”
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In this excerpt, the benefits for tenants are not described, they are only focused on the
association itself. Hofman roughly describes four motives for housing associations to let
tenants participate in a project:
1. Maximizing the quality of a project plan (more insights and knowhow from tenants
of the specific plan);
2. Practical reasons (tenants have ‘street knowledge’, more participation could result in
a faster ‘get things done’ mentality);
3. Strategic reasons (purely based on their own interests: time and profit;
4. Respond to the social responsibility of all participants involved (tenants should be
considered as the co‐makers of the society, by the housing association).
The housing association responsible for the excerpt above is clearly using tenant
involvement for strategic reasons (motive 3). In comparison with the other three motives:
The idealists would choose motive 1, pragmatic process managers would go for motive 2 and
the associations that are focused on society and residents role in society will most likely pick
motive 4 as their core value.
From a tenant perspective two motives can be distinguished. When tenants are getting
involved, both motives are focused on profit. First there is the motive to contribute to a
better neighborhood, second there is a personal motive: certain tenants want to have a
feeling of recognition, involvement, personal development, retaining power, and so on.
(Hofman, 2000)
According to Rimmelzwaan (2012), participation is necessary but can also have adverse
effects. First of all, more tenant participation can result in higher costs and more work effort
by employees. Moreover, it can be time consuming. The more parties involved, the more
interests have to be weighed out with each other. This indirectly results in the loss of
participants that become tired of the (dragging) process.
Another important negative aspect is the NIMBY effect, which means that tenants do not
always choose for the most general accepted measures, but tend to choose for their own
interest. Besides this, the subject matter can be too vague for tenants, resulting in the choice
for conventional measures.
One of the most important negative aspects in regards to tenant participation is their
restraint towards (semi‐)governmental institutions such as housing associations. When
higher institutions try to ‘sell’ something, people are suspicious in advance, assuming that
they will be disadvantaged anyhow. (Rimmelzwaan, 2012)
Lastly, tenants tend to ask for infeasible measures and demands that are most of the time
short‐minded. However, with high‐end renovation projects, housing associations have a
long‐term view by extending the lifetime of a dwelling with at least 40 years. When the
tenants’ involvement is considerable, this could provide disagreement in vision. Therefore it
is not always desirable to empower tenants’ participation in such projects. (Werf, 2011)
Another important aspect of tenant participation is the moment of involvement and the
duration of the involvement. This has its consequences for the degree of involvement and
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the satisfaction among tenants. First of all, involvement in an early stage of the project
results in more influence (or the perception of influence), which results in a higher
satisfaction level and less resistance during the renovation process. On the other hand, when
tenants are getting involved in a later stage, they will feel powerless and will most likely
frustrate the process. That is why it is recommended to keep the project target time as low
as possible. (Crone & Noorman, 2004)
It can be concluded that it is very important to decide to which extent tenants can
participate in the decision‐making process, besides the legal obligation that there has to be
participation in the first place.
In practice: participation at renovation projects
As mentioned in the introduction, housing associations are legally obliged to involve tenants
in the decision‐making process through the BBSH and ‘Consultation Law’. This however is
primarily intended for the general policy plan and the portfolio policy. BrabantWonen
already mentioned in their mission and vision description that they are acting ‘in
cooperation with their tenants’. Through the tenants’ Central Interest Group this
cooperation is reflected in the policy plan.
In large‐scale renovation projects, the first time tenants are involved is during meetings
between the association and resident committees. In theory, these residents committees
should constitute a representative sample of all residents, but in practice this is not the case.
Experience of BrabantWonen shows that usually the (educated) white, older Dutchmen
participate and that it is difficult to reach younger (full‐time working) people, non‐western
immigrants and the elderly that are very short‐term minded. After these meetings with
resident committees, a survey is distributed to all tenants to ask them about the satisfaction
of (parts of) their dwelling and neighborhood. The results of the survey will be compared
with the planned measures so BrabantWonen can alter their plans in accordance with their
tenants. This is crucial, because after the survey tenants expect results that correspond with
their answers. If these results are desirable, this automatically creates more capacity among
tenants.
Finally, the actual plans need to be presented to all residents, after which the mandatory
70% participation level has to be achieved. Through informational meetings, leaflets and
house‐to‐house visits all plans will be presented. At this moment, only for very specific cases
adjustments are possible.
During renovation, project supervisors and district workers are in the neighborhood to serve
as the first contact for questions and complaints. Again, in very specific cases tenants can
alter plans due to demonstrable miscommunication in the preparatory phase.
7.3
Tenants’ resistance
High‐end renovation has benefits for both tenant and association. These benefits can even
be increased when the housing association finds a good balance between tenant
participation, feasibility for the housing association and the final satisfaction of both parties.
However, as mentioned in paragraph 7.2, tenants are very restrained when it comes to
(sustainable) renovation to their dwelling. This could be related to a natural restraint against
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interference in their lives by (semi‐)governmental institutions such as housing associations.
Dijkstra & Brouwer (2010) distinguish several other reasons why people have restraints
against housing renovation:
 A change in situation. Most tenants do not like change, because it arouses a feeling
of uncertainty;
 Radical renovation projects ask for patience from tenants due to a period of nuisance
in their dwelling. This nuisance is not always desirable, especially when tenants are
expected to move out of their dwelling for a short period of time;
 The tenant does not want to agree because he assumes that the measure is not
effective enough and is not the best solution to improve his or her dwelling;
 The chosen measures are not found realistic by the tenant. For instance, the costs
and nuisance are disproportionate in comparison to the benefits;
 The tenant finds the associations’ policy not justifiable. For instance, he or she
disagrees with the proposed increase in rent after renovation.
Especially the last reason is considered an important issue by BrabantWonen to treat in this
research. As mentioned in paragraph 1.1, BrabantWonen has never practiced rent increase
after renovation, but feel the necessity since it is vital for a sustainable business model in the
future.
Schillemans et al (2006) also described restraints from tenants towards renovation, but
focused on the tenants behavior towards sustainability and energy savings. They too
mentioned the long period of nuisance or moving‐out that causes many households to not
participate. Moreover, they highlight the basic disinterest in the environment and the urge
to change humanities behavior. Also from a financial point of view, the relative wealth by
certain tenants is an issue. Some tenants do not think the rising energy costs are a big
problem for them when the renovation will not take place. Another important issue is the
aesthetics of the dwelling: tenants are reluctant to large sustainable installations inside their
dwelling. In addition, tenants are still not convinced that all sustainable measures contribute
to a healthier indoor environment. They also tend to have knowledge issues: tenants have
no knowledge about their energy bill, and will probably have a hard time operating
sustainable installations if no advice is given.
Restraints do not only come from tenants, but can also come from others, most notably the
nearby home‐owners. In many cases, neighborhoods in which housing associations are
active do have private owned housing in between, due to housing sales in the past. In the
case of BrabantWonen, these people are given a chance to take advantage of the planned
renovation by participating at own costs but with the costs benefits of a large‐scale
renovation. However, sometimes these home‐owners do not have sufficient funds to
participate so they are in a quandary: they cannot participate, but due to the improvement
of the surrounding dwellings, theirs will probably decrease in value. From experience by
BrabantWonen this could evoke a lot of restraint during the renovation itself, but should not
affect the tenants of BrabantWonen.
7.4
Changing the attitude
As described in paragraph 7.3, resistance against (sustainable) renovation can be taken away
by letting them participate in the early phase of the renovation process. Even so, sustainable
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measures are not always appreciated as they should be by tenants. To convince tenants,
different kind of measures can be taken that anticipate on the living cost approach and on
tenants’ attitude towards sustainable renovation. These measures will be elaborated in this
paragraph.
Green & Kreuter (1999) made a theory that is based on behavior influence and behavior
change. They distinguish three main factors that influence behavior. First, motivational
factors relate to feelings such as knowing, feeling, finding, valuing and confidence. These
feelings should cause the tenants to want a sustainable renovation. Second, if there is a will,
tenants should be able to really participate in sustainable renovation, in regards to the
financial and technical side, empowering factors. Finally, tenants should be kept satisfied by
informing and advising them in order to keep them bound to the project, amplifying factors.
Werf (2011) translated these factors and its sub factors to sustainable renovation.
Motivating factors (WANT)
• Awareness and knowledge: first, tenants have to be informed that sustainable
renovation is desired by housing associations and society. Second, the tenant needs
to gain knowledge about why these renovations are necessary, what all underlying
interests are and which interests are in it for themselves;
• Social influence: tenants can be influenced by social standards and opinions and
views by other persons (neighbors);
• Attitude: a tenants’ attitude can be anticipated on by measuring what all individual
pros and cons are;
• Assessed competence: the view of the tenant on his ability to cope with the
renovation process and to live in an energy efficient house afterwards.
Empowering factors (CAN)
• Financial: the tenant should be able to pay the proposed rent increase after
renovation. Decreasing energy costs and any living cost guarantee should be taken
into account here;
• Technical: the renovation must be technically executable. Moreover, after renovation
the tenants need to be aware of all extra measures that have to be taken in order to
make everything work;
• Organizational: the renovation process should be arranged so, that tenants can stay
in their dwelling if desired, and little to no nuisance.
Amplifying factors (PROMOTE & PERSEVERE)
• Social support: Accompaniment during the renovation process;
• Advice: Advising tenant show they can contribute to less energy use themselves
(behavior‐wise);
• Feedback: promoting what goals have been achieved with the sustainable renovation
and the behavior change to reduce energy use, so tenants know they have to persist
in their energy saving behavior in order to keep the living costs as low as possible.
To convince and motivate, the use of an external advisor can help tenants to participate
against rent increase. The natural distrust towards housing associations can be minimized
when a third party can back up certain statements and can operate as mediator between
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housing association and tenant (Dijkstra & Brouwer, 2010). Moreover, other important
‘convincers’ can be tenants themselves. Tiemeijer (2009) states that behavior and choice of
residents is largely determined by taking over behavior from other residents. When this is
combined with Rogers' bell curve (figure 7.1). The ‘innovators’ and ‘early adopters’ are those
that use products or are convinced of new innovations in a very early stage of a ‘products’’
lifestyle. Therefore it could be of interest by approaching the ’innovators’ and ‘early
adopters’ in neighborhoods and let them convince others to participate in sustainable
renovation.

Figure 7.1: Rogers’ bell curve (Rogers, 1962)

7.4.1 Energy costs and rent increase
As mentioned before, one of the biggest restraints will be a proposed rent increase after
renovation, due to the sustainable solutions that will reduce energy costs significantly.
Dijkstra & Brouwer (2010) mentioned that tenants think a rent increase is often not
justifiable. BrabantWonen shares these thoughts from meetings with the Central Interest
Group, even though they have not yet practiced rent increase after renovation. Moreover,
finances are often considered an overvalued aspect. Many people have little to no knowhow
about financials. They do not believe in sustainable renovation because they only consider
the rent increase as too expensive and think they still have the matters in own hands in
regards to their own energy consumption and behavior. (Boerbooms, 2010)
The yearly conducted nationwide renovation survey by RENDA (2012) proves that most of
the tenants in the social sector are still thinking in rent and energy costs instead of living
costs all together. This is understandable because bills do not come in the same period and
energy bills work with advances and additional taxes.
Therefore, a shift has to be made from thinking in rental costs to thinking in living costs. A
solution could be to promise that a certain amount of living costs is guaranteed after
renovation, tenants are probably more willing to participate. For instance, when the total
costs exceed the promised amount of living costs at ‘normal’ use, the housing association
has to repay a part of the rent. (Weevers & Go, 2010; RENDA, 2012)
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7.4.2 Case study: Alliantie
To give an indication what is possible in regards to rent increase after renovation and how
tenants can be convinced to participate, a short overview is given of the renovation process
at housing association De Alliantie in Amersfoort, according to H.J. van Plateringen (senior
project leader renovations). De Alliantie implements rent increases since they began
renovating their existing housing stock on a large‐scale, approximately ten years ago. De
Alliantie first started renovating by reducing the energy demand of a dwelling, thus only
taking care of the skin of the dwelling (adding insulation). Internal discussion lead to a
maximum rent increase of 10 to 15 euro per month, a very minimal increase compared to
the measures that were taken. At this moment, this increase is almost doubled to 20 to 30
euro per month.
De Alliantie had a hard time convincing their tenants. Tenants were mostly interested in
their expenditures and a new kitchen or bathroom, not in the energy savings because they
thought that they had this in their own hands. Moreover the concept ‘living comfort’ was
hard to apprehend for most tenants.
At this moment, around 95% of their tenants agree to renovate against a rent increase. The
factors of success at De Alliantie can be defined as follows:
 The amount of rent increase is rather low (the ratio with respect to the
improvements is justifiable);
 De Alliantie takes a clear stand in regards to the subject of the renovation, and when
there is too little participation the project will not follow through. There is no room
for discussion);
 Actively approaching tenants with comprehensive brochures, a concept dwelling and
visits at home to convince them.
It must also be noted that De Alliantie applied a rent increase since they started renovating
their housing stock on a larger‐scale. Therefore, the citizens of Amersfoort ‘do not know
better’ than a rent increase is common after renovation. This however, is totally the
opposite at BrabantWonen, where rent increase has not been asked before.
Due to the uncertainties after the governmental plans of Rutte‐II (more details in paragraph
4.1) De Alliantie is investigating the possibilities to pass on the full investment to the tenant,
even with an extra return. However, it is expected that these plans will lead to great
resistance among their tenants because the current rent increase will be doubled.
7.4.3 Choice
Another aspect of this research is to implement choice as a key trigger to give tenants an
extra feeling of involvement and to anticipate on tenants’ needs and wishes, resulting in a
higher satisfaction level during the renovation. For instance, by giving them the possibility to
choose between different renovation measures or packages.
RENDA (2012) founded that the amount of choice has to be precisely measured. Too little
choice gives tenants a feeling that they are held on a leash and do not really have
involvement. Too much choice can be even worse because tenants lose interest and are
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unclear about what measures can be taken and what is good for them, their dwelling or the
environment.
7.5
Conclusion
To conclude this chapter the answer on the following sub question as formulated in
paragraph 1.2 will be given:
What are the tenants’ benefits, interests and restraints in sustainable renovation
and in which way can they be convinced to agree with renovation?
This chapter discussed the tenants’ perspective in sustainable renovation. First all interests
and benefits for tenants are elaborated. After that, tenants’ participation in renovation
projects is discussed and their restraints are mentioned. Finally, different literature is
discussed that elaborate on changing the attitude of tenants.
In general, tenants profit the most from (sustainable) renovation. Lower energy costs are
guaranteed and the living comfort improves due to certain renovation measures. Besides
these benefits, tenants have interests as well. The most important interest is that their
current situation does not change in a negative way. For instance, nuisance during
renovation has to be as low as possible and a rent increase is not desired.
Even when no rent increase is asked so far by certain housing associations such as
BrabantWonen, tenants act suspicious when it comes to convincing them to participate in
renovation. Therefore, involving tenants in the preparation phase of the renovation can be
of great importance to give them a feeling of right of say. It is important for housing
associations that they let tenants participate in this phase and also approach a successful
renovation from a tenant perspective. Too many times housing associations only have
motives that are focused on their own profit, not the profit of tenants. Therefore, focusing
on tenants’ motives and giving them a say in the early phases of the renovation could result
in more satisfied tenants. However, it is of great importance that the degree of participation
is measured precisely because too much involvement leads to loss of overview and interest
from tenants. Moreover, too much involvement, especially when it comes to choice in
renovation, leads to short‐term mindedness, which collides with the long‐term vision
housing associations have.
Besides the benefits and interests of tenants and the level of involvement by tenants, there
are still restraints among tenants to participate in (sustainable) renovation. They are
reluctant for change, especially the elder tenants (> 55 years), they are against any form of
nuisance, do not think the renovation improves their living situation or they do not think the
associations policy is justifiable.
It is clear that great strides can be made in convincing tenants to participate in renovation.
Most important aspect is that tenants want to have a feeling of involvement in the
renovation process and choice can be a trigger to give them this involvement. Moreover, by
advising tenants (through third parties) and by approaching the right tenants that are more
willing to participate a successful planning phase can be reached, even against rent increase.
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However, there will always be restraints and often these are hard to tackle. Still, with the
mentioned solutions, there are possibilities in changing the tenants’ attitude.
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CHAPTER 8: RESEARCH FOCUS AND DESIGN
This chapter focuses on the subject of the field research, the goal of the experiment and the
method used. Furthermore all variables used will be discussed and the expected output is
elaborated.
8.1
Problem focus
Large scale renovations, in particular those that focus on high energetic standards (up to
energy label A+), are ambitious and thus financially not always feasible in terms of direct
return. Therefore, it is inevitable that housing associations have to ask for a rent increase in
order to stay financially healthy, especially with the current governmental regulations that
have seen the light under the Rutte‐II administration. However, some housing associations,
including BrabantWonen still do not increase the rent after renovation. They never did
because they always renovated to a certain level which was not as ambitious as an energy
label A+ renovation. At this moment, BrabantWonen has finished one renovation of
approximately 70 dwellings in the Kruiskamp neighborhood in ‘s‐Hertogenbosch to energy
label A+, but it was partly subsidized by the province of Noord‐Brabant due to its high
energetic standards.
BrabantWonen has the ambition to start more of these ambitious projects to cope with the
current governmental goals, but feel the urge to increase rent afterwards in order to
improve the direct return and the financial continuity of the housing association. Therefore,
BrabantWonen is interested in tenants’ needs and wishes in regards to large scale
sustainable renovations and their willingness to pay, in this case: their willingness to pay
extra rent for certain measures that can be taken by BrabantWonen.
According to this, the problem focus can be determined as follows:
“At this moment, rent increase after (sustainable) renovations is uncommon at
many housing associations such as BrabantWonen, but necessary for future
financial stability.”
This problem can be investigated by executing a field research under tenants of
BrabantWonen. The main research question is:
“What measures, and against what acceptable rent increase, can be taken to
improve the tenants’ willingness to participate in renovation?”
It is expected that certain segments of the population require different measures and
preferences.
8.2
Research goal
Besides the goal to investigate all measures that are acceptable against a certain rent
increase, the research can also provide more information about future renovations executed
by BrabantWonen. The following relations could be investigated:

47

Convincing tenants to participate in sustainable renovation




Relation between renovation measures and sustainable solutions and households’
characteristics such as the energy using profile that will be explained in paragraph
8.3;
Relation between the change in living costs and the different measures that can be
taken;
Relation between all renovation measures and the social‐demographic and housing
characteristics of households through a latent class analyses.

Moreover, when thresholds are formulated, renovation packages could be composed that
are most suitable for certain tenant groups. Finally, BrabantWonen can gather useful
information about the satisfaction level of tenants and their dwelling for their day‐to‐day
operations.
8.3
Determination of the survey variables
A survey will be conducted which will first ask for some basic housing and household
characteristics from the tenants. After that, their satisfaction about their dwelling is asked as
desired by BrabantWonen, followed by their opinion about renovations in general and
sustainability/environmental awareness. This is distinguished in eight theorems that ask for
the tenants’ agreement. Finally all renovation measures of importance by BrabantWonen
and that will be used in the conjoint analysis are listed and discussed.
8.3.1 Social demographic and housing characteristics
Tenants will be asked about their gender, age, household composition, daytime activity and
education. This in order to distinguish tenants with Latent Class Analyses (paragraph 9.3.2).
Moreover, all housing characteristics of the tenant will be asked, such as type of dwelling,
year of construction, their settlement time and the expected move‐out time.
Finally, through orthogonal matrices, the satisfaction level of tenants is asked and what is of
importance during and after the renovation process. These are:
 Energy bill and water bill;
 Living comfort in general;
 Size of the dwelling, number of rooms and lay‐out;
 Kitchen, bathroom and toilet;
 Safety and noise;
 Esthetics;
 Size of the outdoor space;
 Neighborhood.
8.3.2 Sustainability
Next, the tenant is asked how they think about certain theorems that derive from the
literature study in chapter 7. These theorems are:
 I am seriously concerned about rising energy prices;
 When I am offered information or help to save energy, I would use it;
 I attach more importance to the rent I pay than my monthly energy bill;
 I am open to a sustainable renovation to my home;
 I would want to decide when my home is being renovated;
48

Convincing tenants to participate in sustainable renovation




I am willing to pay extra rent in exchange for energy saving measures to my dwelling,
if my energy bill reduces at least with the same amount or more;
When I am promised savings, I want guarantees;
I find pleasant, comfortable and carefree living more important than to have a say in
how this comes about.

After these theorems, the tenant is asked in which energy using profile he or she belongs.
This in order to investigate if respondents can be segmented in certain target groups. The
energy using profiles are composed by De Groot et al (2008), and mention a tenants’
environmental awareness. The profiles are as follows:
(1) Ease: Comfort and ease are very important for the respondent and there is no urge to
save energy costs or worry about the environment;
(2) Conscious: Comfort is of importance but I am trying to save energy and am aware of the
environment;
(3) Costs: I am aware of the increasing energy prices and try to save energy to reduce costs;
(4) Environment: I save energy because I am very aware of the environment and the
changing climate.
How the profiles relate to each other is illustrated in figure 8.1. This shows that the profile
Conscious is the most common profile that relates most with all other profiles, that is why it
is positioned in the center. The other profiles do relate with the rest too; however the
relations are not as strong.

Figure 8.1: Energy using profiles (Groot et al, 2008)

8.3.3 Attributes for the conjoint choice experiment
Finally, all attributes that are derived from chapters 6 and 7 will be elaborated next. The
methodology of the conjoint experiment will be explained later, in paragraph 9.3.2. In
random order these next five attributes will be the content of a renovation, in addition to
the energy saving measures such as insulation. These have been left out of the conjoint
choice experiment because they are mandatory to achieve at least an energy label B.
At initial meetings with Diana Heesakkers of BrabantWonen, seven attributes were selected
to be included in the conjoint choice experiment. Eventually these seven attributes were
shortened to five after the test phase of the survey.
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1. Dwelling expansion
The first attribute is aimed at tenants’ living comfort by giving them choice between:
(1) No expansion – (2) 2.5 m2 expansion of the ground floor – (3) a dormer on the front or
back
These have been chosen because tenants tend to have more living comfort when
expanding the dwelling. It has to be noted that option (2) is expensive and therefore
financially not feasible, even with a certain rent increase. However, BrabantWonen was
still interested how this option would relate in comparison with the rest.
2. Renovation of living spaces
As mentioned in paragraph 6.3.3, the renovation of living spaces is considered as
important by tenants. Therefore the following three choices are given:
(1) Kitchen – (2) Sanitation – (3) Both
Initial composition of the attributes had sanitation separated in bathroom and toilet.
Later, they were taken together and the ‘both’ option was added. The survey is
conducted with these three attribute levels, however later it was discovered that these
three levels are not independent from each other and therefore the results cannot be
assumed as valid; this will be mentioned in more detail in paragraph 11.3.
3. Sustainable solutions
At first, PV‐panels were an independent attribute from the rest of the sustainable
solutions, however to keep the experiment cohesive and clear for tenants, they were
taken together.
(1) PV‐panels – (2) Heat pump – (3) Solar boiler
In the discussions before composing the experiment, the Ecolution is left out of the
experiment, because most respondents would probably be uninformed about this
measure, resulting in biased results.
4. Nuisance
An important aspect for BrabantWonen during renovations is the period of nuisance and
the type of nuisance, as mentioned in paragraph 7.1.
(1) 3 weeks, out‐of‐house – (2) 3 weeks, nuisance – (3) 4 weeks, decide yourself
It is decided that these three options were suitable for the respondents. First, they can
choose if they want to move out for three weeks (1), or want to stay in their dwelling (2).
Moreover, they have the choice to decide the renovation period themselves, but the
renovation takes longer (3).
5. Living‐costs savings
In earlier research designs this attribute was split in rent increase and energy savings.
However because both would be dependent of the rest of the attributes, they have been
merged so an independent factor ‘savings’ is introduced.
(1) € 10 savings p/m – (2) € 25 savings p/m – (3) € 40 savings p/m
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The values of these savings are defined in correspondence with the calculations made in
paragraph 6.3. The savings of € 40 p/m are the most positive result for tenants. It is
chosen to take € 10 p/m savings as the minimum instead of € 0 p/m because the
dwelling will be less energy consuming anyhow, regardless which measures are chosen in
this experiment. The second attribute is the median value between € 10 and € 40 p/m.
8.4 Conclusion
To conclude this chapter, the preparations to answer the following sub question as
formulated in paragraph 1.2 are given:
Which renovation measures are seen as important by tenants and against what rent
increase?
First, this chapter formulated and discussed the research design and focus and the variables
that will be included in the survey. These variables serve as the foundation for the field
research that will be conducted to answer the sub question mentioned above. All variables
are formulated following the input from chapters 6 and 7 and interviews with project and
neighborhood managers at BrabantWonen. The field research methodology will be
explained in chapter 9 and the results in chapter 10.
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CHAPTER 9: RESEARCH METHODOLOGY
Now the focus of the research is clear, the research problem is analyzed and the research
goal is formulated, it still has to be noted that there is very little research done in which
measures are widely supported against a certain rent increase and decrease in energy costs,
a survey is required to gather data about the variables mentioned in paragraph 8.3. In this
chapter the research design and its methodologies will be explained.
9.1
Questionnaire
A one‐moment survey‐research is the best method to investigate the required variables and
aspects as mentioned before. It should be sufficient to explore relations between the
different aspects. The survey consists of five parts that are elaborated in more detail in
paragraph 8.3:
1. Housing characteristics (type of dwelling, year of construction, settlement time and
expected move out time);
2. Tenants’ satisfaction level of their dwelling;
3. Tenants’ awareness level and attitude towards renovation aspects, to categorize
tenants in different ‘awareness groups’.
4. Conjoint choice experiment, this will be elaborated in paragraph 9.2;
5. Social‐demographic characteristics (gender, age, household composition, daytime
activity and education) to end the questionnaire and to validate the sample group
whether it reflects the total population (all tenants of BrabantWonen).
Each question is carefully rated for its importance and the questionnaire is first presented to
ten test respondents at BrabantWonen to test its clarity, ambiguity and length. This test
survey resulted in some useful critiques, such as:
 The questionnaire is shortened at certain parts by excluding unclear questions;
 The use of language was simplified to match with the relative knowledge of the
target group;
 Moreover, the explanation of the conjoint choice experiment is shortened and made
clearer with iconic figures. This is elaborated in more detail in the next paragraph.
The distributed questionnaire takes up to 15 minutes to fill in. The first three parts consists
of six multiple‐choice questions and three matrix questions and take five minutes to fill in.
The conjoint choice experiment takes up to ten minutes and consists of nine choice sets.
Part 5 takes less than a minute because it consists of only five multiple‐choice questions. An
example of how the standard questions will be presented to all approached tenants is shown
in figure 9.1.
The questionnaire is made with EnqueteMaken.be, a website that makes it able to create
simple but really clear questionnaires. The online output options are not extensive; however
everything can be exported to Excel which makes it possible to analyze it in SPSS. The final
survey that has been sent to the tenants of BrabantWonen can be found in appendix 2.
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Figure 9.1: Example of the questionnaire

9.2
Conjoint choice experiment
Choice experiments, as designed by Louvière and Woodworth (1983) are commonly used
research methods in fields such as marketing, healthcare and economy. In conjoint analyses
respondents are asked to indicate their preference for a certain “product”. For that purpose,
products are defined on a limited number of key attributes, each with a certain number of
levels, in this case five attributes, with three levels each. Based on these attributes and their
levels, a set of hypothetical products are constructed and presented to the respondents
through a choice experiment. By choosing for a certain product alternative, it can be
assumed that that alternative has the highest total worth. When all choices are combined
and analyzed, the part worth per attribute can be calculated. More about this in paragraph
9.4.
Conjoint analyses derive from a larger group of ‘choice and preference experiment
methods’. Figure 9.2 shows these methods and their origin. Conjoin choice experiments can
roughly be divided in two approaches. Revealed choice methods are based on past behavior;
stated choice methods consider hypothetical situations people have to consider, as is the
case in this research. Respondents need to choice between hypothetical situations that are
not applicable on their past, current or future situation.
Conjoint stated choice experiments involve the design of product profiles on the basis of the
formulated product attributes and their respective levels. Respondents will then be asked to
repeatedly choose a certain profile from different sets of profiles. This is possible through
ranking (stated preference), in which the respondent has to rank the profile among the other
presented to them. However respondents can lose focus, and past experience has shown
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that ranking provokes different behavior than a real life situation. Conjoint stated choice
experiments however, reflect real life choosing situations better because respondents
choose the best (or worst) product among one or more comparable products. (Oppewal &
Timmermans, 1992)

Approaches to measure preference and choice

Revealed

Stated

Preference/choice

Preference

Compositional

Choice

Decompositional
(Conjoint
preference)

Decompositional
(Conjoint choice)

Figure 9.2: Overview of the different types of conjoint choice experiments (with the chosen experiment
highlighted in blue) (Kemperman, 2000)

9.2.1 Experimental design
The conjoint stated choice method is useful in doing research to the most important
attributes and measures in a renovation project. Moreover, it is possible to design the
research model so that certain attributes or measures can be compared with each other,
providing insight in significant relations between them. For instance: people tend to choose
more significantly for PV‐panels against the lowest decrease in living costs, compared to the
other two sustainable solutions. This is called a first‐order interaction.
To calculate the total number of packages which can be chosen from, a simple formula is
= total number of
sufficient. A so called full factorial design consists of
alternatives, resulting in an experiment with 35 = 243 profiles. However, incorporating all
these profiles in a choice experiment means such a large group of choice sets that the
experiment would be dreadful to complete. Therefore a fractional factorial design can be
created. A fractional factorial design presents a small fraction of the full factorial design
which still makes it able for the researcher to discover the main effects for each factor level
in the experiment. (Kemperman, 2000)
With SPSS 19 a fractional factorial design can be designed with the “Orthogonal Design
Generator” function. This resulted in a fraction of 18 profiles, which means that when a
choice set consists of two profiles the respondents only have to make nine choices. At
random, these 18 profiles are divided into these nine choice sets. All choice sets are listed in
appendix 3. Moreover, all respondents will be asked after each choice if they would accept
both profiles. During the design process of the survey, this question only asked for the
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Figure 9.3: A choice set as presented in the survey, together with the approval question

acceptance of the chosen profile, not both. Due to the lack of information about all profiles
this question is elaborated so for both profiles can be asked if the respondent finds it
acceptable. This is called the dual response format (Sormani, 2011). For the conjoint design
it is assumed that the alternatives are independent from each other. Moreover, to avoid
behavior due to earlier choices, it is advisable to randomly present the choice sets to the
respondents. However, due to the relatively low number of choices and the limitations of
the survey software, one standard version has been created, which should not distress the
results. Figure 9.3 shows a choice set as presented in the survey.
For enabling the processing and analyzing of the survey data the variables have to be coded.
Effect coding is used to code the ordinal or nominal variables as is the case in conjoint
experiments such as this one. The coding is shown in table 9.1. The variable levels take the
values ‐1, 0 and 1. The sum of the effects is equal to zero for every variable effect, therefore
it is possible to calculate the third variable effect manually with the two that will be already
calculated by the statistical software (Kemperman, 2000). In appendix 3, the all choice sets
are shown, together with the effect coding per profile.
Attribute
1

Level
a
b
c

Variable effect 1
1
0
‐1

Variable effect 2
0
1
‐1

Table 9.1: The effect coding scheme

In paragraph 8.3, all five attributes and their respective levels are formulated. At first, seven
attributes were selected in consultation with BrabantWonen. However, first tests made clear
that choosing between two profiles with seven attributes was very unclear for most test
respondents. Moreover, literature and passed conjoint experiments proved that the number
of attributes should be more than five and less than seven. However after another test, six
attributes also proved that the explanation was too long and the choices were too cluttered.
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Therefore, five attributes were chosen, all of them with three levels of variation which is
sufficient.
9.3
Data analyses
After the survey is conducted, the most important descriptive statistics have to be analyzed
with SPSS, followed by the conjoint choice experiment. These results will be analyzed with
NLOGIT, which is a comprehensive statistical tool that is specialized in all sorts of choice
experiments.
9.3.1 Descriptive statistics
Respondent characteristics
First, the respondents’ characteristics and their dwelling characteristics have to be analyzed.
These are all nominal or ordinal variables, thus counting of these statistics is sufficient. The
results will be expressed in percentages and presented with bar and pie charts to make it
clearer. (Baarda & Goede, 2006)
Sustainability theorems and importance of renovation measures
The sustainability theorems and the importance of renovation measures are ordinal scales
but can be considered as an interval scale ranging from 1 (“fully agree” / ”very important”)
to 5 (“fully agree” / ”fully disagree”). The means of these results can be calculated next.
To analyze if the chosen energy using profile is valid, the means per energy using profile
group are compared with each other. With a splitting variable significant differences can be
discovered. In this case the energy using profile will function as the splitting variable. The
differences can be discovered with an ANOVA analysis and F‐test. The F‐test describes if
there is a difference between the means of all groups, the ANOVA analysis only describes if
there is a difference between the groups. De F‐value for the F‐test can be calculated by
dividing the Mean Square between the different groups with the Mean Square within all
groups.

When the corresponding p‐value < 0.05, it is for 95% certain that there is a significant
difference between groups. (Baarda & Goede, 2006)
9.3.2 Conjoint choice experiment
The conducted conjoint choice experiment results in data which can estimate tenants’
behavior when choosing for certain renovation packages. In addition, with the follow‐up
question that asks for the approval for both packages the acceptability of all packages ‘as
they are’ can be estimated. This analysis will be done in NLOGIT. The following methods are
used to analyze the output of the experiment.
Random utility theory
When a respondent chooses between two alternatives, it can be assumed that he or she
picks the alternative that has the highest ‘total worth’ for this person. In a discrete choice
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experiment, this ‘total worth’ value of a choice set consists of a structural and a ‘random
error’ component. This is called the random utility theory, can be calculated with a
multinomial logit model in NLOGIT and can be expressed as follows:

The structural utility of the alternative can be interpreted as a linear function. When all
part worth values will be added up to each other the total worth can be calculated:

All attributes have a utility value
. The parameter indicates the relative influence on the
utility of alternative . When these values approach 0, the influence of the parameter is very
low. When the value is negative, the attribute level has a negative influence on the choices
made. However, it has to be noted that all three part worth values equal 0, always resulting
in negative values. Therefore, the results have to be interpreted as the relative proportion
between all part worth values.
In addition to all values, the p‐values of every attribute level is calculated to define the
significance of that value. When the p‐value < 0.05 the value is significant.
Lastly, every attribute its relative importance compared to the other four attributes can be
calculated. The relative importance simply shows which attribute is regarded as the most
important, compared to the others. This can be done by taking the absolute difference
between the lowest and highest part worth value. (Oppewal & Timmermans, 1992)
Random utility per energy profile
The random utility theory will also be applied in comparison with a households’ energy
profile. Therefore, the interaction between the energy profile and all attributes will be
inserted in the estimation. The coding is presented in table 9.2. As with effect coding
(paragraph 9.2.1), the dummy variables are equal to the number of energy profiles minus
one. For four energy profiles, three dummy variables are needed.
Energy profile
Ease
Conscious
Costs
Environment

DVAR1
1
0
0
0

DVAR2
0
1
0
0

DVAR3
0
0
1
0

Table 9.2: Dummy coding of the four energy profiles

By applying dummy coding, the mean is calculated and per dummy variable the difference
with this mean. The mean corresponds with the fourth energy using profile (‘Environment’)
because there is no interaction with one of the dummy variables. The differences with the
mean correspond with the three dummy variables. When adding the difference with the
mean with the mean, the part worth values for the other energy using profiles can be
calculated (Rietberg, 2012). The formula below shows this method and is derived from the
standard random utility formula:
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Goodness of fit
To define the predicting value of the estimated model, the goodness of fit has to be
calculated, also known as the Rho‐square and the likelihood ratio of the model.
The Rho‐square ( ) is a value between 0 and 1. 1 indicates a model that is predicting the
data perfectly, 0 on the other hand means that the model has no advantage compared to a
model without parameters. Values between 0.2 and 0.4 indicate a good predicting value.
The is calculated with the following formula:
1
indicates the loglikelihood of the estimated model,
model or base model.

the loglikelihood of the 0‐

Besides the estimated model, the loglikelihood calculates if the predicted model is
significant. By comparing the loglikelihood of the 0‐model with the loglikelihood of the
estimated model, this significance can be defined:
2
it is proven that the estimated
When the test statistics are higher than the critical value
model is an improvement compared to the base model. (Oppewal & Timmermans, 1992)
Latent Class Analyses
With a Latent Class Analyses (LCA) a possible segmentation of respondents can be derived
from all results. A LCA model indentifies a categorical latent class variable measured by all or
some number of descriptive variables per respondent. The model makes it able to categorize
people into two or more classes using the observed items and can identify the items that
have the biggest distinction between the found classes. In other words, all respondents’
characteristics are compared to each other and the found results of the conjoint choice
experiment. The LCA model formula is:

Every respondent has a choice probability for every class that is given. The class with the
highest choice probability is most likely to be chosen. NLOGIT can calculate this probability
and also validates the results, in other words: the prediction of the individual choices
compared to their fit in a latent class.
To verify if the LCA is valid and significant, different variables can be calculated by NLOGIT.
Most important are the McFadden R2 and the AIC and BIC. A higher pseudo R2 indicates a
better predictability of the model. Moreover, the AIC and BIC values should be as low as
possible. Because all values are calculated and do not relate, the best result should be

59

Convincing tenants to participate in sustainable renovation
considered using ‘common sense’. In addition, all parameters of the LCA models should be
analyzed if they fit. When they do not seem to fit, the LCA model can be neglected.
(Vermunt et al, 2006)
Scenario analysis
When all parameters are predicted per attribute level, the total worth per energy profile can
be calculated with the sum of all part worth values. Now, every renovation package, and
even renovation packages that were not included in the choice experiment can be compared
to each other, and the chance that a certain package will be chosen instead of a compared
package or a “no choice” option, can be calculated with the following formula (Rietberg
2012):

∑
A scenario analysis can result in an overview which packages are the most convenient for all
respondents, or for each energy using profile.
9.4
Conclusion
Now the content of the questionnaire is elaborated and the design of the conjoint choice
experiment and all statistical methods are explained, the following research sub question
can be answered by using the random utility theory:
Which renovation measures are seen as important by tenants and against what rent
increase?
Moreover, by distinguishing respondents in their energy use and by applying a Latent
Class Analysis, the last sub question can be answered through a scenario analysis:
Can there be renovation packages distinguished for different tenant characteristics
that are specified on their interests?
The results of the questionnaire and the conjoint choice experiment will be discussed in the
next chapter.
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CHAPTER 10: RESULTS
The results of the data analysis of the survey are presented in this chapter. First, all
descriptive statistics such as social‐demographic characteristics and dwelling characteristics
are elaborated. After this, the results of the sustainable theorems will be presented,
compared to a households’ energy profile. Finally, the conjoint choice experiment results are
elaborated, together with a scenario analysis of possible renovation possibilities for certain
tenant groups.
10.1 Respondents characteristics
The respondents are approached via the tenant database of BrabantWonen (department ‘s‐
Hertogenbosch). To save time, the survey is only sent to tenants with an e‐mail address.
These results are shown in table 10.1.

Approached:
Finished:
Correct:

Respondents
# 1511
#280
#271

Percentage
100%
18,5%
17,9%

Table 10.1: Sample group characteristics

Despite the possibility of winning a gift coupon, only 18,5% of the tenants have finished the
questionnaire. Employees at BrabantWonen were not surprised by the low response. First of
all, there are no statistics about which approached tenants opened their mail, because
BrabantWonen seldom communicates with tenants via e‐mail which could lead to an
outdated e‐mail list. Moreover, tenants are often known for their indifference when it
comes to initiatives from BrabantWonen. Nine tenants finished the questionnaire but the
results were not varied enough; for instance, they answered “no opinion” for every theorem
or had a too consistent choice behavior when choosing packages (e.g., only the left option).
To define if the size of the sample group is significant enough for conjoint studies, the
answers vary greatly. Cattin & Wittink (1982) stated that the sample size in commercial
conjoint studies usually ranges from 100 to 1.000, with 300 to 550 being the most typical
range.
Before the results could be analyzed, the characteristics of the respondents (sample group)
should be compared with the e‐mail database (population), the total tenant database and
the total housing stock of BrabantWonen so that the sample group is representative for the
population and even for the whole tenant database of BrabantWonen. Results are shown in
table 10.2 and 10.3. However, it was not possible to obtain this data from the e‐mail
database (population) and the total tenant database. Only the housing characteristics could
be traced. Still, the information that should be available was discussed with the Housing
Lease department at BrabantWonen and it was mentioned that the sample group shows
representative results for the population, but compared with the whole tenant database the
results are not representative. The partition in gender is representative for both population
and BrabantWonen, but in the sample group there is an over‐representation of young‐aged
people, singles and higher educated people. In these categories, no information is known
about tenants but the numbers clearly indicate it does not represent the total tenant
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database. Also, the amount of students is quite high compared to the amount of
dormitories. All the results mentioned above match a certain profile that single students
living in dormitories and young full‐time working singles living in apartements are over‐
represented in general.
The housing characteristics also show some unevenness with the whole portfolio. There is a
small over‐representation of apartments and ‘other’ dwellings, most likely students that
assumed that their shared dormitory cannot be categorized as apartment. Compared to this,
single‐family dwellings are a bit under‐represented. Moreover, a large group was not
familiar with the year of construction of their dwelling. This was a critique mentioned during
the test phase; however the question was kept because it still could be useful to compare it
with the population and total tenant database.
Characteristics

Sample group
Freq.
Perc.

Gender
Male
Female

118
153

43,5%
56,5%

Age
18‐35
36‐50
51‐65
65+

165
51
36
19

60,9%
18,8%
13,3%
7,0%

Household composition
Single person
Single parent household
Household with no children
Household with children
Other

163
18
42
28
20

60,1%
6,6%
15,5%
10,3%
7,4%

Education level
Postdoctoral
University
Higher vocational
Secondary vocational
Primary vocational
Higher secondary
Lower secondary
Primary school

5
30
114
58
3
31
26
3

1,8%
11,1%
42,4%
21,4%
1,1%
11,4%
9,6%
1,1%

Work situation
Full‐time employed
Part‐time employed
In between (looking for a job)
Unemployed
Retired
Student

98
53
16
22
18
64

36,2%
19,6%
5,9%
8,1%
6,6%
23,6%

Table 10.2: Social‐demographic characteristics of the sample group and the population
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Characteristics

Sample group
Freq.
Perc.

BrabantWonen
Freq.
Perc.

Dwelling typology
Single‐family (row)
Single‐family (corner)
2‐under‐1‐roof
Detached house
Apartment
Other
Total

133
22
0
5
133
55
271

20,7%
8,1%
0,0%
1,8%
49,1%
20,3%

2693
784
98
53
3214
702
7544

35,7%
10,4%
1,3%
0,7%
42,6%
9,3%

Dwelling age
Pre‐WWII
1946‐1959
1960‐1969
1970‐1979
1980‐1989
1990‐1999
2000‐now
Unknown

21
25
25
14
24
24
39
99

7,7%
9,2%
9,2%
5,2%
8,9%
8,9%
14,4%
36,5%

355
2354
1584
445
1139
694
830
143

4,7%
31,2%
21,0%
5,9%
15,1%
9,2%
11,0%
1,9%

Table 10.3: Housing characteristics of the sample group and the population

Besides their personal and housing characteristics, tenants were also asked to fill in their
energy using profile, based on research by Groot & Spiekman (2008). Figure 10.1 shows the
categorization of the respondents.
The “Conscious” profile is by far the largest energy using profile. Moreover, the profile
“Costs” is also well represented. It was expected that these profiles would be the most
chosen, however it would have made more sense if respondents choose more for “Costs”
instead of “Conscious” because experience from BrabantWonen says that tenants are most
of the time very short‐term minded and only take costs into account when making decisions.
Energy using profile
9,6%

7,0%

Ease (# 19)
Conscious (# 158)
Costs (# 68)
Environment (# 26)

25,1%

58,3%

Figure 10.1: Distribution of energy using profile as chosen by the respondents
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10.2 Sustainability theorems
Tenants were then asked to give their opinion about their current dwelling, what they would
like to see renovated and what is considered important when renovating. Moreover, they
were submitted some theorems about sustainability and renovation. With an ANOVA test,
these results were compared with the chosen energy using profile. The results of the ANOVA
model proved to be significant and will be discussed below. It is a good way to validate ones
choice for a certain energy using profile. All statistical results can be found in appendix 4.
Theorem 1: I am seriously concerned about rising energy prices
These results show that those focused on Costs indeed are the most concerned about the
rising energy prices. Moreover, the profile Ease significantly disagrees more about this
theorem than the other three profiles.
Theorem1: I am seriously concerned about rising energy prices
(0 = fully agree, 4 = fully disagree)
Ease

N = 271
F = 9,57
Sig = 0,000

Conscious
Costs
Environment
0

1

2

3

4

Figure 10.2: ANOVA test results of theorem 1

Theorem 2: When I am offered information or help to save energy, I would use it
Again, the profile Ease agrees the least about this theorem, with the other three profiles not
coinciding a lot. The profile Environment agrees the most, which could be expected.
Theorem 2: When I am offered information or help to save energy, I would use it
(0 = fully agree, 4 = fully disagree)
Ease

N = 271
F = 3,96
Sig = 0,009

Conscious
Costs
Environment
0

1

2

3

4

Figure 10.3: ANOVA test results of theorem 2

Theorem 3: I attach more importance to the rent I pay than my monthly energy bill
These results do not show up to be significant. Still, profile Ease stands out the most, and as
expected, these respondents are more concerned about their rent than the energy bill.
However, the other three profiles all average around the ‘neutral’ area, which means that
they pay as much attention to their rent as their energy bill.
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Theorem 3: I attach more importance to the rent I pay than my monthly energy
bill
(0 = fully agree, 4 = fully disagree)
Ease

N = 271
F = 1,50
Sig = 0,215

Conscious
Costs
Environment
0

1

2

3

4

Figure 10.4: ANOVA test results of theorem 3

Theorem 4: I am open to a sustainable renovation to my home
For BrabantWonen, these results were very surprising. The majority of the respondents fully
agreed or agreed with sustainable renovation to their dwelling. This shows that even those
with the profile Ease, are open to renovate.
Theorem 4: I am open to a sustainable renovation to my home
(0 = fully agree, 4 = fully disagree)
Ease

N = 271
F = 5,67
Sig = 0,001

Conscious
Costs
Environment
0

1

2

3

4

Figure 10.5: ANOVA test results of theorem 4

Theorem 5: I would want to decide when my home is being renovated
These results do not coincide much from each other, hence the p‐value > 0,05.
Theorem 5: I would want to decide myself when my home is being renovated
(0 = fully agree, 4 = fully disagree)
Ease

N = 271
F = 1,01
Sig = 0,388

Conscious
Costs
Environment
0

1

2

3

4

Figure 10.6: ANOVA test results of theorem 5

Theorem 6: I am willing to pay extra rent in exchange for energy saving measures to my
dwelling, if my energy bill reduces at least with the same amount or more
The results of theorem 6 are the most spread. Most noticeably, the profile Costs disagrees
about this theorem, probably because they are not certain about this reduction because
they are already try to save as much energy as possible to reduce costs.
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Theorem 6: I am willing to pay extra rent in exchange for energy saving measures,
if my energy bill reduces at least with the same amount
(0 = fully agree, 4 = fully disagree)
Ease

N = 271
F = 3,59
Sig = 0,014

Conscious
Costs
Environment
0

1

2

3

4

Figure 10.7: ANOVA test results of theorem 6

Theorem 7: When I am promised savings, I want guarantees
Compared to theorem 6, profile Costs agrees the most with this theorem, probably because
a cost guarantee fits their profile. Moreover, the profile Ease is not that certain about this
theorem.
Theorem 7: When I am promised savings, I want guarantees
(0 = fully agree, 4 = fully disagree)
Ease

N = 271
F = 2,72
Sig = 0,045

Conscious
Costs
Environment
0

1

2

3

4

Figure 10.8: ANOVA test results of theorem 7

Theorem 8: I find pleasant, comfortable and carefree living more important than to have a
say in how this comes about
As with theorems 3 and 5, this theorem is not significant too. Still profile Ease agrees the
most, as expected, and profile Environment the least, which means they want to have a say
in the measures taken the most compared to the other profiles.
Theorem 8: I find pleasant, comfortable and carefree living more important than
to have a say in how this comes about
(0 = fully agree, 4 = fully disagree)
Ease

N = 271
F = 1,42
Sig = 0,238

Conscious
Costs
Environment
0

1

2

3

4

Figure 10.9: ANOVA test results of theorem 8

Overall it can be concluded that the respondents characterized themselves the right way in
regards to their energy use. Therefore, the energy using profile could be a good
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segmentation when renovation packages are being defined and compared to each other in
paragraph 10.3.4.
All theorems were also compared with personal characteristics and housing characteristics.
However, almost all theorems did not give significant results when compared with tenants’
gender, household composition, education level and work situation. Only theorem 1 and 4
had significant results worth mentioning:
Theorem 1: I am seriously concerned about rising energy prices
Households with children are significantly more worried about increasing energy prices than
other households. In comparison: single person households are the least worried. This could
indicate that the size of the household is of importance in regards to the amount of energy
consumption and extra costs. Moreover, higher educated people, students and full‐ and part
time working people are significantly more concerned about rising energy prices. In
comparison: lower educated, retired and unemployed respondents are the least worried
about the increasing energy prices.
Theorem 4: I am open to a sustainable renovation to my home
Higher educated respondents are significantly more open to sustainable renovation than
lower educated respondents.
10.3 Results conjoint choice experiment
This paragraph is going into more detail about the conjoint choice experiment. First, the
multinomial logit model that calculates all main effects of every attribute will be presented,
followed by the relative importance per variable. After this, the results of the multinomial
logit model with the energy using profile of the respondents is elaborated, together with the
Latent Class Analysis. Finally, this information will be used to do the scenario analysis.
10.3.1 Multinomial logit model (all respondents)
As mentioned in paragraph 9.3.2, all part worth values of every attribute level will be
calculated using NLOGIT. The results can be found in appendix 5. First, the Rho‐squares of
the executed analyses are calculated and shown in table 10.4. For convenience, the values of
the MNL model per energy using profile are shown, but those results will be discussed in
paragraph 10.3.2.

MNL (all respondents)
MNL (per profile)

Rho‐square
0,046
0,061

LL(0)
‐2.521,523
‐2.521,523

LL(β)
‐2.406,405
‐2.368,211

Table 10.4: MNL models parameters

The Rho‐square value is below 0,2, indicating that the predictors are not suitable, which
could be expected due to the small sample group; however, this value is still rather low. The
model can be estimated again by leaving out all variables (attribute levels) with a p‐value >
0,05. This is left out of this research because the part worth values show logical results.
All part worth values are shown in figure 10.10. The insignificant values are highlighted in
red. First, the part worth values of the dwelling expansion. Respondents had a choice in no
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expansion, an expansion on ground level at the back of the house or a dormer on the roof.
The results show that an expansion on ground level is the most important attribute level,
and no expansion the least. The dormer is also not very popular, probably because
respondents do not see the added value of this dwelling expansion.
The renovation of living spaces also showed a very logical result, however a mistake has
been made in the formulation of the attribute levels. They have to be independent of each
other, but the level both is, of course, not independent from the other two. Therefore, these
results cannot be interpreted as valid. It is logical that tenants tend to choice more for a full
renovation of both kitchen and sanitation. The result of the kitchen is more negative than
the result of the sanitation, but due to the erroneous composition of these attribute levels,
these results should be neglected.
Dwelling expansion

Renovation of living spaces

0,3

0,3

0,2

0,2

0,1

0,251
‐0,113

0
‐0,1

No expansion

0,246

0,1

‐0,138
Expansion

Dormer

‐0,2

0
‐0,1

‐0,147

‐0,099

Kitchen

Sanitation

‐0,2

Sustainable solutions

Nuisance

0,2
0,1
0
‐0,1

Both

0,097

‐0,209

0,112

PV‐panels

Heat pump

Solar boiler

‐0,2
‐0,3

0,3
0,2
0,1
0
‐0,1
‐0,2
‐0,3
‐0,4

0,07
‐0,282

0,212

Living‐costs savings
0,6
0,4
0,2
0
‐0,2

‐0,444

0,071

0,373

10 euro p/m 25 euro p/m 40 euro p/m

‐0,4
‐0,6
Figure 10.10: Part worth values per attribute

The sustainable solutions attribute is an important attribute for BrabantWonen and shows
that respondents think equal as positive about PV‐panels and a solar boiler, probably
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because both solutions look the same. However, a solar boiler takes up some room inside
the dwelling and therefore it might look less attractive than PV‐panels but this is not the
case. Because the PV‐panels and solar boiler are regarded positive, the heat pump has a
negative influence. This might have to do with the knowledge of respondents that are not
well known with the concept ‘heat pump’.
Attribute nuisance shows interesting results in comparison with theorem 5 (paragraph 10.2).
The ‘4 weeks decide‐yourself’ is the most positive attribute level. This sounds as the most
ideal choice for tenants but according to theorem 5, all respondents do not think the decide‐
yourself aspect is very important, according to average results between “agree” and
”neutral”. Also, at BrabantWonen they are questioning if people want to move out instead
of staying at home during the renovation. The part worth values show that this is indeed not
the case.
The living‐costs savings were presented as the last attribute. These results speak for
themselves. The highest savings are regarded as the most positive, in comparison to € 10
savings per month.
Finally, the part worth value base is calculated. This value indicates whether respondents
choose for one of the alternatives presented to them, or the no choice option. The base
value for this MNL model is ‐0,684. The higher the value, the more respondents tend to
choose for no choice. This value can be used as the threshold when scenario’s are being
calculated in paragraph 10.3.4.
From all the data gathered above, the relative importance per variable can be calculated by
using the absolute difference between the highest and lowest part worth value. When these
absolute differences are added together, the relative importance (in %) can be calculated.
Figure 10.11 show the results.
Living‐costs savings can be regarded as the key‐variable, compared to the rest. Also nuisance
is an important variable, but does not exceed the other values. Sustainable solutions are
regarded as the least important attribute; however not by much. This can be seen as a
logical outcome because people tend to choose more for their own well‐being and living
comfort, e.g. living‐costs savings and nuisance.
Relative importance per attribute
Dwelling expansion
Renovation of living spaces
Sustainable solutions
Nuisance
Living‐cost savings
0,0%

5,0%

10,0%

15,0%

20,0%

25,0%

30,0%

35,0%

40,0%

Figure 10.11: relative importance per attribute
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10.3.2 Multinomial logit model (per energy using profile)
Table 10.5 shows all the β’s of the multinomial logit model per energy using profile and in
figure 10.12, all values are illustrated in graphs. Together with the standard mean β’s the
interaction between dummy profiles are calculated. By adding both of these values together,
the part worth per attribute level per profile can be calculated. None of the values are
significant, therefore it cannot be assumed that these results per energy using profile are
significantly different from each other. Moreover, table 10.4 showed that the R2 = 0,061
meaning the model is not better than a model without the variables.
Variable
Base
Expansion: no
Expansion: expansion
Expansion: dormer
Living spaces: kitchen
Living spaces: sanitation
Living spaces: both
Sustainable: PV‐panels
Sustainable: Heat pump
Sustainable: solar boiler
Nuisance: 3 out‐of‐house
Nuisance: 3, nuisance
Nuisance: 4, decide‐yourself
Savings: € 10 p/m
Savings: € 25 p/m
Savings: € 40 p/m

β – Ease

‐0,037*
‐0,275
0,283
‐0,008
‐0,338
0,103
0,235
0,102
‐0,323
0,220
‐0,403
0,312
0,091
‐0,644
0,305
0,338

β – Conscious

β – Costs

β – Environment

‐0,523*
‐0,154
0,264
‐0,110
‐0,157
‐0,130
0,287
0,061
‐0,139
0,077
‐0,264
0,061
0,203
‐0,426
0,050
0,376

‐1,076
‐0,057
0,284
‐0,227
‐0,058
‐0,135
0,194
0,284
‐0,372
0,088
‐0,453
0,063
0,391
‐0,500
0,043
0,457

‐1,560*
‐0,083
0,069
0,014
‐0,181
0,032
0,149
‐0,010
‐0,336
0,346
0,078
‐0,021
‐0,057
‐0,273
0,150
0,123

Table 10.5: Part worth values per energy using profile. Note: * designates p < 0,05

Still, the part worth values in table 10.5 show logical results. The NLOGIT calculations of this
multinomial logit model per energy using profile can be found in appendix 6.
Because none of the part worth values per attribute are significant, none of the results can
be stated as valid. However, some values still show some results that could be beneficial for
BrabantWonen.
Most notable are the values of the profile Environment. At the attributes expansion,
nuisance and savings the values mean lies around 0, which means that these values are of
low importance for this profile. In comparison: the attributes sustainable solutions and
renovation of living spaces do vary. Especially the importance of the sustainable solutions
attribute proves that this profile does indeed choose more for sustainability instead of living
comfort. Also, the profile Costs has the highest part worth value of the € 40 p/m savings
level at the living costs savings attribute, which could be a coincident. The profile Conscious,
the biggest group, shows the most general results as was expected. Finally, the profile Ease
thinks staying at home during the renovation is very important, instead of the profiles
Conscious and Costs that rank the decide‐yourself attribute level as the most important.
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Dwelling expansion
0,4

Ease

0,2

Conscious
Costs

0
No expansion Expansion

Dormer

Environment

‐0,2
‐0,4

Renovation of living spaces

Sustainable solutions

0,4

0,4

0,2

0,2
0

0
Kitchen

Sanitation

Both

‐0,2

‐0,2

‐0,4

‐0,4

‐0,6

Nuisance

PV‐panels

Heat pump

Solar boiler

Living‐costs savings

0,6

1

0,4

0,5

0,2
0

0
10 euro p/m 25 euro p/m 40 euro p/m

‐0,2

‐0,5

‐0,4
‐0,6

‐1

Figure 10.12: Part worth values per attribute. Note: none of the β’s is significant (p<0,05)

Dwelling expansion
Renovation of living…

Environment
Costs

Sustainable solutions

Conscious

Nuisance

Ease
Living‐cost savings
0,0%

10,0%

20,0%

30,0%

40,0%

Figure 10.13: Relative importance per attribute per profile

When the absolute difference between the highest and lowest part worth value are added
together, the relative importance per attribute per profile can be calculated. These results
are illustrated in figure 10.13. Even higher than expected does the profile Environment
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attach great importance to sustainable solutions and very little to living‐cost savings. On the
other hand the profile Ease has very constant choice behavior and is most concerned about
dwelling expansion. What is also not expected is the low importance for sustainable
solutions from the profile Conscious. They are the largest group but attach less importance
to sustainability than the profile Ease. Finally the profile Costs does not regard living‐costs
savings as the most important attribute. Overall it is remarkable that nuisance and living‐
costs savings are, on average, the least important for all profile groups, but in the MNL
model for all tenants this is the complete opposite.
Finally, when the base variables are compared with each other, it shows that the profile Ease
chooses the most for the ‘no choice’ option, compared to profile Environment and Costs that
accept the most of the packages, which could be expected. As mentioned before, only the
base part worth values are (almost) significant, therefore these results are indeed significant.
10.3.3 Latent Class Analysis
Besides the calculations per energy using profile, a Latent Class Analysis is conducted to
analyze if tenants can be segmented and if these segments have different characteristics.
Table 10.6 shows the output of all LCA models. A maximum of five classes could be found,
and this is also the LCA model with the best predictability (R2) and lowest AIC and BIC. Still,
the R2 is rather low, implicating that even this LCA model is not sufficient enough. However,
the part worth values in the fifth class show p‐values of 1,000 which indicates that this class
is very insignificant and does not fit. Therefore, the model with four classes is chosen,
because of the best values and most significant part worth values.
# Classes
2
3
4
5

McFadden R2
0,0974718
0,1363141
0,1547542
0,1929886

AIC
1,08484
1,04170
1,02294
0,98053

BIC
1,10652
1,07470
1,06725
1,03615

Model par.
FIT
FIT
BEST FIT
NO FIT

Table 10.6: LCA models with the number of classes found
Variable
β – Class 1 β – Class 2 β – Class 3 β – Class 4
Base
‐3,066
‐2,069
‐2,420
1,848
Expansion: no
‐1,312
1,083
‐1,115
‐0,060*
Expansion: expansion
1,898
‐0,617
0,060*
0,047*
Expansion: dormer
‐0,586
‐0,465
1,055
0,013
Living spaces: kitchen
‐0,939
‐0,018*
‐0,343*
0,007*
Living spaces: sanitation
0,461
‐0,115*
‐0,181
‐0,006*
Living spaces: both
0,478
0,134
0,523
‐0,001
Sustainable: PV‐panels
0,461
‐0,131*
0,388
0,062*
Sustainable: Heat pump
0,057*
‐0,118*
‐0,325*
0,023*
Sustainable: solar boiler
0,697
0,249
‐0,063
‐0,085
Nuisance: 3 out‐of‐house
‐0,452
‐0,538
0,396
0,050*
Nuisance: 3, nuisance
0,162*
0,344
‐0,486
‐0,971*
Nuisance: 4, decide‐yourself
0,291
0,194
0,090
0,921
Savings: € 10 p/m
‐1,648
‐0,639
‐0,024*
‐1,033*
Savings: € 25 p/m
0,854
‐0,176*
0,032*
0,077*
Savings: € 40 p/m
0,794
0,815
‐0,008
0,957
Table 10.7: Part worth values per LCA class. Note: * designates p > 0,05
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The four classes respectively cover 39,5%, 30,0%, 15,6% and 14,9% of all respondents. The
results are shown in table 10.7 and figure 10.14 and 10.15. The statistical results can be
found in appendix 7. Most part worth values are significant, except all values in class 4.
However, this is the smallest group and therefore the results could still lead to recognizable
conclusions. As the biggest groups, class 1 and class 2 show the same relative importance
per attribute (figure 10.15), but all attribute levels show contradictory results, except for the
attribute nuisance, as seen in figure 10.14. Moreover, class 2 shows some interesting results
in regards to dwelling expansion and nuisance. They are more interested in no expansion
and three weeks moving‐out instead of dwelling expansion and four weeks decide‐yourself
which could be seen as the most important attribute level in general. In addition, class 3
shows almost no relative importance in regards to living costs savings, which is quite
exceptional. Also, class 4 (which has no significant results) finds that nuisance and savings
are the most important attributes and thinks the opposite of expansion, renovation of living
spaces and sustainable solutions.
Dwelling expansion
3

Class 1 (39,5%)

2

Class 2 (30,0%)

1

Class 3 (15,6%)

0
‐1

No expansion Expansion

Class 4 (14,9%)

Dormer

‐2

Renovation of living spaces

Sustainable solutions

1

1

0,5

0,5

0
‐0,5

Kitchen

Sanitation

Both

0
PV‐panels

‐1

‐0,5

‐1,5

‐1

Nuisance
1,5

1

1

0
‐0,5

Solar boiler

Living‐costs savings

1,5

0,5

Heat pump

0,5
0
‐0,5

10 euro p/m 25 euro p/m 40 euro p/m

‐1

‐1

‐1,5

‐1,5

‐2

Figure 10.14: Part worth values per attribute
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Expansion
Class 1 (39,5%)
Renovation of living spaces

Class 2 (30,0%)
Class 3 (15,6%)

Sustainable solutions

Class 4 (14,9%)

Nuisance
Living‐costs savings
0,0%
10,0%
20,0%
Figure 10.15: Relative importance per attribute per class

30,0%

40,0%

50,0%

When all results are compared, the classes can be described as follows:
 Class 1 – “Costs minded”: This class does not differ much with class 2, but attach
importance to the renovation of living spaces and sustainable solutions;
 Class 2 – “Average tenant”: Same as class 1, but regards nuisance as a more
important attribute then the renovation of living spaces and sustainable solutions;
 Class 3 – “Higher living standards”: These tenants attach the most importance to a
larger living space, renovation of living spaces and sustainable solutions. They are not
concerned about savings in living‐costs and/or increasing rent;
 Class 4 – “Not interested”: It seems that this class is not interested in renovation, due
to the low importance for all alterations to their dwelling. However, they have a
strong opinion about nuisance and living‐costs savings.
With SPSS, the different social‐demographic characteristics of the respondents in each class
have been analyzed in order to find similarities. The variables used are age class, educational
level, work situation, household composition and, most important, the energy using profile.
Because four classes were found, it would be interesting if people that impute themselves in
a certain profile also react in accordance with this profile. With a one‐way ANOVA test, the
four classes are compared with the mentioned social‐demographic characteristics and
significant differences between groups were found for the characteristics energy using
profile, household composition and work situation.
With an ANOVA test the means can be compared, however, because the characteristics are
not ordinal, the mean does not describe the difference very well. Therefore, crosstabs have
been generated to show the observed and expected results per characteristic, resulting in a
better overview of differences. The notable differences for each class, together with the
conjoint choice results per Class are illustrated in table 10.8. The statistical results are shown
in appendix 8.
10.3.4 Scenario analysis
With the part worth values found in paragraph 10.3.1 and 10.3.2, the total worth value of a
renovation package can be calculated. When these total worth values are compared to each
other, insight can be given in what renovation packages are regarded the most likely to be
accepted by tenants. Moreover, with all calculated values, in combination with the results of
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Conjoint choice
results
Living spaces &
Sustainable solutions
minded
Nuisance minded

Energy using
profile
More Costs
less Conscious &
Environment
Average profile
deviation

Class 3 – “Higher
living standards”

Not attached to
living costs savings

Class 4 – “Not
interested”

Nuisance and living
costs savings minded

More
Environment &
less Costs
More Ease

Class 1 – “Costs
minded”
Class 2 – “Average
tenant”

Household
composition
More
households with
children
More singles &
households
without children
Less singles &
more elderly
and other
More singles &
less eldry and
families

Work situation
More part‐time
working people
More part‐time
working people
& students
More full‐time
working people
& less students
Less working
people & more
unemployed
and retired

Table 10.8: Social‐demographic characteristics of the Latent Classes

the different energy using profiles, renovation packages can be composed that could be of
interest for each profile group. Therefore, a scenario analysis will be conducted.
Two scenarios will be investigated: the most ideal renovation package for all tenants and the
four energy using profiles. The other scenario will be the most ideal renovation for
BrabantWonen (i.e. the least investment costs and a respective gain in energy label), with
the highest choose probability by tenants.
The method is already mentioned in paragraph 9.3.2, but will be elaborated more here.
When adding all part worth values per attribute level, a total worth is calculated. With the
formula in paragraph 9.3.2 that uses the total worth of the compared packages and the ‘no
choice’ option, the chance that both packages will be chosen compared to each other is
shown.
Table 10.9 illustrates all composed packages that will likely be chosen first by the
corresponding tenant group. Table 10.10 shows the packages that are the most optimal for
BrabantWonen. The probability calculations are described in more detail in appendix 9.
Attribute
All tenants
Ease
Conscious
Costs
Environment
Expansion
Expansion
Expansion
Expansion
Expansion
Expansion
Living spaces
Both
Both
Both
Both
Both
Sust.solutions
Solar boiler
Solar boiler
Solar boiler
PV‐panels
Solar boiler
Nuisance
4 w. dec.‐yours.
3 w. nuis.
4 w. decide
4 w. decide
3 w. out‐house
Savings
€ 40 p/m
€ 40 p/m
€ 40 p/m
€ 40 p/m
€ 25 p/m
Table 10.9: Packages with the highest part worth values for all tenants and energy using profile groups
Attribute
Optimal for BrabantWonen
Expansion
No expansion
Living spaces
Both
Sust.solutions
Solar boiler
Nuisance
3 w. nuisance
Savings
€ 25 p/m
Table 10.10: Packages optimized for BrabantWonen, for all tenants and energy using profile groups
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When the packages in table 10.9 are compared with the package in table 10.10 and the ‘no
choice package’ (see appendix 9 for the calculations), the choice probability can be
calculated. These are shown in table 10.11.
Package choice
All tenants Ease
Conscious
Optimal for tenant
63,0%
55,7%
62,9%
Optimal for BW
27,4%
30,9%
25,9%
No choice
9,7%
13,4%
11,2%
Table 10.11: Probability of choosing a certain tenant package

Costs
74,3%
20,7%
5,1%

Environment
53,4%
41,5%
5,1%

As mentioned in paragraphs 10.3.1 and 10.3.2, the profiles Costs and Environment choose
the most for a renovation package instead of the profiles Ease and Conscious. Moreover, it is
clear that the package that is optimal for BrabantWonen is less desired by all tenants and
tenant groups. However, the tenant group Environment is the most positive about the
renovation package optimal for BrabantWonen. The tenant group Costs is the most negative
about the BrabantWonen package. Mainly the attribute living‐costs savings is responsible for
this low percentage due to their low part worth value for € 25 p/m savings.
10.4 Conclusion
This chapter presented the results of the field research in order to answer the sub questions
as formulated in paragraph 1.2. First
Which renovation measures are seen as important by tenants and against what rent
increase?
&
Can there be renovation packages distinguished for different tenant characteristics
that are specified on their interests?
First all social‐demographic and housing characteristics of the respondents were elaborated,
followed by eight sustainability theorems and the conjoint choice experiment. The sample
group does represent the population to a certain extent, but does not represent the tenant
database of BrabantWonen.
The theorems are compared with the energy using profile of each respondent and analyzed
if there are significant differences between the profile groups and if these differences are
logical so it can be stated that respondents have validly classified themselves. Moreover, this
is done to give BrabantWonen an insight in their tenants and how they think about
sustainability in general because it is known that the citizens of ‘s‐Hertogenbosch are still
quite reluctant about sustainability, energy saving and so on. However, the results showed
that tenants, are actually concerned about the high energy prices and do think positive
towards sustainable renovation.
The conjoint choice experiment shows that tenants do think savings in living costs is the
most important aspect of a renovation. Moreover, sustainable solutions are regarded as the
most unimportant aspect. Although the predictability of the model is not sufficient, the
results are still very logical.
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With a multinomial logit model per energy profile and the Latent Class Analyses, distinction
between respondents and their choices were analyzed. The LCA model with four classes
showed some significant differences, and the classes differed significantly on the
characteristics energy using profile, household profile and working situation.
When the energy profiles were used to distinct the respondents, all groups tend to act
different between themselves on certain attributes. Although none of the results were
significant (p < 0,05), all profile groups showed logical results. For instance, the profile
Environment is satisfied with € 25 p/m savings and attaches the most importance to
sustainable solutions. On the other hand nuisance and living‐costs savings were the least
important which is the complete opposite when all tenants are analyzed together.
To still try to distinguish differences between groups, the scenario analysis has been
conducted. The most important packages for both tenant and BrabantWonen are found and
compared between the energy using profiles. These packages coincide on the most
attributes due to its limited input of five attributes but still show some differences; details
are shown in tables 10.9, 10.10 and 10.11.
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CHAPTER 11: CONCLUSIONS
In this chapter the results of the research will be discussed if it can answer the research
question:
“Can renovation packages specified for certain target groups, ensure that tenants
are more willing to participate in large‐scale renovations against rent increase?”
The conclusions will be elaborated step‐wise. Every chapter was concluded with an answer
to one of the sub questions as formulated in paragraph 1.2. These conclusions will be
described briefly in paragraph 11.1, starting with the governmental policies and goals, the
renovation measures from a technical viewpoint and the interests, benefits and restraints of
tenants. Paragraph 11.2 describes the conclusions of the sub questions answered in the field
research chapters 8, 9 and 10. After this, the research question mentioned above will be
answered.
11.1 Theoretical research
First of all, sustainability is necessary in order to keep our planet livable for generations to
come. The built environment is the biggest energy consumer in the world, and with
sustainability goals on a global, national and regional level this consummation should be
reduced. At this moment the Netherlands have goals determined for 2020, ‘s‐Hertogenbosch
even stated that in 2050 the municipality must be energy neutral.
Currently, the economic climate shows that investment power is reducing, and therefore the
goals are hard to achieve. Most notably housing associations, for which this research is
conducted, has to cope with many (financial) changes and cutbacks. However, they still have
to work on their housing stock in regards to enough choice for citizens, good maintenance of
dwellings and the sustainability. The sustainability of the housing stock, in order to maintain
the value of the total stock, could be an important aspect for a new business model that is
future‐proof.
The research is conducted at BrabantWonen, a financially stable housing association in
north‐east Brabant. Due to this situation, BrabantWonen never applied rent increase after
renovation therefore missing out on extra direct return. Therefore, it is of great importance
that the attitude of tenants should change so BrabantWonen can convince them that
sustainable renovation is necessary, expensive and the incentives between association and
tenant should be more equal than the current situation.
To cope with policies, the total renovation has to live up to certain standards. Therefore, a
technical analysis is made of all measures that could be applied by BrabantWonen, and their
costs and benefits are calculated. This resulted in packages with varying costs and benefits in
regards to energy labeling and possible direct return. It is made clear that a heat pump is a
very energy efficient measure, but at this moment the investment costs are hard to return
within the investment return period. The results of this technical analysis served as input for
the field research.
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Still, it can be concluded that large investments have to be made to reduce the energy
consumption of the selected dwelling typology (single‐family, period 1946‐1975) and to
improve the energy label. An energy label A can be obtained; in that case the rent can be
increased by approximately € 100 – 110 p/m and the energy savings for a four person
household can increase up to € 145 p/m. Even more, after a mutation, the rent can be
increased with € 142 per month according to the WWS point system when a dwelling goes
from energy label E to A.
Finally, the theoretical research is concluded with a research into the tenants’ benefits,
interests and restraints in regards to (sustainable) renovation. Tenants play an important
role in the renovation process. It is about their dwelling, they are involved and they have
their needs and wishes that need to be honored in order to achieve the 70%‐rule of
participation. There are different methods to change the attitude of tenants, but it can be
concluded that tenants want a feeling of involvement in the renovation process and choice
in renovation measures can be a trigger to increase the involvement and satisfaction of
tenants. Moreover, anticipating on the factors formulated by Green & Kreuter (1999) can
result in higher a satisfaction level and better participation. Also, using consultants or other
tenants that are more willing to renovate, the more suspicious tenant can be persuaded to
participate.
11.2 Field research
From all gathered literature study, a field research is designed to validate this information
and investigate new possibilities in tenants’ attitude toward renovations, sustainability and
their willingness‐to‐pay for certain renovation packages.
A survey is composed that asks for social‐demographic and housing characteristics and their
energy using profile in order to segment tenants to obtain tailor‐made renovation
information per segment. Moreover, sustainable theorems have been composed to
investigate if tenants really belong to the respective energy using profiles. Besides this, a
conjoint choice experiment is set up to investigate which renovation measures, composed in
consultation with BrabantWonen, are considered as important for tenants. With the energy
using profiles, distinctions could be made in certain tenant segments.
As mentioned before, a conjoint choice experiment is conducted among 271 tenants of
BrabantWonen. First, the sample group is not the best representation of the total tenant
database of BrabantWonen. Mainly students, single person households and younger people
responded to the survey. Moreover, the amount of respondents proved to be too little for
significant results at some parts of the survey; still, some interesting results were found for
BrabantWonen that back up earlier studies and the theoretical research.
After this, the sustainable theorems are compared with the energy using profile of each
respondent and analyzed if there are significant differences between the profile groups. This
is done to give BrabantWonen an insight in their tenants and how they think about
sustainability in general because it is known that the citizens of ‘s‐Hertogenbosch are still
quite reluctant about sustainability, energy saving and such topics. Remarkably, the results
showed that tenants are actually concerned about the high energy prices and do think
positive towards sustainable renovation. It has to be noted that the sample group is not a
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good representation of the total tenant database; for instance, the elderly are under‐
represented but are regarded as important by BrabantWonen to reach, because they are
known for their low knowledge in regards to sustainability.
The conjoint choice experiment shows that tenants do think savings in living costs is the
most important aspect of a renovation. On the other hand, sustainable solutions are
regarded as the least important aspect.
With a multinomial logit model per energy profile and the Latent Class Analyses, distinction
between respondents and their choices were analyzed. The LCA model with four classes
showed significant differences between all part worth values, and after the calculation of the
relative importance of every attribute, the four classes can be described as follows:
 Class 1 – “Costs minded”;
 Class 2 – “Average tenant”;
 Class 3 – “Higher living standards”;
 Class 4 – “Not interested”.
With SPSS, the different social‐demographic characteristics of the respondents in each class
have been analyzed in order to find similarities. With a one‐way ANOVA test, the four classes
are compared with the social‐demographic characteristics and significant differences
between groups were found for the characteristics energy using profile, household
composition and work situation. Moreover, with crosstabs the observed and expected
results per characteristic are analyzed, resulting in a better overview of differences.
When the energy profiles were used, respondents tend to act different within these groups
on certain attributes. Although none of the results were significant (p < 0,05), the profile
groups showed some logical behavior. Even higher than expected does the profile
Environment attach great importance to sustainable solutions and very little to living‐cost
savings. On the other hand the profile Ease has very constant choice behavior and is most
concerned about dwelling expansion. Overall it is remarkable that nuisance and living‐costs
savings are, on average, the least important for all profile groups, but in the MNL model for
all tenants this is the complete opposite.
With that information, the scenario analysis has been conducted. First, the most important
packages for both tenant and BrabantWonen are found and compared between the energy
using profiles. These packages coincide on the most attributes due to its limited input of five
attributes but still show some differences and details are shown in tables 11.1.
Attribute
All tenants
Ease
Conscious
Costs
Expansion
Expansion
Expansion
Expansion
Expansion
Living spaces
Both
Both
Both
Both
Sust.solutions
Solar boiler
Solar boiler
Solar boiler
PV‐panels
Nuisance
4 w. dec.‐yours.
3 w. nuis.
4 w. decide
4 w. decide
Savings
€ 40 p/m
€ 40 p/m
€ 40 p/m
€ 40 p/m
Table 11.1: The most optimal packages for all tenants and for every energy using profile

Environment
Expansion
Both
Solar boiler
3 w. out‐house
€ 25 p/m
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11.3 Answering the research question
This leads back to the research question: “Can renovation packages specified for certain
target groups, ensure that tenants are more willing to participate in large‐scale
renovations against rent increase?”
It can be concluded that with these survey results, certain distinctions can be made between
tenants and their energy using profile. Moreover, with the LCA model, significant distinctions
between tenant groups were discovered.
When the energy using profiles were compared to each other, Environmental tenants
showed more interest in sustainable measures than the rest. In general this was the least
important attribute, but the energy using profile segmentation proved there are distinctions.
Also, the profile Costs has the highest part worth value of the € 40 p/m savings level at the
living costs savings attribute. The profile Conscious, the biggest group, shows the most
general results as was expected. Finally, the profile Ease thinks staying at home during the
renovation is very important, instead of the profiles Conscious and Costs that rank the
decide‐yourself attribute level as the most important.
Although some results showed up insignificant, a scenario analyses is conducted to show
that when results are significant, BrabantWonen and other housing associations can
generate useful information in which renovation packages will be accepted by tenants. With
this scenario analyses, optimal packages for tenants groups can be defined and compared to
the current situation or another proposed package by the housing association. Moreover,
the most acceptable package for tenants can be generated that is also feasible for the
housing association and could generate direct return on renovation investments because of
the proposed rent increase after renovation.
Still, it has to be noted that convincing tenants to participate in sustainable renovation is
dependent on many factors. The concepts choice, together with renovation packages and an
approach that focuses on living‐costs savings can contribute, but there are many more ways
to convince tenants. First of all, as discovered in this research, segmenting tenants can help
convincing them more easily. Moreover, the use of advisors and/or other tenants that are
easier to convince can help to tackle the harder to convince tenants.
11.4 Discussion
As mentioned before, the output of the tenant survey is not sufficient enough to generate
significant conclusions. Also, the sample group represents the population but not the total
tenant database of BrabantWonen. Still, the results show interesting aspects that can be
used by BrabantWonen and will be discussed later in the recommendations. However, those
tenants that are hard to reach and convince, older tenants and immigrants, were under
present in the sample group. This probably has to do with the distribution of the survey
through e‐mail. Most of these hard to reach tenants do not have an e‐mail address. Due to
time limit the survey could not be sent to home addresses by mail or visits at home.
Another aspect that has been left out is the tenants’ income level and the rent level of their
dwelling. This could be valuable information in terms of their ‘relative’ satisfaction level. In
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this research, the satisfaction of a respondent and the demand for comfort has been left out
but could be valuable information to distinguish the more demanding tenant.
Moreover, the initial research goal was to investigate the willingness‐to‐pay for certain
renovation measures. However, due to the experiment plan, the first order interaction
effects could not be investigated afterwards. Therefore, only the main effects were
analyzed, leaving out the willingness‐to‐pay aspect of the research. In addition, due to the
convenience of the survey, the attributes were reduced to five, resulting in only the most
important aspects for BrabantWonen and its tenants.
Other aspects of the survey were also not executed optimal. In the conjoint choice
experiment the mistake in the living spaces renovation attribute where not all levels were
independent, could have lead to biased results. Moreover the conjoint choice experiment
could not be presented randomized which also could have lead to more valid results. Now,
choices in the past could have influenced future choices of the respondents.
In this research, the scenario analyses were conducted only for all tenants and the different
energy using profiles. However, this can also be conducted per attribute level. When all
other attribute levels of the compared packages are the same, per energy using profile the
difference in chance for that attribute can be calculated. Moreover, the scenario analysis can
be conducted for the Latent Classes. The classes did show distinctions between them so a
scenario analysis could be useful.
Another important discussion is the every changing sector housing associations operate in.
During the research, the Rutte‐II administration was formed and revised the governmental
policies in regards to the (social) housing sector resulting in cutbacks for housing
associations. Most of these policy measures are taken into account, even the newly
formulated coalition agreement as of February 13, 2012. Still, the financial calculations of
renovation measures were done with 21% VAT; however renovation of existing dwellings
will be stimulated by introducing the low VAT rate (6%), saving 15% on renovations.
This also shows the importance of the sustainability topic. Every month, new ideas, models
and ways to green the housing stock or other sectors arise, and governmental plans differ as
much.
11.5 Recommendations
In addition to the discussion, some recommendations are formulated for future research and
BrabantWonen (and housing associations in general).
Future research
 A similar research among a larger group of tenants that focuses purely on the
conjoint choice experiment should be investigated, in which more attributes can be
implemented and first order interactions can be conducted. Then the willingness‐to‐
pay can be investigated for all chosen measures;
 This research focused on segmentation in energy using profiles. Research can be
done in segmenting residents in other groups (i.e. lifestyle, personal interests);

83

Convincing tenants to participate in sustainable renovation






Groups that were not reached in this research such as retired residents and non‐
western immigrants should be reached because they are the most difficult target
groups in regards to the willingness to participate. For instance, conducting the field
research through mail or house visits, could lead to more response from these
groups;
The technical focus of this research was on single‐family dwellings, period 1946‐1975.
It is recommended to investigate other dwelling typologies in order to achieve
different results. For instance, apartments from the 1960s show the same technical
issues as the single‐family dwellings treated in this research;
During the research period the focus shifted more to the tenants’ perspective and
their interests and wishes. Extensive research has been done to these topics;
however these were very theoretical. It could be investigated what forms of tenant
participation are possible for housing associations and how this relates with the
satisfaction level of tenants.

Housing associations and BrabantWonen
 A large majority of the respondents answered that they are willing to participate in
sustainable renovation. On the other hand, when rent increases, they want to see
some guarantees that the energy costs will reduce with the same amount. Housing
associations such as BrabantWonen could investigate this way of guaranteeing
savings in convincing tenants to participate in renovation.
 Despite some results are insignificant, BrabantWonen can contribute from this
research in regards to sustainability and the way of thinking of the citizens of ‘s‐
Hertogenbosch. For instance, it was believed that tenants want to move out during a
renovation but results showed otherwise.
 Although the respondent rate was rather low, there could be made a distinction in
tenant groups. When they are approached in an early stage of the planning process
with a survey, tenants can be asked about their opinion on sustainability and
different social‐demographic characteristics, which could lead to specified renovation
packages.
 The results from the energy use profile Environment showed interesting results. They
regard sustainable solutions as very important measures to their dwellings.
Compared with the recommendation to let tenants that are more willing to
participate help convince the harder to reach tenants, the environment‐minded
persons in a neighborhood can contribute to this task. This can be tested by running
a case study.
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APPENDIX 1: FINANCIAL CALCULATION MODEL
The calculation of the costs and benefits of all renovation measures is done with a simple
calculation model BrabantWonen have once used to calculate a certain rent increase.
First, this model calculates the linear redemption per month and year. The model also takes
interest costs (2%) into account, but only to show what the maximum part is, BrabantWonen
has ton contribute to fully pay‐off the measure.
An example of one of the calculations is given below:

Lineaire afschrijving
Dit is verhuur voor een periode die ongeveer gelijk is aan de econonmische gebruiksduur van een
duurzaamproduct
voorbeeld HR107 boiler
Aanschafwaarde/ totale kosten
Rekenperiode
ec.nom levensduur in maanden
Intrest en andere kosten

Lineaire aflossing per maand
Lineaire aflossing per jaar

€ 2.735,00

Aanschafwaarde nu
Aanschafwaarde na
40jaar ec.nom.levensduur
480
Totaal nu
2,00%
Ec.nom.levensduur

€ 2.735,00
€ 4.064,07
€ 6.799,07
20jaar

€ 14,16
€ 68,38
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APPENDIX 2: TENANT SURVEY
An overview of the survey as presented to all approached tenants.
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APPENDIX 3: CONJOINT CHOICE EXPERIMENTAL DESIGN
Choice set

Package

1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9

6
15
5
10
3
11
4
9
7
18
2
8
12
13
1
16
14
17

94

Expansion
E1
‐1
0
1
0
‐1
1
‐1
1
1
‐1
0
1
0
1
0
‐1
0
‐1

E2
‐1
1
0
1
‐1
0
‐1
0
0
‐1
1
0
1
0
1
‐1
1
‐1

Living spaces
Q1
‐1
1
‐1
‐1
0
0
1
‐1
0
‐1
1
0
‐1
1
0
1
1
0

Q2
‐1
0
‐1
‐1
1
1
0
‐1
1
‐1
0
1
‐1
0
1
0
0
1

Sustainable
solutions
SU1
SU2
0
1
0
1
0
1
‐1
‐1
‐1
‐1
‐1
‐1
1
0
1
0
0
1
‐1
‐1
1
0
1
0
1
0
‐1
‐1
0
1
0
1
‐1
‐1
1
0

Nuisance
N1
0
‐1
1
1
1
0
0
0
‐1
‐1
1
1
‐1
‐1
0
1
0
‐1

N2
1
‐1
0
0
0
1
1
1
‐1
‐1
0
0
‐1
‐1
1
0
1
‐1

Savings
SA1
1
0
0
‐1
1
0
0
‐1
1
0
0
1
1
‐1
‐1
‐1
1
‐1

SA2
0
1
1
‐1
0
1
1
‐1
0
1
1
0
0
‐1
‐1
‐1
0
‐1
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APPENDIX 4: ANOVA STATISTICS
GET
FILE='D:\My Documents\CME\Enquete\dataset.sav'.
DATASET NAME DataSet2 WINDOW=FRONT.
ONEWAY
duurz_stijgende_prijzen
duurz_informatie
duurz_huuroverenergie
duurz_openvooronderhoud duurz_zelfbepalenwanneer duurz_meerhuurminderener
duurz_garanties duurz_comfortoverinspraak BY profiel
/STATISTICS DESCRIPTIVES HOMOGENEITY
/MISSING ANALYSIS
/POSTHOC=TUKEY ALPHA(0.05).
Descriptives
95% Confidence
Interval for Mean
Std.
N
duurz_stijgende_prijzen

Std.

Lower

Upper

Mean Deviation Error

Bound

Bound

Minimum Maximum

gemak

19

2,63

1,165

,267

2,07

3,19

1

5

bewust

158

1,68

1,041

,083

1,52

1,85

0

5

kostenbesparend

68

1,22

1,131

,137

,95

1,49

0

5

milieubewust

26

1,38

,898

,176

1,02

1,75

0

3

271

1,61

1,110

,067

1,47

1,74

0

5

gemak

19

2,11

1,197

,275

1,53

2,68

0

5

bewust

158

1,34

1,063

,085

1,17

1,51

0

5

kostenbesparend

68

1,21

1,030

,125

,96

1,46

0

5

milieubewust

26

1,15

,967

,190

,76

1,54

0

4

271

1,34

1,073

,065

1,21

1,47

0

5

gemak

19

1,58

1,017

,233

1,09

2,07

0

5

bewust

158

1,99

1,097

,087

1,82

2,17

0

5

kostenbesparend

68

2,09

1,103

,134

1,82

2,36

0

5

milieubewust

26

2,23

,951

,187

1,85

2,61

0

4

271

2,01

1,083

,066

1,88

2,14

0

5

gemak

19

1,58

1,261

,289

,97

2,19

0

5

bewust

158

,87

,812

,065

,75

1,00

0

5

kostenbesparend

68

,94

,944

,115

,71

1,17

0

5

milieubewust

26

,50

,762

,149

,19

,81

0

3

271

,90

,902

,055

,80

1,01

0

5

gemak

19

1,84

1,500

,344

1,12

2,57

0

5

bewust

158

1,48

,989

,079

1,33

1,64

0

5

kostenbesparend

68

1,71

1,282

,155

1,40

2,02

0

5

milieubewust

26

1,58

1,270

,249

1,06

2,09

0

4

271

1,57

1,136

,069

1,44

1,71

0

5

duurz_meerhuurminderener gemak

19

2,58

1,427

,327

1,89

3,27

0

5

bewust

158

1,87

1,163

,092

1,68

2,05

0

5

68

2,25

1,587

,192

1,87

2,63

0

5

Total
duurz_informatie

Total
duurz_huuroverenergie

Total
duurz_openvooronderhoud

Total
duurz_zelfbepalenwanneer

Total

kostenbesparend
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milieubewust

26

1,54

1,421

,279

,96

2,11

0

4

271

1,98

1,343

,082

1,82

2,14

0

5

gemak

19

1,74

1,408

,323

1,06

2,42

0

5

bewust

158

1,05

,996

,079

,89

1,21

0

5

kostenbesparend

68

,96

1,165

,141

,67

1,24

0

5

milieubewust

26

1,00

1,095

,215

,56

1,44

0

4

271

1,07

1,091

,066

,94

1,20

0

5

gemak

19

1,79

1,084

,249

1,27

2,31

0

5

bewust

158

1,96

1,158

,092

1,77

2,14

0

5

kostenbesparend

68

2,22

1,280

,155

1,91

2,53

0

5

milieubewust

26

2,27

1,079

,212

1,83

2,71

0

4

271

2,04

1,181

,072

1,90

2,18

0

5

Total
duurz_garanties

Total
duurz_comfortoverinspraak

Total

ANOVA
Sum of Squares
duurz_stijgende_prijzen

duurz_informatie

duurz_huuroverenergie

duurz_openvooronderhoud

duurz_zelfbepalenwanneer

duurz_meerhuurminderener

duurz_garanties

duurz_comfortoverinspraak
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Between Groups

df

Mean Square

32,309

3

10,770

Within Groups

300,443

267

1,125

Total

332,753

270

13,249

3

4,416

Within Groups

297,836

267

1,115

Total

311,085

270

5,256

3

1,752

Within Groups

311,711

267

1,167

Total

316,967

270

13,141

3

4,380

Within Groups

206,365

267

,773

Total

219,506

270

3,914

3

1,305

Within Groups

344,433

267

1,290

Total

348,347

270

18,856

3

6,285

Within Groups

468,052

267

1,753

Total

486,908

270

9,521

3

3,174

Within Groups

312,147

267

1,169

Total

321,668

270

5,899

3

1,966

Within Groups

370,654

267

1,388

Total

376,554

270

Between Groups

Between Groups

Between Groups

Between Groups

Between Groups

Between Groups

Between Groups

F

Sig.

9,571

,000

3,959

,009

1,501

,215

5,667

,001

1,011

,388

3,585

,014

2,715

,045

1,416

,238

Convincing tenants to participate in sustainable renovation
APPENDIX 5: MULTINOMIAL LOGIT MODEL (ALL RESPONDENTS)
--> NLOGIT;Lhs=CHOICE;Choices=1,2,no;Rhs=Basis,EXP1,EXP2,QUAR1,
QUAR2,SUST1,SUST2,NUIS1,NUIS2,SAVINGS1,SAVINGS2$
+---------------------------------------------+
| Discrete choice and multinomial logit models|
+---------------------------------------------+
Normal exit from iterations. Exit status=0.
+---------------------------------------------+
| Discrete choice (multinomial logit) model
|
| Maximum Likelihood Estimates
|
| Model estimated: Feb 21, 2013 at 00:38:46PM.|
| Dependent variable
Choice
|
| Weighting variable
None
|
| Number of observations
2439
|
| Iterations completed
5
|
| Log likelihood function
-2406.405
|
| Number of parameters
11
|
| Info. Criterion: AIC =
1.98229
|
|
Finite Sample: AIC =
1.98234
|
| Info. Criterion: BIC =
2.00845
|
| Info. Criterion:HQIC =
1.99180
|
| R2=1-LogL/LogL* Log-L fncn R-sqrd RsqAdj |
| Constants only
-2521.5227 .04565 .04350 |
| Response data are given as ind. choice.
|
| Number of obs.= 2439, skipped
0 bad obs. |
+---------------------------------------------+
+---------------------------------------------+
| Notes No coefficients=> P(i,j)=1/J(i).
|
|
Constants only => P(i,j) uses ASCs
|
|
only. N(j)/N if fixed choice set.
|
|
N(j) = total sample frequency for j |
|
N
= total sample frequency.
|
|
These 2 models are simple MNL models. |
|
R-sqrd = 1 - LogL(model)/logL(other) |
|
RsqAdj=1-[nJ/(nJ-nparm)]*(1-R-sqrd)
|
|
nJ
= sum over i, choice set sizes |
+---------------------------------------------+
+--------+--------------+----------------+--------+--------+
|Variable| Coefficient | Standard Error |b/St.Er.|P[|Z|>z]|
+--------+--------------+----------------+--------+--------+
BASIS
|
-.68365501
.05245406
-13.033
.0000
EXP1
|
-.13810628
.04454508
-3.100
.0019
EXP2
|
.25045076
.03970913
6.307
.0000
QUAR1
|
-.14734767
.05130407
-2.872
.0041
QUAR2
|
-.09863778
.05482145
-1.799
.0720
SUST1
|
.09787320
.06299665
1.554
.1203
SUST2
|
-.20883899
.06359168
-3.284
.0010
NUIS1
|
-.28148147
.06611654
-4.257
.0000
NUIS2
|
.06965513
.05158242
1.350
.1769
SAVINGS1|
-.44375828
.04755373
-9.332
.0000
SAVINGS2|
.07131848
.04685187
1.522
.1280
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APPENDIX 6: MULTINOMIAL LOGIT MODEL (PER ENERGY USING PROFILE)
-->
NLOGIT;Lhs=CHOICE;Choices=1,2,no;Rhs=Basis,Exp1,Exp2,Quar1,Quar2,Sust1,Su..
Nuis1,Nuis2,Savings1,Savings2,PR0BASIS,PR0EXP1,PR0EXP2,PR0QUAR1,PR0QUAR2,..
PR0SUST2,PR0NUIS1,PR0NUIS2,PR0SAVI1,PR0SAVI2,PR1BASIS,PR1EXP1,PR1EXP2,PR1..
PR1QUAR2,PR1SUST1,PR1SUST2,PR1NUIS1,PR1NUIS2,PR1SAVI1,PR1SAVI2,PR2BASIS,P..
PR2EXP2,PR2QUAR1,PR2QUAR2,PR2SUST1,PR2SUST2,PR2NUIS1,PR2NUIS2,PR2SAVI1,PR..
+---------------------------------------------+
| Discrete choice and multinomial logit models|
+---------------------------------------------+
Normal exit from iterations. Exit status=0.
+---------------------------------------------+
| Discrete choice (multinomial logit) model
|
| Maximum Likelihood Estimates
|
| Model estimated: Feb 21, 2013 at 00:42:21PM.|
| Dependent variable
Choice
|
| Weighting variable
None
|
| Number of observations
2439
|
| Iterations completed
6
|
| Log likelihood function
-2368.211
|
| Number of parameters
44
|
| Info. Criterion: AIC =
1.97803
|
|
Finite Sample: AIC =
1.97871
|
| Info. Criterion: BIC =
2.08265
|
| Info. Criterion:HQIC =
2.01606
|
| R2=1-LogL/LogL* Log-L fncn R-sqrd RsqAdj |
| Constants only
-2521.5227 .06080 .05225 |
| Response data are given as ind. choice.
|
| Number of obs.= 2439, skipped
0 bad obs. |
+---------------------------------------------+
+---------------------------------------------+
| Notes No coefficients=> P(i,j)=1/J(i).
|
|
Constants only => P(i,j) uses ASCs
|
|
only. N(j)/N if fixed choice set.
|
|
N(j) = total sample frequency for j |
|
N
= total sample frequency.
|
|
These 2 models are simple MNL models. |
|
R-sqrd = 1 - LogL(model)/logL(other) |
|
RsqAdj=1-[nJ/(nJ-nparm)]*(1-R-sqrd)
|
|
nJ
= sum over i, choice set sizes |
+---------------------------------------------+
+--------+--------------+----------------+--------+--------+
|Variable| Coefficient | Standard Error |b/St.Er.|P[|Z|>z]|
+--------+--------------+----------------+--------+--------+
BASIS
|
-1.55971414
.22642521
-6.888
.0000
EXP1
|
-.08292695
.14509515
-.572
.5676
EXP2
|
.06913959
.12893871
.536
.5918
QUAR1
|
-.18078885
.19095923
-.947
.3438
QUAR2
|
.03199543
.20305503
.158
.8748
SUST1
|
-.00990102
.25373055
-.039
.9689
SUST2
|
-.33589629
.24064627
-1.396
.1628
NUIS1
|
.07842884
.27381583
.286
.7745
NUIS2
|
-.02115452
.17194387
-.123
.9021
SAVINGS1|
-.27269301
.16183476
-1.685
.0920
SAVINGS2|
.14964246
.17014544
.879
.3791
PR0BASIS|
1.52284958
.28643307
5.317
.0000
PR0EXP1 |
-.19194467
.22548795
-.851
.3946
PR0EXP2 |
.21389367
.20397269
1.049
.2943
PR0QUAR1|
-.15725952
.26909069
-.584
.5589
PR0QUAR2|
.07142472
.29119419
.245
.8062
PR0SUST1|
.11236335
.33171157
.339
.7348
PR0SUST2|
.01315422
.32856270
.040
.9681
PR0NUIS1|
-.48114445
.35532893
-1.354
.1757
PR0NUIS2|
.33335179
.25763417
1.294
.1957
PR0SAVI1|
-.37086740
.24704929
-1.501
.1333
PR0SAVI2|
.15541879
.24598364
.632
.5275
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PR1BASIS|
PR1EXP1 |
PR1EXP2 |
PR1QUAR1|
PR1QUAR2|
PR1SUST1|
PR1SUST2|
PR1NUIS1|
PR1NUIS2|
PR1SAVI1|
PR1SAVI2|
PR2BASIS|
PR2EXP1 |
PR2EXP2 |
PR2QUAR1|
PR2QUAR2|
PR2SUST1|
PR2SUST2|
PR2NUIS1|
PR2NUIS2|
PR2SAVI1|
PR2SAVI2|

1.03709911
-.07121609
.19512451
.02382880
-.16233161
.07135086
.19713386
-.34224305
.08221703
-.15309975
-.10004483
.48352368
.02568441
.21517280
.12244898
-.16742571
.29371201
-.03587887
-.53167470
.08382305
-.22761592
-.10632738

.23570915
.15633831
.13898728
.20197189
.21477251
.26582466
.25386706
.28619809
.18430488
.17319008
.18051012
.25743740
.17245611
.15294353
.22172118
.23596896
.29192998
.27908283
.31343053
.20622995
.19073529
.19810930

4.400
-.456
1.404
.118
-.756
.268
.777
-1.196
.446
-.884
-.554
1.878
.149
1.407
.552
-.710
1.006
-.129
-1.696
.406
-1.193
-.537

.0000
.6487
.1603
.9061
.4498
.7884
.4374
.2318
.6555
.3767
.5794
.0604
.8816
.1595
.5808
.4780
.3144
.8977
.0898
.6844
.2327
.5915
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APPENDIX 7: LCA MODEL (4 CLASSES)
-->
LOGIT;Lhs=CHOICE;Choices=1,2,no;Rhs=Basis,EXP1,EXP2,QUAR1,QUAR2,SUST1,SUST2
,NUIS1,NUIS2,SAVINGS1,SAVINGS2;Pds=27;LCModel;Pts=4;par;maxit=200 $
+---------------------------------------------+
| Logit
Regression Start Values for CHOICE |
| Maximum Likelihood Estimates
|
| Model estimated: Feb 21, 2013 at 00:41:06PM.|
| Dependent variable
CHOICE
|
| Weighting variable
None
|
| Number of observations
7317
|
| Iterations completed
10
|
| Log likelihood function
-4372.030
|
| Number of parameters
11
|
| Info. Criterion: AIC =
1.19804
|
|
Finite Sample: AIC =
1.19805
|
| Info. Criterion: BIC =
1.20841
|
| Info. Criterion:HQIC =
1.20161
|
+---------------------------------------------+
+--------+--------------+----------------+--------+--------+----------+
|Variable| Coefficient | Standard Error |b/St.Er.|P[|Z|>z]| Mean of X|
+--------+--------------+----------------+--------+--------+----------+
BASIS
|
-1.43254838
.05133743
-27.905
.0000
.33333333
EXP1
|
-.27834782
.04452078
-6.252
.0000
.000000
EXP2
|
.42290591
.04447653
9.509
.0000
.000000
QUAR1
|
-.35349634
.04608185
-7.671
.0000
.000000
QUAR2
|
.13872489
.04663906
2.974
.0029
.000000
SUST1
|
.07957328
.04208725
1.891
.0587
.000000
SUST2
|
-.28932689
.04248034
-6.811
.0000
.000000
NUIS1
|
-.24422763
.04261710
-5.731
.0000
.000000
NUIS2
|
.04209385
.04208497
1.000
.3172
.000000
SAVINGS1|
-.65360462
.04490322
-14.556
.0000
.000000
SAVINGS2|
.26693866
.04384278
6.089
.0000
.000000
Normal exit from iterations. Exit status=0.
+---------------------------------------------+
| Latent Class / Panel Logit
Model
|
| Maximum Likelihood Estimates
|
| Model estimated: Feb 21, 2013 at 00:41:14PM.|
| Dependent variable
CHOICE
|
| Weighting variable
None
|
| Number of observations
7317
|
| Iterations completed
96
|
| Log likelihood function
-3695.440
|
| Number of parameters
47
|
| Info. Criterion: AIC =
1.02294
|
|
Finite Sample: AIC =
1.02303
|
| Info. Criterion: BIC =
1.06725
|
| Info. Criterion:HQIC =
1.03818
|
| Restricted log likelihood
-4372.030
|
| McFadden Pseudo R-squared
.1547542
|
| Chi squared
1353.180
|
| Degrees of freedom
37
|
| Prob[ChiSqd > value] =
.0000000
|
| Sample is 27 pds and
271 individuals.
|
| LOGIT (Logistic) probability model
|
| Model fit with 4 latent classes.
|
+---------------------------------------------+
+--------+--------------+----------------+--------+--------+----------+
|Variable| Coefficient | Standard Error |b/St.Er.|P[|Z|>z]| Mean of X|
+--------+--------------+----------------+--------+--------+----------+
---------+Model parameters for latent class 1
BASIS
|
-3.06568896
.20232993
-15.152
.0000
.33333333
EXP1
|
-1.31198361
.15089118
-8.695
.0000
.000000
EXP2
|
1.89821593
.15805433
12.010
.0000
.000000
QUAR1
|
-.93938180
.11430958
-8.218
.0000
.000000
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QUAR2
|
.46126849
.11013337
4.188
.0000
SUST1
|
.05722875
.08947799
.640
.5224
SUST2
|
-.75430355
.11734091
-6.428
.0000
NUIS1
|
-.45224279
.12295624
-3.678
.0002
NUIS2
|
.16163059
.09955072
1.624
.1045
SAVINGS1|
-1.64791800
.14867730
-11.084
.0000
SAVINGS2|
.85373383
.09394715
9.087
.0000
---------+Model parameters for latent class 2
BASIS
|
-2.06932552
.15211181
-13.604
.0000
EXP1
|
1.08281070
.14693591
7.369
.0000
EXP2
|
-.61747841
.13518549
-4.568
.0000
QUAR1
|
-.01845779
.11192765
-.165
.8690
QUAR2
|
-.11540489
.11319375
-1.020
.3079
SUST1
|
-.13054773
.09132916
-1.429
.1529
SUST2
|
-.11840837
.08549240
-1.385
.1660
NUIS1
|
-.53825662
.09528407
-5.649
.0000
NUIS2
|
.34423228
.09386498
3.667
.0002
SAVINGS1|
-.63910066
.11425766
-5.594
.0000
SAVINGS2|
-.17597630
.11225166
-1.568
.1170
---------+Model parameters for latent class 3
BASIS
|
-2.42012464
.27605529
-8.767
.0000
EXP1
|
-1.11526980
.18893121
-5.903
.0000
EXP2
|
.05979126
.21110390
.283
.7770
QUAR1
|
-.34293282
.17502658
-1.959
.0501
QUAR2
|
-.18056520
.15543787
-1.162
.2454
SUST1
|
.38828662
.13098902
2.964
.0030
SUST2
|
-.32525083
.12992007
-2.503
.0123
NUIS1
|
.39584098
.13724052
2.884
.0039
NUIS2
|
-.48591681
.15456807
-3.144
.0017
SAVINGS1|
-.02394798
.16376967
-.146
.8837
SAVINGS2|
.03197816
.14869685
.215
.8297
---------+Model parameters for latent class 4
BASIS
|
1.84753663
.23329185
7.919
.0000
EXP1
|
-.05957778
.11713416
-.509
.6110
EXP2
|
.04653663
.11373972
.409
.6824
QUAR1
|
.00665025
.11770617
.056
.9549
QUAR2
|
-.00579588
.11739512
-.049
.9606
SUST1
|
.06234988
.10912088
.571
.5677
SUST2
|
.02286549
.10599842
.216
.8292
NUIS1
|
.04985945
.10620640
.469
.6387
NUIS2
|
-.09708475
.10654406
-.911
.3622
SAVINGS1|
-.10331672
.11331728
-.912
.3619
SAVINGS2|
.07660318
.11190005
.685
.4936
---------+Estimated prior probabilities for class membership
Class1Pr|
.39473057
.03903431
10.112
.0000
Class2Pr|
.29988702
.03628343
8.265
.0000
Class3Pr|
.15636129
.02901172
5.390
.0000
Class4Pr|
.14902113
.02296439
6.489
.0000

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.33333333
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.33333333
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.33333333
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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APPENDIX 8: ANOVA STATISTICS FOR LCA MODEL (4 CLASSES)
GET
FILE='D:\My Documents\cme\Enquete\dataset.sav'.
DATASET NAME DataSet1 WINDOW=FRONT.
ONEWAY
profiel
geslacht
gezinssituatie
opleiding
lca_profiel
/STATISTICS DESCRIPTIVES
/MISSING ANALYSIS
/POSTHOC=TUKEY ALPHA(0.05).

werksituatie

BY

Descriptives
95% Confidence Interval
for Mean

N
profiel

geslacht

Minimu

Maximu

Deviation

Error

Bound

Bound

m

m

,720

,069

1,24

1,52

0

3

class 2

80

1,44

,777

,087

1,26

1,61

0

3

class 3

44

1,50

,876

,132

1,23

1,77

0

3

class 4

39

1,08

,580

,093

,89

1,26

0

3

Total

271

1,37

,754

,046

1,28

1,46

0

3

class 1

108

,59

,494

,048

,50

,69

0

1

class 2

80

,55

,501

,056

,44

,66

0

1

class 3

44

,52

,505

,076

,37

,68

0

1

class 4

39

,56

,502

,080

,40

,73

0

1

271

,56

,497

,030

,51

,62

0

1

108

1,00

1,479

,142

,72

1,28

0

5

class 2

80

,86

1,319

,147

,57

1,16

0

5

class 3

44

1,70

1,900

,286

1,13

2,28

0

5

class 4

39

,87

1,508

,241

,38

1,36

0

5

Total

271

1,06

1,535

,093

,87

1,24

0

5

class 1

108

3,07

1,951

,188

2,70

3,45

0

8

class 2

80

3,23

2,170

,243

2,74

3,71

0

9

class 3

44

2,80

1,948

,294

2,20

3,39

0

9

class 4

39

3,49

2,427

,389

2,70

4,27

0

9

271

3,13

2,088

,127

2,88

3,38

0

9

108

1,95

1,983

,191

1,58

2,33

0

5

class 2

80

2,13
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APPENDIX 9: SCENARIO ANALYSIS
SCENARIOS “ALL RESPONDENTS”
Attribute
Base
Expansion
Quarters
Sust.solutions
Nuisance

Package “Optimal
tenant”
0,000
0,250
0,246
0,111
0,212

Package “Optimal
BrabantWonen”
0,000
‐0,138
0,246
0,111
0,070

Liv.‐costs sav.
Total
Chance

0,372
1,192
63,0%

0,071
0,360
27,4%

No Choice
‐0,684
0,000
0,000
0,000
0,000
0,000
‐0,684
9,7%

SCENARIOS “ENERGY USING PROFILES”
Attribute

Package “Optimal tenant”

Package “Optimal BrabantWonen”

No Choice

Profile:

Ease

Ease

Ease

Base
Expansion
Quarters
Sust.solutions
Nuisance
Liv.‐costs sav.
Total
Chance

0,283
0,235
0,220
0,312
0,338
1,389
56%

Consc
ious
0,264
0,287
0,077
0,203
0,376
1,208
63%

Costs

0,284
0,194
0,284
0,391
0,457
1,609
74%

Envir
onm.
0,069
0,149
0,346
0,078
0,150
0,792
53%

‐0,275
0,235
0,220
0,312
0,305
0,797
30,9%

Conscio
us
‐0,154
0,287
0,077
0,061
0,050
0,321
25,9%

Costs

‐0,057
0,194
0,088
0,063
0,043
0,330
20,7%

Environ
m
‐0,083
0,149
0,346
‐0,021
0,150
0,540
41,5%

‐0,037
0,000
0,000
0,000
0,000
0,000
‐0,037
13,4%

Conscio
us
‐0,523
0,000
0,000
0,000
0,000
0,000
‐0,523
11,2%

Costs

Environm

‐1,076
0,000
0,000
0,000
0,000
0,000
‐1,076
5,1%

‐1,560
0,000
0,000
0,000
0,000
0,000
‐1,560
5,1%
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ABSTRACT
This research investigates how tenants can be convinced to participate in sustainable
renovation against rent increase. Housing associations are forced to improve their existing
housing stock in order to cope with governmental goals and to keep the stock competitive
and valuable. Moreover, rent increase is necessary to recoup costly investments due to new
regulations by the Rutte‐II administration. Therefore, a survey, including a conjoint choice
experiment, is distributed among tenants of BrabantWonen. The results of the survey and
choice experiment were used to gather information about what measures are regarded as
most important by tenants, in order to compose renovation packages focused on the
respondents’ energy using profile. Together with other factors mentioned in the theoretical
research, an advice is given to how to convince tenants with the living‐costs approach and
with choice in renovation packages.
Keywords: sustainable renovation, housing associations, choice, willingness to pay , conjoint
choice experiment
INTRODUCTION
In recent years there have been several developments which necessitate the sustainability of
the existing housing stock. Because the global real estate market is the number one energy
consumer (40% of the total consumption) and producer of CO2 (30% of the total production),
sustainability plays a very large role in housing development and management. In the
Netherlands, approximately 2.4 million of the 7.2 million dwellings in total belong to social
housing associations. Only 20% of these dwellings has an energy label B or higher. Therefore,
housing associations can contribute a lot to the sustainability of the Dutch housing stock.
When renovating the existing housing stock, housing associations still have to cope with
some bottlenecks. Financially it is a heavier burden for housing associations than ordinary
planned maintenance. Moreover, since the new ‘housing agreement’, which was introduced
on February 13, 2013, housing associations have to deal with new regulations that will
significantly affect the financial situation of most associations. When rent increase will be
applied after renovation, a direct return on investment can be guaranteed, which makes it
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able to recoup the renovation investments within the alleged lifetime of the renovation
measures. When a rent increase is proposed, tenants play an important role. 70% of the
tenants must agree to the renovation. However, they do not always act positive towards
(sustainable) renovation, especially if the rent will be increased afterwards. In this case
however, the tenant gets all the benefits in the form of a lower energy bill and more living
comfort and the housing associations can finance these benefits. Some housing associations
however are already practicing a rent increase after renovation, but most do not. One of the
reasons for this is that housing associations want to avoid conflicts with their tenants.
Therefore, the attitude of tenants towards sustainable renovation could and should be
changed in order to make great strides in the sustainability task of housing associations.
Tenants should be convinced that against a lower energy bill and better living comfort, a
certain rent increase is ordinary, and necessary for housing associations to stay operative. In
order to convince tenants to let the housing association renovate against rent increase they
should be more aware of the full package of benefits. Therefore, literature describes that the
‘living cost approach’ and the offer of renovation packages aimed at tenants’ preferences,
can play an important role in changing the tenants’ attitude. This problem definition leads
to the research question: “Can renovation packages specified for certain target groups,
ensure that tenants are more willing to participate in large‐scale renovations against rent
increase?”
The goal of this research is to find out if the living cost approach towards tenants and the
choice in renovation packages can contribute to the willingness and satisfaction of tenants
to participate in large‐scale sustainable renovations. The objective is to combine the
interests of the housing association (policy‐wise and financial) and the interests and benefits
of tenants, to generate input for a survey among tenants in order to investigate and validate
the gathered input.
THEORETICAL RESEARCH
The municipality of ‘s‐Hertogenbosch in which housing association BrabantWonen is active
and where this research will be conducted, has their future sustainability plans listed in the
Energy and Climate Program 2008‐2015. This Energy and Climate Program 2008‐2015 has
one important goal: that the municipality will be energy neutral in 2050.
Housing associations and sustainability
The sustainability task of housing associations is determined in ‘Convenant Energiebesparing
Corporatiesector’ introduced in 2008 by Aedes, the Woonbond and the (former) Ministry of
VROM and WWI. It states that the gas consumption of the existing housing stock should be
reduced by 20% in 2018. Moreover, all dwellings should be upgraded to energy label B or
with at least two energy label steps. Renovating the current dwelling stock is also of interest
for housing associations policy‐wise. The traditional business model which is based on the
increasing value of dwellings is not realistic anymore. Due to the absence of a new
(sustainable) business model, housing associations are forced to constantly sell their
dwellings in order to generate sufficient profit. When dwellings are being sustainable
renovated, rents can be increased significantly, which seems as an impulse for an
association’s direct cash flow which covers all direct investments.
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The research is conducted at BrabantWonen, at this moment still a financially solid housing
association in the municipalities Oss and ‘s‐Hertogenbosch. Two years ago BrabantWonen
composed the Policy Plan 2025, which also described the Energy Policy. BrabantWonen
follows the three principles of the Trias Energetica. First reduce the demand for energy by
taking care of the isolation of dwellings and after that use sustainable measures to generate
energy from natural sources. The goal is that all dwellings should at least have energy label C
and 60% energy label B or higher in 2025. Currently BrabantWonen does not charge a rent
increase after sustainable renovation. However, together with the current political situation,
this way of working is not future‐proof so it is considered to implement rent increase.
Sustainable renovation
The research will focus on single‐family dwellings from the period 1946‐1975. These
dwellings cover almost 30% of the total housing stock of BrabantWonen, and around 20% of
the housing stock in the Netherlands and the energy label of these dwellings differ between
E, F and G meaning they are of low energetic quality.
First, to give insight in what is necessary to obtain an energy label B or higher, different
renovation measures will be discussed and calculated. The model calculates the linear
redemption sum per month to make each measure feasible in its respective depreciation
period. Due to an annual inflation correction, no extra inflation and interest ratios are added
to the equation. In addition, the energy savings for a family consisting of four persons will be
listed to get an overview what the savings for tenants will be per measure.
Table 1 shows a renovation where the calculated rent increases are compared with the
savings per month. It shows that tenants can save up to € 30 p/m.
Current situation
Insulation
Glazing
Installations
Ventilation
PV panels
Living spaces
Energy label

Poor/moderate
Single glazing
VR boiler
Natural
None
Outdated
E

Situation after
renovation
Good
HR++ glazing
HR‐combi + solar boiler
Mechanical
15 m2 panels
Renovated
A

Rent increase
(per month)
€ 14
€7
€ 25
€ 23
€ 20
€ 28
€ 117

Savings
(per month)
€ 45
€ 20
€ 36
€ 16
€ 30
€0
€ 147

Table 1: Overview of energy label gain, rent increase and monthly savings

Tenants’ perspective
One of the most important aspects in regards to sustainable renovation is the tenants’
perspective. Therefore an overview from the tenants’ perspective is elaborated next. In
general, tenants profit the most from (sustainable) renovation. Lower energy costs are
guaranteed and the living comfort improves due to certain renovation measures. Besides
these benefits, tenants have interests as well. The most important interest is that their
current situation does not change in a negative way. For instance, nuisance during
renovation has to be as low as possible and a rent increase is not desired. Even when no rent
increase is asked so far by certain housing associations such as BrabantWonen, tenants act
suspicious when it comes to convincing them to participate in renovation. Therefore,
involving tenants in the preparation phase of the renovation can be of great importance to
give them a feeling of right of say. Too many times housing associations only have motives
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that are focused on their own profit, not the profit of tenants. Therefore, focusing on
tenants’ motives and giving them a say in the early phases of the renovation could result in
more satisfied tenants. However, it is of great importance that the degree of participation is
measured precisely because too much involvement leads to loss of overview and interest
from tenants. Moreover, too much involvement, especially when it comes to choice in
renovation, leads to short‐term mindedness, which collides with the long‐term vision
housing associations have. Besides the benefits and interests of tenants and the level of
involvement by tenants, there are still restraints among tenants to participate in
(sustainable) renovation. They are reluctant for change, especially the elder tenants (> 55
years), they are against any form of nuisance, do not think the renovation improves their
living situation or they do not think the associations policy is justifiable.
It is clear that great strides can be made in convincing tenants to participate in renovation.
Most important aspect is that tenants want to have a feeling of involvement in the
renovation process and choice can be a trigger to give them this involvement. Moreover, by
advising tenants (through third parties) and by approaching the right tenants that are more
willing to participate a successful planning phase can be reached, even against rent increase.
However, there will always be restraints and often these are hard to tackle. Still, with the
mentioned solutions, there are possibilities in changing the tenants’ attitude.
FIELD RESEARCH
Now the theoretical background is elaborated, the focus of the field research can be defined.
The problem focus can be determined as follows: “At this moment, rent increase after
(sustainable) renovations is uncommon at many housing associations such as
BrabantWonen, but necessary for future financial stability.”
It is inevitable that housing associations have to ask for a rent increase in order to stay
financially healthy, but at this moment this is not always the case. Therefore, it is of interest
what tenants’ needs and wishes are in regards to large scale sustainable renovations and
what their willingness to pay extra rent for certain measures is. This can be investigated by
executing a field research under tenants of BrabantWonen. The main research question is:
“What measures, and against what acceptable rent increase, can be taken to improve the
tenants’ willingness to participate in renovation?”
Methodology
A survey will be conducted which will first ask for some basic housing and household
characteristics from the tenants to distinguish or segment them later on. After that, their
opinion about renovations in general and sustainability/environmental awareness is asked.
This is distinguished in eight theorems that ask for the respondents’ opinion. Next, on the
basis of these theorems, respondents are asked in which energy using profile they fit: Ease,
Conscious, Costs or Environment. Finally, a conjoint choice experiment will be conducted.
Sustainable theorems
To analyze if the chosen energy using profile is valid, the means per energy using profile
group are compared with each other. With a splitting variable significant differences can be
discovered. In this case the energy using profile will function as the splitting variable. The
differences can be discovered with an ANOVA analysis and F‐test.
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Conjoint choice experiment
Conjoint stated choice experiments involve the design of product profiles on the basis of the
formulated product attributes and their respective levels. Respondents will then be asked to
repeatedly choose a certain profile from different sets of profiles. The variables that will be
randomly mixed throughout all choice sets are chosen and composed in consultation with
BrabantWonen and the findings from the field research. They are shown in table 2.
Attribute

Level 1

Level 2
2

Dwelling expansion
No expansion
2,5 m expansion
Renovation of living spaces Kitchen
Sanitation
Sustainable solutions
PV panels
Heat pump
Nuisance
3 weeks, out‐of‐house
3 weeks, nuisance
Living‐costs savings
€ 10 p/m
€ 25 p/m
Table 2: Conjoint choice experiment attributes and levels

Level 3
Dormer on front or back
Both
Solar boiler
4 weeks, decide‐yourself
€ 40 p/m

The total number of packages which can be chosen from can be calculated with a formula
and is called a full factorial design. In this case this would consist of 35 = 243 profiles, too
large to include in a survey. Therefore, a fractional factorial design, which presents a small
fraction of the full design is sufficient to discover the main effects for each factor level in the
experiment. In this case a fraction design of 18 profiles is calculated (nine choice sets of two
profiles). Moreover, all respondents will be asked after each choice if they would accept
both profiles. This is called the dual response format.
The methods used to calculate the required results are:
 Random utility theory:
When a respondent chooses between two alternatives, it can be assumed that he or she
picks the alternative that has the highest ‘total worth’ for this person. First, all ‘part
worth values’ can be calculated, and together with the base component, the total worth
of a package can be calculated:





With this information, the relative importance can be calculated. This simply shows
which attribute is regarded as the most important, compared to the others. This can be
done by taking the absolute difference between the lowest and highest part worth value.
To distinguish differences in the respondents’ energy using profile, the random utility
theory will be calculated per energy using profile by using interaction effects.
Latent Class Analyses:
With a Latent Class Analyses (LCA) a possible segmentation of respondents can be
derived from all results. The model makes it able to categorize people into two or more
classes using the observed items and can identify the items that have the biggest
distinction between the found classes. The LCA model formula is:
Scenario analysis:
When all parameters are predicted per attribute level, the total worth per energy profile
can be calculated with the sum of all part worth values. Now, every renovation package,
and even renovation packages that were not included in the choice experiment can be
compared to each other, and the chance that a certain package will be chosen instead of
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a compared package or a “no choice” option, can be calculated with the following
formula:

A scenario analysis can result in an overview which packages are the most convenient for
all respondents, or for each energy using profile.
RESULTS
The respondents are approached via the tenant database of BrabantWonen (department ‘s‐
Hertogenbosch). To save time, the survey is only sent to tenants with an e‐mail address.
Eventually, 1511 tenants were approached, from which 271 responded correctly.
The sample group was compared with
information from the Housing Lease
Energy using profile
7,0%
department at BrabantWonen and it was
mentioned that the sample group shows
9,6%
representative results for the population,
25,1%
but not for the whole tenant database.
Moreover, tenants were also asked to fill
in their energy using profile. The
58,3%
“Conscious” profile (in red) is by far the
largest energy using profile. Moreover,
the profile “Costs” (in green) is also well
represented. Still, almost 10% thinks he
Figure 1: Respondents’ energy using profile
or she is “Environmental” minded.
Tenants were then submitted some theorems about sustainability and renovation. With an
ANOVA test, these results were compared with the chosen energy using profile. Most
notable is that the majority of the tenants is concerned about rising energy prices and is
open to sustainable renovation. When their dwelling is being renovated, most tenants are
open for rent increase when the energy bill decreases with at least the same amount.
Moreover, guarantees by the housing association are more than welcome. Most important
about these results is that respondents have categorized themselves correctly in their
respective energy using profile.
Conjoint choice experiment
To validate the model, the Rho‐square value is analyzed for the model for all respondents
and the segmented model per energy using profile. Both Rho‐square values are below 0,2,
indicating that the predictors are not suitable, which could be expected due to the small
sample group. Still, the analyses show expected results.
Multinomial logit model for all respondents
First, all part worth values are calculated to indicate which attribute level is regarded as
most important. For dwelling expansion, results show that an expansion on ground level is
the most important attribute level. The renovation of living spaces also showed a very
logical result, however a mistake has been made in the formulation of the attribute levels.
Therefore, both showed up to be the most chosen level, which was expected. The
sustainable solutions attribute shows that respondents think equal as positive about PV‐
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panels and a solar boiler. At the same time, the heat pump has a negative influence. The
attribute nuisance shows interesting results. The ‘4 weeks decide‐yourself’ is the most
positive attribute level. At BrabantWonen they are questioning if people want to move out
instead of staying at home during the renovation, which is not the case among respondents.
The living‐costs savings results speak for themselves. The highest savings are regarded as
the most positive. From all the data gathered above, the relative importance per variable
can be calculated by using the absolute difference between the highest and lowest part
worth value. Figure 2 show the results. Living‐costs savings can be regarded as the key‐
variable, compared to the rest. The outcome can be interpreted as logical because people
tend to choose more for their own well‐being and living comfort, e.g. living‐costs savings and
nuisance.
Relative importance per attribute
Dwelling expansion
Renovation of living spaces
Sustainable solutions
Nuisance
Living‐cost savings
0,0%

5,0%

10,0%

15,0%

20,0%

25,0%

30,0%

35,0%

40,0%

Figure 2: Relative importance per attribute

Multinomial logit model per energy using profile
The model is also applied on the separated energy using profile groups. None of the values
are significant; however, some values still show some results that could be beneficial for this
research. Most notable are the values of the profile Environment. The attributes expansion,
nuisance and savings are of low importance for this profile. In comparison, the importance
of the sustainable solutions is very high. Also, the profile Costs has the highest part worth
value of the € 40 p/m savings level. The profile Conscious, the biggest group, shows the most
general results as was expected. The profile Ease thinks staying at home during the
renovation is very important. Results are shown in figure 3. Finally, when the base variables
are compared with each other, it shows that the profile Ease chooses the most for the ‘no
choice’ option, compared to profile Environment and Costs that accept most packages.
Dwelling expansion
Renovation of living…

Environment
Costs

Sustainable solutions

Conscious

Nuisance

Ease

Living‐cost savings
0,0%

10,0%

20,0%

30,0%

40,0%

Figure 3: Relative importance per attribute for segmentation in energy using profile

Latent Class Analyses
Besides the calculations per energy using profile, a Latent Class Analysis is conducted to
analyze if tenants can be segmented and if these segments have different characteristics. A
model with four classes proved to be the most convenient, because of the best validation
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values and most significant part worth values. The four classes respectively cover 39,5%,
30,0%, 15,6% and 14,9% of all respondents. Most part worth values are significant, except all
values in class 4. However, this is the smallest group and therefore the results could still lead
to recognizable conclusions. When these results are compared with the social‐demographic
characteristics per class, the four classes can be interpreted as shown in table 3. Significant
differences between groups were found for the characteristics energy using profile,
household composition and work situation.
Conjoint choice
results
Living spaces &
Sustainable solutions
minded
Nuisance minded

Energy using
profile
More Costs
less Conscious &
Environment
Average profile
deviation

Class 3 – “Higher
living standards”

Not attached to living
costs savings

Class 4 – “Not
interested”

Nuisance and living
costs savings minded

More
Environment &
less Costs
More Ease

Class 1 – “Costs
minded”
Class 2 – “Average
tenant”

Household
composition
More households
with children

Work situation

More singles &
households without
children
Less singles & more
elderly and other

More part‐time
working people &
students
More full‐time
working people &
less students
Less working people
& more unemployed
and retired

More singles & less
elderly and families

More part‐time
working people

Table 3: Social‐demographic characteristics of the Latent Classes

Scenario analyses
For the scenario analyses, two scenarios will be investigated: the most ideal renovation
package for all tenants and the four energy using profiles. The other scenario will be the
most ideal renovation for BrabantWonen (i.e. the least investment costs and a respective
gain in energy label), with the highest choose probability by tenants. When these packages
are compared to each other it shows that the package optimal for tenants is, indeed, the
most popular, but BrabantWonen its package is also of interest for most respondents or
respondent groups.
CONCLUSIONS
The results of the tenant survey showed that tenants, are actually concerned about the high
energy prices and do think positive towards sustainable renovation. It has to be noted that
the sample group is not a good representation of the total tenant database; for instance, the
elderly are under‐represented but are regarded as important by BrabantWonen to reach,
because they are known for their inadequate knowledge in regards to sustainability. The
conjoint choice experiment shows that tenants do think savings in living costs is the most
important aspect of a renovation. Moreover, sustainable solutions are regarded as the most
unimportant aspect. When respondents were segmented in Latent Classes or energy using
profile groups, distinctions could be made.
With these conclusions from the field research, the research question “Can renovation
packages specified for certain target groups, ensure that tenants are more willing to
participate in large‐scale renovations against rent increase?” can be answered. It can be
concluded that with the survey results, certain distinctions can be made between tenants
and their energy using profile. Moreover, with the LCA model, significant distinctions
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between tenant groups were discovered. When the energy using profiles were compared to
each other, Environmental tenants showed more interest in sustainable measures than the
rest. In general this was the least important attribute, but the energy using profile
segmentation proved there are distinctions. Also, the profile Costs has the highest part
worth value of the € 40 p/m savings level at the living costs savings attribute. The profile
Conscious, the biggest group, shows the most general results as was expected. Finally, the
profile Ease thinks staying at home during the renovation is very important, instead of the
profiles Conscious and Costs that rank the decide‐yourself attribute level as the most
important. Besides these clear distinction between tenant groups, it has to be noted that
convincing tenants to participate in sustainable renovation is dependent on many other
factors as mentioned in the literature study. First of all, as discovered in this research,
segmenting tenants can help convincing them more easily. Moreover, the use of advisors
and/or other tenants that are easier to convince can help to tackle the harder to convince
tenants. In this case, the environmental‐minded tenants in a neighborhood can help fulfill
this task.
Discussion
As mentioned before, the output of the tenant survey is not sufficient enough to generate
significant conclusions. Also, the sample group represents the population but not the total
tenant database of BrabantWonen. For instance, the tenants that are hard to reach and
convince (older tenants and immigrants) were under present in the sample group. This
probably has to do with the distribution of the survey through e‐mail. Most of these hard to
reach tenants do not have an e‐mail address. Moreover, the initial research goal of the
conjoint experiment was to investigate the willingness‐to‐pay for certain renovation
measures. However, the first order interaction effects could not be investigated afterwards.
In addition, due to the convenience of the survey, the attributes were reduced to five,
resulting in only the most important aspects for BrabantWonen and its tenants. In this
research, the scenario analyses were conducted only for all tenants and the different energy
using profiles. However, this can also be conducted per attribute level, such as the Latent
Classes. The classes did show distinctions between them so a scenario analysis could be
useful.
Another important discussion is the every changing sector housing associations operate in.
During the research, the Rutte‐II administration was formed and revised the governmental
policies in regards to the (social) housing sector resulting in cutbacks for housing
associations. Most of these policy measures are taken into account, even the newly
formulated coalition agreement as of February 13, 2012. Still, the financial calculations of
renovation measures were done with 21% VAT; however renovation of existing dwellings
will be stimulated by introducing the low VAT rate (6%), saving 15% on renovations. This also
shows the importance of the sustainability topic. Every month, new ideas, models and ways
to green the housing stock or other sectors arise, and governmental plans differ as much.
Recommendations
For future research, a similar research among a larger group of tenants that focuses purely
on the conjoint choice experiment should be investigated, in which more attributes can be
implemented and first order interactions can be conducted. Then the willingness‐to‐pay can
be investigated for all chosen measures. Moreover, a segmentation on other aspects could
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be interesting to analyze, such as lifestyle, personal interests, etc. In future research it is
important that the groups that were not reached in this research such as retired residents
and non‐western immigrants should be reached because they are the most difficult target
groups in regards to the willingness to participate.
The technical focus of this research was on single‐family dwellings, period 1946‐1975. It is
recommended to investigate other dwelling typologies in order to achieve different results.
For instance, apartments from the 1960s show the same technical issues as the single‐family
dwellings treated in this research. In regards to the tenants’ perspective there has been
done extensive research to these topics; however these were very theoretical. It could be
investigated what forms of tenant participation are possible for housing associations and
how this relates with the satisfaction level of tenants.
For housing associations such as BrabantWonen a large majority of the respondents
answered that they are willing to participate in sustainable renovation but they want to see
some guarantees that the energy costs will reduce with the same amount as the rent
increases. Housing associations could investigate this way to convince tenants to participate.
Moreover, in spite some results are insignificant, BrabantWonen can contribute from some
of the survey results. For instance, it was believed that tenants want to move out during a
renovation but results showed otherwise. Moreover, the results from the energy use profile
Environment showed interesting results. Even more, there could be made a distinction in
tenant groups. Through surveys in an early phase of the project, tenants can be asked about
their opinion on sustainability and different social‐demographic characteristics, which could
lead to specified renovation packages.
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ABSTRACT
Dit onderzoek tracht te achterhalen hoe huurders overtuigd kunnen om te participeren in
duurzame renovatieprojecten, tegenover een huurverhoging. Op dit moment zijn
woningcorporaties genoodzaakt om de bestaande voorraad te verbeteren om te voldoen aan
politieke doelstellingen en om de voorraad op waarde te houden en om het competitief te
houden met nieuwbouw. Bovendien is het van belang dat investeringen zo veel mogelijk
direct worden terugverdiend door het nieuwe woonakkoord, wat onlangs is voorgesteld door
de regering. Om dit te onderzoeken, een enquête met een conjunct meetexperiment is
gehouden onder huurders van BrabantWonen waar dit onderzoek is uitgevoerd. De
resultaten van de enquête zijn gebruikt om te achterhalen welke renovatiemaatregelen door
huurders als belangrijk worden geacht en om met deze informatie en specifieke
huurderskenmerken renovatiepakketten op maat te maken. Samen met andere
overtuigingsfactoren vermeld in het theoretisch onderzoek, adviezen zijn gegeven hoe
huurders te overtuigen door keuze te geven in renovatiepakketten, tegenover huurverhoging.
Keywords: duurzame renovatie, woningcorporaties, bereidheid te betalen, conjuncte
meetmethode
INTRODUCTIE
Recentelijk hebben verschillende ontwikkelingen er aan bijgedragen dat de huidige
woningvoorraad wordt verduurzaamd. In Nederland, ongeveer 2,4 van de 7,2 woningen
behoort toe aan de sociale huursector. Slechts 20% van deze woningen heeft een
energielabel B of hoger. Woningcorporaties kunnen dus veel bijdragen aan de
verduurzaming. Bij renovatie van de bestaande voorraad treden er echter enkele
bottlenecks op. Ten eerste staat hoogwaardige renovatie garant voor hoge investeringen.
Als er direct huurverhoging na renovatie gevraagd kan worden kan de investering direct
(deels) terugverdiend worden. Veel corporaties, waaronder BrabantWonen waar dit
onderzoek is uitgevoerd, hebben dit echter nog nooit gedaan, maar zijn door recente
politieke ontwikkelingen genoodzaakt dit te implementeren. Hier komen echter de huurders
om de hoek kijken waarvan 70% moet instemmen met de renovatie en alle
randvoorwaarden zoals huurverhoging. Huurders reageren echter in de regel erg negatief
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richting woningcorporaties als gerenoveerd gaat worden, helemaal tegen een
huurverhoging. Ironisch genoeg zijn het de huurders die alle voordelen ondervinden: ze gaan
minder energiekosten betalen en het wooncomfort wordt drastisch verbeterd. Hier dienen
huurders van overtuigd te worden. Literatuuronderzoek geeft tevens aan dat huurders
invloed geven, ze bewust maken van de totale woonlasten en keuze in maatregelen kan
bijdragen aan de overtuiging. Hierdoor is de volgende onderzoeksvraag opgesteld: “Kunnen
renovatiepakketten, gericht op specifieke huurderskarakteristieken er voor zorgen dat
huurders meer bereid zijn om te participeren in duurzame renovatie tegen huurverhoging?”
Het doel van dit onderzoek is om te achterhalen hoe het benaderen van huurders met de
woonlasten‐gedachte en keuze in renovatiepakketten kunnen bijdragen aan het instemmen
met een huurverhoging na renovatie. Hierbij zullen de belangen en technische
randvoorwaarden van de corporatie worden gecombineerd met de belangen, voordelen en
belemmeringen van huurders om zodoende tot een enquête te komen die onderzoek doet
naar de vergaarde input zodat hier nieuwe conclusies uit getrokken kunnen worden.
LITERATUURSTUDIE
Literatuurstudie laat ten eerste zien dat de gemeente ’s‐Hertogenbosch, waar het onderzoek
plaatsvindt, ambitieuze doelstellingen heeft voor het jaar 2050: de gemeente moet dan
energieneutraal zijn. Woningcorporaties kunnen hieraan bijdragen door een deel van de
vastgestelde 1.200 tot 1.500 woningen per jaar renoveren op zich te nemen. Voor
corporaties is landeijk een en ander vastgelegd in het ‘Convenant Energiebesparing
Corporatiesector’: o.a. moeten alle corporatiewoningen gemiddeld op energielabel B zitten
in 2002. Het onderzoek wordt uitgevoerd bij BrabantWonen. Zij hebben een beleidsplan
2025 opgesteld waar ook in wordt gesteld dat in dit jaar de woningen tenminste
energielabel C moet hebben en 60% energielabel B of hoger. Op dit moment voert
BrabantWonen geen huurverhoging door na renovatie, maar zien zij wel deze noodzaak. Het
onderzoek zal zich focussen op eengezinswoningen uit de periode 1946‐1975, welke bijna
30% van de voorraad van BrabantWonen inneemt en rond de 20% in heel Nederland. Deze
woningen staan bekend om hun slechte energetische kwaliteit. Om te achterhalen wat
allemaal noodzakelijk om deze woningen naar energielabel A (de ambitie) te renoveren, een
overzicht van maatregelen is gegeven met daarbij een kosten‐baten analyse for zowel
corporatie als huurder. Deze analyse laat zien dat wanneer een dergelijke woning wordt
gerenoveerd van energielabel E naar A, de huur redelijkerwijs verhoogd kan worden met €
117 p/m en de huurder na renovatie € 147 p/m minder aan energiekosten gaat betalen
waarbij is uitgegaan van een 4‐persoonshuishouden. Tevens is onderzoek gedaan vanuit de
huurder hoe zij tegen renovatie (en huurverhoging) aankijken. Ten eerste hebben huurders
de meeste baat bij renovatie doordat ze minder energiekosten gaan betalen en een betere
woning terugkrijgen. Toch is er vaak een focus op de negatieve zaken en belemmeringen.
Ten eerste willen huurders geen overlast en zijn dus huiverig voor renovatie. Daarnaast zijn
veel mensen huiverig voor verandering, vooral ouderen, zijn ze ervan overtuigd dat de
verbeteringen niet noodzakelijk zijn of willen ze in zijn geheel niets te doen hebben met de
woningcorporatie. Om huurders te overtuigen kan er op verschillende zaken ingespeeld
worden. Zo is het op de juiste manier betrekken van huurders in het voorbereidingsproces
erg belangrijk. Daarnaast is het gebruiken van externe adviseurs een positief punt om
huurders te overtuigen en kan het achterhalen van de “innovatieve” huurders in een wijk
voordelig werken doordat deze huurders ingezet kunnen worden om anderen te overtuigen
aangezien zij zelf snel omzijn.
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PRAKTISCH ONDERZOEK
Nu de theoretische achtergrond is verklaard, kan de onderzoeksvraag gedefinieerd worden:
“Welke maatregelen, en wat is een acceptabele huurverhoging, kunnen genomen worden om
de bereidheid van huurders om te participeren te verbeteren?”
Dit zal achterhaald door middel van een enquête onder huurders van BrabantWonen.
Huurders zal gevraagd naar enkele karakteristieken over zichzelf en hun woning. Daarnaast
zullen ze een energieverbruik profiel dienen op te geven. Met enkele
duurzaamheidsstellingen zal deze profielkeuze worden gevalideerd. De methodologie die
hiervoor gebruikt wordt is een ANOVA test. Hierna zal door middel van een conjunct
meetexperiment de waarden die huurders aan verschillende maatregelen hangen worden
geanalyseerd. De waarden die gebruikt worden staan in tabel 1. Deze waarden zullen
gerandomiseerd worden, in profielen worden geplaatst en door middel van negen keuzesets
van twee profielen aan de respondenten worden voorgelegd, het zogenaamde fractionele
factoren ontwerp waarmee de hoofdeffecten van iedere variabele achterhaald kan worden.
Dit zal gebeuren door middel van de random utility theory. Door de huurders te
segmenteren met het energieverbruik profiel zal met dummyvariabelen nogmaals de
random utility theory worden toegepast. Daarnaast zal met de Latente Klasse Analyse
getracht worden huurders in bepaalde klassen in te delen en te achterhalen wat de
overeenkomsten zijn tussen deze klassen. Tot slot zal met scenario analyses achterhaald
worden wat de kans is of renovatiepakketten die hoog worden aangeschreven door
huurders gekozen worden ten opzichte van een andere keuze.
Attribuut

Level 1

Level 2

Woninguitbreiding
Geen uitbreiding
2,5 m2 uitbreiding
Renovatie woonruimten
Keuken
Sanitair
Duurzame maatregelen
Zonnepanelen
Warmtepomp
Overlast
3 weken, uit huis
3 weken, overlast
Woonlasten besparing
€ 10 p/m
€ 25 p/m
Tabel 1: Attributen en niveau’s als input voor het conjunct meetexperiment

Level 3
Dakkappel
Beiden
Zonneboiler
4 weken, zelf beslissen
€ 40 p/m

RESULTATEN
Uiteindelijk hebben 271 respondenten gereageerd. De resultaten van het multinomiale logit
model laten het volgende zien:
 Als alle huurders worden geanalyseerd hechten zij het meeste waarde aan de
woonlasten besparingen, gevolgd door de overlast tijdens de renovatie. Duurzame
maatregelen worden als minst belangrijk gezien, wat te verwachten is aangezien de
gemiddelde huurder voornamelijk voor wooncomfort gaat.
 Wanneer de huurders ingedeeld worden in de gekozen energieprofielen, welke
valide bleken te zijn daar ze significante en logische lieten zien bij de
duurzaamheidsstellingen, zijn er interessante resultaten te zien. De Milieubewusten
hechten erg veel waarde aan duurzame renovaties en weinig waarde aan een
verlaging in woonlasten. Daarnaast wil het profiel Gemak graag thuisblijven tijdens
renovaties en zien de Kostenbespaarders het liefst een woonlastenbesparing van €
40 p/m.
 Met de Latente Klasse Analyse zijn vier klassen onderscheiden. Deze klassen
vertonen significante verschillen en zijn tevens geanalyseerd op significante sociaal‐
demografische kenmerken. Deze resultaten zijn weergegeven in tabel 2.
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Klasse 1 – “Kosten‐
besparend”
Klasse 2 –
“Gemiddelde
huurder”
Klasse 3 – “Hogere
standaarden”
Klasse 4 – “Niet
geïnteresseerd”

Conjuncte
meetresultaten
Living spaces &
Sustainable solutions
minded
Nuisance minded

Energieverbruik
profiel
More Costs
less Conscious &
Environment
Average profile
deviation

Not attached to
living costs savings

More
Environment &
less Costs
More Ease

Nuisance and living
costs savings minded

Gezinssamenstelling

Werksituatie

More households
with children

More part‐time
working people

More singles &
households without
children
Less singles & more
elderly and other

More part‐time
working people &
students
More full‐time
working people &
less students
Less working people
& more unemployed
and retired

More singles & less
elderly and families

Tabel 2: Vergelijking van de kenmerken per Latente Klasse



Scenario analyses tot slot zijn uitgevoerd met de meest optimale pakketten voor alle
huurders en de huurders ingedeeld per energieverbruikprofiel. Deze resultaten laten
zien dat deze pakketten inderdaad als meest positief worden gezien en
hoogstwaarschijnlijk gekozen worden ten opzichte van een pakket toegespitst op de
voordelen voor BrabantWonen.

CONCLUSIES
De resultaten van de enquête en het onderzoek laten zien dat huurders wel degelijk
geïnteresseerd zijn in duurzame renovatie. De groep respondenten is niet een goede
representatie van de gehele huurdersbestand van BrabantWonen maar toch zijn de
resultaten interessant te noemen. Met deze resultaten zal de eerder geformuleerde
onderzoeksvraag worden beantwoord. Huurders kunnen gesegmenteerd worden en
onderscheiden zich hierin met gedifferentieerde wensen. Het gebruik van het
energieverbruikprofiel laat dit zien, maar ook het LKA model laat vier afzonderlijke klassen
zien. Deze data kan toegepast worden bij renovatieprojecten om bijvoorbeeld daarmee de
Milieubewusten te onderscheiden en deze personen de kar te laten trekken om overige
huurders om te krijgen.
Voor dit onderzoek, de respondentengroep bleek niet groot genoeg en ook geen perfecte
afspiegeling van het volledige huurdersbestand van BrabantWonen. De lastig over te halen
groepen zijn daarom niet bereikt. Tevens is niet gelukt met het onderzoeksmodel de
interactie tussen huurverhoging en losse maatregelen te analyseren. Tot slot kan gesteld
worden dat de tijd erg snel gaat: gedurende het onderzoek in het woonbeleid van de
regering twee keer gewijzigd waardoor regelgeving rondom corporaties alsmaar blijft
veranderen. Voor toekomstig onderzoek kan aangeraden worden een grotere groep te
bereiken die tevens alle soorten huurders omvat. Daarnaast zou het onderzoeken van
interactie tussen huurverhoging en losse maatregelen interessant zijn om te onderzoeken.
Ook onderzoek naar een andere woningtypologie zoals appartementen kan aangeraden
alsmede een onderzoek naar het participatieniveau van huurders op het praktisch vlak. Voor
woningcorporaties zoals BrabantWonen kan aangeraden worden te kijken hoe een
woonlastengarantie geïmplementeerd kan worden. Tevens kan met zekerheid gesteld
worden dat huurders het liefst in hun woning willen blijven tijdens renovatie en is het
interessant om de groep Milieubewusten te benaderen om andere huurders te overtuigen.
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