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Preface

PREFACE

This report is my master thesis for the master ‘Architecture, Building and Planning’ at Eindhoven
University of Technology. After four years of study, it was time to start with my master thesis. It was
immediately clear for me that | wanted an interdisciplinary graduate studio where | could combine
my interest in researching human aspects as well as sustainability of the built environment. All these
aspects came together in the graduate studio ‘Heritage, Energy Efficiency and Dutch Cities’.

Within this studio, we created insight into the energy efficiency of Dutch cities by means of big data.
With the introduction of the definite energy label, we explored a current issue in the Netherlands. It
was fun to organize our unique event ‘The Saving Energy Battle’ and to become heroes by helping
homeowners in getting their definite energy label. Furthermore, this resulted in a paper about raising
the energy efficiency of Dutch Cities.

As a follow-up, | have been working on this report with a lot of fun for five months. | was happy that |
had the opportunity to discover a new research field, which is also related to my second master
‘Innovation Sciences’. Also, analysing data appeared to be really fun especially when results became
clear. However, | never expected to finish my architecture master with more Excel graphs than
drawings but | discovered that data could be designed as well in order to express the right findings.

At last, | would like to thank my tutors for always being critical and helping me to approach my
project and data from different sides. Furthermore, | would like to thank my family and friends for
supporting me during my whole study and for motivating me when times were hard. | would have
never achieved this result without their support.

So dear reader, | hope that you will get inspired by reading my report and do your bit in improving
the sustainability of this world and have as much fun with reading it as | had with making it!

Laurie van Krugten,

Eindhoven, August 2015




HOMEOWNERS’ MOTIVATION FOR APPLYING ENERGY SAVING MEASURES




Summary

SUMMARY

Sustainability is an important issue with the increasing gashouse emissions and resource depletion nowadays.
The current residential building stock plays a pivotal role in creating a more sustainable world. Increasing the
energy efficiency of historical dwellings, which are defined as dwellings built in or before 1974, would decrease
unfavourable effects on the environment. Homeowners of historical dwellings can together significantly
increase energy efficiency by applying energy saving measures, but the application of these is still lacking
behind compared to expectations. Motivations of homeowners for applying energy saving measures are
essential in understanding behaviour and increasing the application of energy saving measures. Namely,
motivation is a forerunner to action, the reason why people act and make certain decisions. Since literature
does not distinguish motivations for different energy saving measures or for different kind of homeowners, this
research aimed to explore the motivations of homeowners with these distinctions. Additionally, it aimed to
explore recommendations for a national prospective research, such as WoON and to develop several policy
recommendations since policies do not yet consider motivations and thus might be ineffective.

This research has used a quantitative approach with descriptive and inferential statistical methods. The
motivations of homeowners were explored by means of an online questionnaire that addressed homeowners
of historical dwellings in Slotermeer, Slotervaart (Amsterdam), Mariahoeve (Den Haag) and Ommoord
(Rotterdam). Six energy saving measures were defined for this research based on the definite energy label;
glazing, insulation, ventilation system, heating system, extra tap water system and sustainable energy options.
Motivations were separated in underlying factors that unconsciously influence the decision-making process of
homeowners and conscious reasons that were consciously mentioned by homeowners. Based on significant
differences on the energy performance and proactivity of homeowners (number of applied measures),
underlying factors were explored. Conscious reasons were explored for energy saving measures in general, per
energy saving measure, for three categories of homeowners based on the energy performance of their
dwelling and nine categories based on the proactivity of the homeowner and the energy performance of their
dwelling. Together, underlying factors and conscious reasons form the motivation of homeowners of historical
dwellings for the application of energy saving measures.

Underlying factors identified in this research are building typology, building sub-typology, construction year,
neighbourhood and energy label of the dwelling and age, energy consciousness, the role of appearance in the
decision-making process and expected energy label of homeowners. Apart from underlying factors, also several
conscious reasons were explored in this research, which are defined as drivers and barriers. In general,
homeowners are motivated for the application of energy saving measures by necessary maintenance and
inhibited by an assumed lack of benefits. However, major drivers and barriers do differ between energy saving
measures since necessary maintenance is only the most often mentioned driver for the application of heating
systems and extra tap water systems. Major drivers for other energy saving measures are comfort and cost
savings, while environmental saving is not a major driver for any of the energy saving measures. Additionally,
the VVE and a lack of financial resources are also major barriers besides an assumed lack of benefits.
Furthermore, conscious reasons are related to the proactivity of a homeowner and the energy performance of
their dwelling since major drivers and barriers differ. Homeowners of a dwelling with a low energy
performance and average proactive homeowners more often mention the VVE as barrier and homeowners of a
dwelling with a high energy performance more often mention the applicability as barrier.

These results provided opportunities for a larger national research, such as a follow-up research in the
sequence of WoON, with an improved methodology based on limitations of this research. Additionally, it
explicated several new research fields such as an exploration of the affect of authority levels, such as the VvE
on the decision-making process of homeowners or the correlation between cultural value and the application
of energy saving measures. Based on findings of this research, policies can be more effective by considering
homeowners’ motivation in the development process of policies instead of just providing financial incentives or
promoting environmental saving since this will nor be effective for all energy saving measures nor for all kind of
homeowners. The assumed lack of benefits, which is a major barrier, could be overcome by clearly identifying
benefits of energy saving measures that are defined by homeowners. Furthermore, categorizing homeowners
according to their proactivity and the energy performance of their dwelling could lead to more effective and
customized policies that overcome barriers and promote opportunities and benefits for the application of
energy saving measures. More effective policies could motivate homeowners that together can increase the
energy efficiency of Dutch cities and decrease unfavourable effects on the environment.
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1 SCIENTIFIC DESCRIPTION

1.1 INTRODUCTION

Sustainability is a commonly used word by both experts and layman and is often heard in news and
advertisements. But how willing are we, as citizens, to improve the sustainability of our
environment? And in particular the sustainability of our own dwelling? Sustainability exists of many
aspects, such as environmental, economic and social aspects. This research will focus on the energy
performance of dwellings since this influences environmental conditions and thus sustainability. To
be more specific, historical dwellings in post-war neighbourhoods are researched because these are
often regarded as energy inefficient. Since homeowners are able to improve the energy performance
of their dwelling and the application of those measures in the existing residential stock is lacking
behind compared to expectations, the motivation for applying energy saving measures is researched.
Insight into motivations could help policy makers or suppliers of energy saving measures promoting
these measures. The existing residential stock could be a major contributor to sustainable urban
development by raising their energy efficiency.

Even though energy saving measures are available, the application of them in the existing residential
stock is lacking behind compared to expectations. The first section of this report will explain
thoroughly the problems that are faced nowadays as well as an exploration of the state of the art.
Furthermore, the scope, scientific description and overview of the research design will be presented.
Thereafter, section two will provide an overview of the most important theoretical information used
for this research. It will elaborate on a decision-making model, the adoption-diffusion cycle of
innovations, energy saving measures and a short description of post-war neighbourhoods.

Then a thorough description of the methodology for this research will be described. The research
design, research instrument and processing of data is described that are used by exploring the
motivation of homeowners.

Section four, five and six will present results on the three sub-questions as well as conclusions,
discussion and recommendations based on these findings. Section seven will describe the results of
the main question.

Section eight and nine will provide the conclusion, discussion and recommendations derived from
this research.

Apart from results presented in this report, additional information, such as graphs and tables are
presented in the appendix of this report. Regularly this report will refer to the appendix by a letter
followed by a number. This letter refers to a certain chapter in the appendix, while the number will
refer to a specific table or graph in the appendix.

1.2 PROBLEM DESCRIPTION

Sustainability and the built environment

Without any change, economic development deplete natural materials within a century, as was
concluded in 1972 (Meadows, 1972). Since then the finite resource problem was set on the political
agenda. Several agreements within countries and the European Union, such as the Kyoto Protocol

and Europe 2020, were made to solve environmental problems and reduce carbon dioxide (CO,)
emission (United Nations, 1998; European Commission, 2012a). Europe 2020 aims to have a low
carbon economy in 2050 by reducing emissions (European Commission, 2014).

11
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In the Netherlands, forty organizations commit themselves to the Energy agreement for Sustainable
development®. This agreement reduces CO, emissions by stimulating energy savings, sustainable
technologies and climate policies (Sociaal-Economische Raad, 2013). Furthermore, the Dutch
government aims at increasing the energy efficiency of the current building stock with 20% till 30%
compared to 1990 (Boerbooms, Diepenmaat, & Van Hal, 2010).

The importance of CO, emission reduction is also recognized in the construction industry. The built
environment plays a pivotal role in sustainability goals since they are the largest source of emissions
and energy consumption in the world (Williams, 2007). One third of global greenhouse gas emissions
are produced by the construction industry (International Energy Agency, 2013).

In Europe, the construction industry produces 40% of CO, emissions and 42% of the total European
final energy consumption. Additionally, construction and demolition in the construction sector
generate 22% of waste measured by weight (Jofre, 2011). Furthermore, the construction industry has
the highest untapped saving potential after the energy sector (Figure 1.1) (European Commission,
2012b). Energy consumption and CO, emissions in Europe can be reduced by 5% till 6% when
improving the energy efficiency of buildings (European Commission, 2015).

In the Netherlands, roughly one third of all energy is used by the built environment as is presented in
Figure 1.2 (Energie Onderzoekscentrum Nederland, 2014). The residential sector accounts for 20% of
the total final energy consumption (ltard, Meijer, Vrins, & Hoiting, 2008). Therefore, the current
residential stock should be improved regarding energy use in order to reach earlier mentioned
sustainable goals.

Sectors covered by the ESD Savings expected to be achieved
with already existing measures

Remaining saving potential to be
addressed with new measures

0

Economic potenial [Mtoe]
2
Partially covered by the CHP Directive

Industry Commercial Residential Transport Energy Sector

Figure 1.1: “Energy saving potentials in sectors covered by the Energy Services Directive” (European Commission, 2012b, p.
2).

M Built environment

6% Industry
Traffic

24%
Agriculture

B Remaining energy
use

28%

Figure 1.2: End energy use divided by sector in the Netherlands in 2012 (Energie Onderzoekscentrum Nederland, 2014, p.
54).

1 . .
Energieakkoord voor Duurzame Groei
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Historical dwellings

Transformations and renovations of the existing building stock play a pivotal role in the development
of sustainable cities. It is necessary to have an approach that deals with the current building stock
regarding sustainability (Bogard, 2009). Existing dwellings are important in reducing greenhouse gas
emissions according to climate change policies (European Commission, 2012a) since 75% of the total
building stock in 2050 will exist of buildings that were built in 2005 or earlier (European Commission,
2012b). The current building state shows that there is still a high technical potential to improve the
energy performance of dwellings and improve sustainability (Tigchelaar & Leidelmeijer, 2013). In
particular historical dwellings?, which have in general a low energy performance, have high potential
for improving the energy performance and sustainability of cities (Dulski, van der Vliet, & van Unen,
2012; Kramer, van der Vlugt, & Leidelmeijer, 2009). In Amsterdam, the majority of all buildings (64%)
are defined as historical, just like in The Hague and Rotterdam, where 57% and 54% respectively are
historical (LV BAG retrieved on October 2014). Thus these buildings are categorized as having high
potential for sustainable urban development.

Historical buildings form a considerable part of post-war neighbourhoods since they were built in the
period after the Second World War. Therefore, post-war neighbourhoods are in general of high
potential and their energy performance should be improved in order to contribute to the
sustainability goals of governments.

Privately owned dwellings

In total, 56.2% of the current building stock in the Netherlands is privately owned, 43.1% are rental
properties of which 30.8% is owned by housing corporations. The remaining 0.7% has an unknown
ownership status (Centraal Bureau voor de Statistiek, 2014). Privately owned dwellings have the
largest saving potential regarding energy efficiency. Housing corporations already enhance the
sustainability of their building stock due to their ‘social duty’ and regulations. Most of the housing
corporations have sustainable goals on national, municipal and/or firm level (Bogard, 2009; Jongejan,
2011; Tigchelaar & Leidelmeijer, 2013).

On average, it is estimated that 25,000 privately owned dwellings will improve their energy
performance per year between 2013 and 2020, which would save 2.6 [confidence interval 1.6-3.6]
Petajoule in the Netherlands in 2020. Homeowners are not obliged to improve the energy
performance of their dwelling. Therefore this target group is harder to convince and a consistent
approach is necessary (Energie Onderzoekscentrum Nederland, 2014). Furthermore, homeowners
have more diverse dwelling typologies than housing corporations and therefore addressing this
target group is harder (Jongejan, 2011).

So privately owned, historical dwellings play a major part in CO, emissions and resource depletion.
Energy saving measures improve the energy efficiency of dwellings and reduce energy use to provide
the same level of energy service (Friege & Chappin, 2014; Zundel & Stief8, 2011). Renewable energies
are included in those energy saving measures (Friege & Chappin, 2014). The application of energy
saving measures in existing dwellings are still lacking behind compared to expectations even though
they reduce environmental problems, improve health and comfort, and economic and social well-
being (Boerbooms, Diepenmaat, & Van Hal, 2010; Christie, Donn, & Walton, 2011; Friege & Chappin,
2014). So even though homeowners would like to improve the energy performance of their dwelling
and recognize benefits of energy efficient technology, there is an apparent inconsistency in their
decisions and actions. This is defined as the apparent disconnect (Christie, Donn, & Walton, 2011).

? Historical dwellings are defined as dwellings built before and including 1974

13
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The motivation and decisions of homeowners are essential in understanding their behaviour for
applying energy saving measures and in increasing the application of energy saving measures
(Christie, Donn, & Walton, 2011; Friege & Chappin, 2014; Organ, Proverbs, & Squires, 2013).

Namely, motivation is a forerunner to action, the reason why people act and make certain decisions.
It is also necessary to understand the motivation of homeowners for overcoming barriers (Organ,
Proverbs, & Squires, 2013). Furthermore, grouping homeowners according to motivations and
providing more customized advice will lead to a higher willingness to apply energy saving measures
(Boerbooms, Diepenmaat, & Van Hal, 2010; Jongejan, 2011; Van der Spank, 2013).

The above mentioned problems clarify the need for this research, which concentrates on the
motivation of homeowners of historical dwellings for applying energy saving measures. Although
energy saving measures for existing dwellings exist, the application of those measures is still lacking
behind compared to expectations.

Therefore, motivations for applying energy saving measures in historical, privately owned dwellings
will be researched and could contribute to an approach that improves the energy performance of
historical dwellings in the Netherlands.

1.3 STATE OF THE ART

Thus, a deep understanding of non-economic and economic factors driving renovation decision of
homeowners is absent and there is limited founded information about decision-making (Friege &
Chappin, 2014; Organ, Proverbs, & Squires, 2013).

A citation network analysis revealed that research has been done on energy-efficient renovations
(see Figure 1.3). Although literature about this subject has gained momentum in the last decade,
research about understanding of energy-efficient renovation decisions is lacking behind compared to
researches about technical options, incentive instruments, and models and simulation (Friege &
Chappin, 2014). Even though research about decision-making regarding energy saving measures is
lacking behind, still several researches are conducted in this research field, of which the main
findings are presented below.

Full paper set

i Incentive
Unccj‘gcrissti%:‘gmg § instruments

12% - 19%

22%

Technical
options

Models and
simulation

Figure 1.3: Schematic overview of subset shares within the full paper set of the citation network analysis (Friege & Chappin,
2014, p. 199).

Researches were compared with each other by means of a literature grid (see appendix A).
Motivations for applying energy saving measures are explored in several research fields but the
majority are from the field of architecture, real estate or related disciplines as well as experts related
with the psychological discipline. Several methodologies are used to research motivations of
homeowners and tenants. Surveys are commonly used for the exploration of motivations, interviews
for a deeper understanding of the decision-making process and statistical methods, such as a choice
analysis to gain inside in preferences.
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However, those surveys are mostly not directly targeting residents but instead use hypothetical
situations in which respondents’ decisions are monitored (i.e. (Banfi, Farsi, Filippini, & M., 2005;
Bogard, 2009; Poortinga, Steg, Vlek, & Wiersma, 2003)). Also, respondents’ selection was mostly not
based on random selection (i.e. (Adjei, Hamilton, & Roys, 2009; Zundel & Stiel3, 2011)), which makes
it harder to generalize conclusions.

Current researches are divided according two aspects. First of all, the motivation of homeowners and
tenants can differ due to the split incentive problem. In the case of tenants, the owner invests, while
the tenant has a lower energy bill and more comfort. Even though rent mostly increases after
applying measures (Hogberg, 2011) as is also indicated with the Dwelling Evaluation System
(Woningwaarderingsstelsel) (Van der Spank, 2013) results about motivations of homeowners and
tenants could still differ.

Homeowners are more likely to invest in energy saving measures as tenants have little control over
home improvements (Rehdanz, 2007). This research is about homeowners, which is why the articles
presented here focus on this target group.

Literature could address energy saving measures (e.g. glazing and insulation), energy saving
behaviour (e.g. temperature settings and lighting behaviour) or both. Real energy use is influenced
by energy saving behaviour, such as heating behaviour and building characteristics, such as building
typology and size of the dwelling. Therefore, energy use can differ much between similar dwellings.
Both behaviour and the application of measures are still advantageous regarding improving the
energy performance of dwellings in the Netherlands (Tigchelaar & Leidelmeijer, 2013).

However, motivations for energy saving measures differ from motivations for energy saving
behaviour. Nair et al. (2010) defined non-investment measures as behavioural energy saving and
investment measures as energy saving measures. Preferences for one of those types of energy saving
are influenced by personal attributes and contextual factors. Also energy saving measures require
planning and strategic long-term decisions, which are made only a few times during a person’s life,
while energy saving behaviour decisions are short-term decisions without planning and can be made
multiple times during a person’s life (Stief & Dunkelberg, 2013). Therefore, conclusions are divided
by energy saving measures and energy saving behaviour, whereby this research addresses energy
saving measures.

In general, motivations are categorized into two factors; external factors and internal factors.
Internal factors are intrinsic motivations, such as attitudes, beliefs, values, locus of control, social
norms and loss aversion. External factors are extrinsic motivations, such as incentives, property
conditions, housing market, policies, building characteristics and cost of works. The internal factors
are affected by other internal factors and by external factors (Christie, Donn, & Walton, 2011; Nair,
Gustavsson, & Mahapatra, 2010; Organ, Proverbs, & Squires, 2013).

The relation between those factors is an on-going process and has a dynamic nature. The motivation
and the priority indicated by people can change over time. Mostly, external factors change quicker
than internal factors (Organ, Proverbs, & Squires, 2013).

Since a lack of application of energy saving measures is a multifaceted and complex problem (Organ,
Proverbs, & Squires, 2013) multiple motivations are explored by literature, which will be described
below.

Financial matters are not perceived as leading factors (Tigchelaar & Leidelmeijer, 2013). However,
financial insecurity is perceived as a barrier and makes homeowners reluctant to invest in energy
saving measures (Christie, Donn, & Walton, 2011; Jongejan, 2011; Stief & Dunkelberg, 2013; Zundel
& Stiell, 2011). Another barrier is the lack of financial resources (De Rijksoverheid, 2012; Stief &
Dunkelberg, 2013). Additionally, people are reluctant to take a (further) loan to invest in energy
saving measures (Organ, Proverbs, & Squires, 2013; Stief & Dunkelberg, 2013). It is stated that
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financial security would increase the investment in energy saving measures (Boerbooms,
Diepenmaat, & Van Hal, 2010) since financial risk is a barrier for the investment in energy saving
measures (Christie, Donn, & Walton, 2011).

Homeowners have a different perception of economic reasonability than experts because they have
a different information level. If only additional costs of a renovation are considered, experts perceive
a relatively short payback time of energy saving measures, while homeowners often not perceive this
(Zundel & Stiel, 2011). However, even though homeowners are fully aware of the gains of energy
saving measures, still a disconnected behaviour is observed since they do often not apply energy
saving measures (Christie, Donn, & Walton, 2011).

Economic factors like these are not only cited in literature as barriers but also as drivers. Economical
motivations are the enhancement of the value of their dwelling in a broad sense (Organ, Proverbs, &
Squires, 2013), reduction of the energy bill (Organ, Proverbs, & Squires, 2013; Stief & Dunkelberg,
2013) and pay back of costs (Bogard, 2009; Zundel & Stie, 2011). In the Netherlands, 40% of
homeowners have applied energy saving measures and 59% of them indicated that cost savings was
a reason for the application of those energy saving measures (De Rijksoverheid, 2012).

In general, it is clear that motivations for energy saving measures are based on more reasons than on
economical-rational decisions alone (Adjei, Hamilton, & Roys, 2009; Boerbooms, Diepenmaat, & Van
Hal, 2010; Friege & Chappin, 2014; Jongejan, 2011; Organ, Proverbs, & Squires, 2013; Stief &
Dunkelberg, 2013; Wang, Mathews, & Cao, 2013; Zundel & Stiel3, 2011).

In general, people have an asymmetrical perception of risks as was found in the prospect theory, loss
aversion and framing effect. Negative perceptions of upfront cost dominate positive perception on
cost-savings of energy saving measures. People tend to overestimate risks compared to savings or
potentials (Christie, Donn, & Walton, 2011). Also people tend to have a status quo bias, which means
that people averse change and perceive the status quo as the safest option (Christie, Donn, &
Walton, 2011; Organ, Proverbs, & Squires, 2013). Regret avoidance could also be a motivation to
avoid the application of energy saving measures. This is especially the case if the outcome is unclear
because people try to avoid feelings of regret after their decision (Christie, Donn, & Walton, 2011;
Zundel & StieR, 2011).

In general, homeowners perceive three types of risk that could stop them from applying energy
saving measures; financial risk (pay back), functional risk (compatibility and suitability with their
dwelling) and social risk (they do not know what others do) (Christie, Donn, & Walton, 2011).

Furthermore, building characteristics play a role in the decision-making process (Adjei, Hamilton, &
Roys, 2009; StieB, Zundel, & Deffner, 2009). Building characteristics influence the saving
opportunities and possibilities of applying energy saving measures. For example, historical dwellings
have a higher potential to increase the energy performance (Jongejan, 2011; Tigchelaar &
Leidelmeijer, 2013). However, the gain is not a leading factor for the application of energy saving
measures (Christie, Donn, & Walton, 2011).

The awareness of energy saving possibilities also influences decisions (Adjei, Hamilton, & Roys, 2009;
Jongejan, 2011; Stiep & Dunkelberg, 2013) just like attitudes, beliefs and other internal factors have
an influence on the application of energy saving measures (Barr, Gilg, & Ford, 2005; Organ, Proverbs,
& Squires, 2013; Zundel & StieB, 2011). StieP et al. (2009) particularly distinguish attitudes towards
the results (e.g. aesthetic appeal, comfort, energy efficiency savings, innovation), attitudes towards
the process (e.g. difficulties with craftsmen, unpleasant working progress) and attitudes towards
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housing and lifestyle that influence the application of energy saving measures (Stief & Dunkelberg,
2013). Expected stress regarding renovations is also perceived as a barrier (Zundel & Stief§, 2011).
However, closing the information gap or providing more money cannot overcome the barrier
associated with a negative attitude (Zundel & Stie8, 2011). Although increased awareness has an
influence, energy audits do not increase the investment in energy saving measures in the
Netherlands (Murphy, 2013). In the Netherlands, still 22% of homeowners do not know what it takes
to apply energy saving measures. Furthermore, 23% is not aware of sources with information about
energy saving measures (De Rijksoverheid, 2012) although access of information is a factor in the
decision-making process.

Relatives in the social network of the homeowners play a pivotal role in the decision-making process
(StieB & Dunkelberg, 2013). Experiences of others can motivate homeowners for the application of
energy saving measures (Jongejan, 2011). In the Netherlands, 53% of homeowners did not agree that
personal experiences discouraged them to apply energy saving measures, 54% did not agree on this
concering experience of acquaintances and 46% did not agree on this regarding media messages (De
Rijksoverheid, 2012). Homeowners that applied energy saving measures used a broader range of
information sources than homeowners that did a standard renovation (Stiep & Dunkelberg, 2013).

A lot of homeowners do not see the saving possibilities and underestimate the energy saving
potential of their dwelling (Stief & Dunkelberg, 2013; Zundel & Stiel, 2011), which is the case by
27% of homeowners in the Netherlands (De Rijksoverheid, 2012). Mostly, they neglect advices
because they perceive their dwellings as energy efficient (Murphy, 2013), while professional advice
plays an important role in the decision-making process. Investments in insulation, glazing, heating
systems and renewable energies are more likely when homeowners rely on professional advice
(StieB & Dunkelberg, 2013).

The contribution to climate goals and the reduction of environmental impact of their dwelling are
motivations for applying energy saving measures (Stief & Dunkelberg, 2013; Zundel & Stiel, 2011).
However, the potential to reduce CO, emissions and environmental impact are in general not leading
reasons for the application of energy saving measures. Other motivational factors, such as comfort or
a nicer appearance have a higher impact (Adjei, Hamilton, & Roys, 2009). In general, the gains for
society have less value than individual losses by energy saving actions (Risholt & Berker, 2013).

Furthermore, sociodemographical factors play a role in the decision-making process to apply energy
saving measures. Income, gender and household typology are influencing factors (Bogard, 2009).
Although income is not a leading factor in the decision making process. In the Netherlands, it was
found that people with a low income (below modal) are more likely to live in dwellings with a low
energy performance and people with a high income (more than modal) are more likely to live in
dwellings with a high energy performance (Tigchelaar & Leidelmeijer, 2013). However, this does not
state that people with a higher income apply more energy saving measures.

A motivation for the application of energy saving measures is to save heating energy (StieR, Zundel,
& Deffner, 2009) although the amount of energy reduced by energy saving measures does not
influence the decision or acceptance. It should at least be known that there is a saving effect
(Poortinga, Steg, Vlek, & Wiersma, 2003; Zundel & Stiel3, 2011).

Also an improvement of comfort was explored in literature as a motivation for applying energy
saving measures (De Rijksoverheid, 2012; Friege & Chappin, 2014; Organ, Proverbs, & Squires, 2013)
as well as the improvement of indoor climate (Stief & Dunkelberg, 2013).

Furthermore, motivations are influenced by the trust in government, institutions, contractors and
community (Organ, Proverbs, & Squires, 2013), the wish to become independent of energy markets
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and fossil fuels (Poortinga, Steg, Vlek, & Wiersma, 2003; Zundel & Stiel’, 2011) and the influence of
regulations (Stiel, Zundel, & Deffner, 2009).

It also appeared that the application of energy saving measures is more likely when renovation
activities take place (Risholt & Berker, 2013; Stief & Dunkelberg, 2013). Also the implementation is
more likely when insufficient building components are replaced. In general, the break down of
technical building components is related with the building life cycle and thus this life cycle influences
decision-making (Stief & Dunkelberg, 2013).

Comparing motivation theories led to more general motivational factors. Motivation for applying
energy saving measures is depended on other satisfied needs and desires (based on Maslow’s
theory), beliefs, attitudes and values (based on Festinger’s theory), priorities (based on Expected-
Value Theory), sense of responsibility, locus of control (based on Vroom’s theory and Expected-Value
Theory), and perception of “self” and role of “home” (based on Self-Discrepancy Theory) (Organ,
Proverbs, & Squires, 2013).

A large research from the government in the Netherlands (WoON 2012%), dwelling research the
Netherlands) revealed several motivational factors as described above. Besides questions about
applied energy saving measures, it also explored motivations for investments in the following two
years. Roughly 15% of the homeowners did consider the application of one or more energy saving
measures in the following two years. It is notable that homeowners between 25 and 55 years old
mostly indicated this. The most answered barrier for energy saving investments is the lack of
financial resources.

The research derived the motivation per measure from general questions about applied energy
saving measures and motivational factors. It can be concluded from these results that every
measures has its own profile of motivational factors (Tigchelaar & Leidelmeijer, 2013). However,
specific data and thorough conclusions about the motivation per energy saving measure are still
lacking.

So researches in this subject, such as cited above, explore motivations, preferences, willingness,
barriers and drivers.

Results for motivational factors to apply energy saving measures can differ according countries as
can be concluded from the research of Adjei et. al. (2009). This is supported by Friege et al. (2014),
which defined clusters of literature divided over geographical areas.

Another concern, which arises from the comparison within the literature grid, is the alternating
definition of energy saving measures between researches. These alternating definitions could
influence results. For example, lighting bulbs or water saving showers are included, while others only
focus on insulation, glazing and ventilation. In general, at least insulation, glazing and ventilation are
taken into account.

1.4 AIMS AND OBJECTIVES

The main aim of this research is to unveil motivations of homeowners of historical dwellings for the
application of energy saving measures. Energy efficiency improvements, especially in historical
dwellings, are still needed to reach the sustainable goals introduced in the problem description. This
research addresses the demand side instead of the supply side by exploring major motivations for
the application of energy saving measures.

* Woningonderzoek Nederland 2012
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Since literature does not distinguish between motivations for different energy saving measures, this
research aims at exploring the motivation per energy saving measure. Additionally, this research
explores whether motivations of homeowners categorized on their proactivity and the energy
performance of their dwelling differ.

This insight would provide useful suggestions for a prospective national research, such as a WoON
research commissioned by the Dutch government. Currently, WoON researches explore the
energetic qualities of dwellings and energy use of their residents. However, research into
motivations is limited because a thorough overview of motivations is lacking and motivations are not
explored per measure or customized for certain homeowners. A comprehensive overview of
motivations would provide opportunities for policies that aim to motivate the application of energy
saving measures because customized policies would lead to a higher willingness to apply energy
saving measures. Thus this research aims at being a pilot study for a national research into
motivations and to provide useful recommendations for this research.

Potentials for the application of energy saving measures are particularly high by homeowners of
historical dwellings, which are the target group of this research. Motivations are analysed by means
of a literature analysis, outcomes of an online questionnaire and national databases. Additionally,
statistical methods are used to analyse outcomes of the online questionnaire.

1.5 RESEARCH DESCRIPTION

This research increases insight into motivations for applying energy saving measures in privately

owned, historical dwellings. Motivation is defined as a forerunner to action, the reason why people
act and make certain decisions (Organ, Proverbs, & Squires, 2013). Six energy saving measures in this
research were derived from the ten parameters of the definite energy label; glazing, insulation,
ventilation system, heating system, extra tap water system and sustainable energy options. All have
an influence on the energy performance of dwellings.

Two assumptions are introduced, which will be confirmed or rejected with findings of this research.
The first assumption states that motivations differ between energy saving measures since energy
saving measures have different characteristics such as impact on the energy efficiency, costs,
easiness of applicability and inconvenience. The second assumption is that motivations are related to
the energy performance of the dwelling and the proactivity of homeowners since this determines
opportunities of the dwelling and indicates the attitude of the homeowner.

This quantitative research aims at creating an understanding about conscious reasons of these
homeowners and underlying factors that play a role in the decision-making process. Conscious
reasons are reasons that people mention by themselves, while underlying factors are not mentioned
by respondents, but are correlated to the energy performance of their dwelling or their proactivity.
Together, conscious reasons and underlying factors form the motivation of homeowners. Three sub-
guestions were designed in order to answer the main question.

Main question
What are the motivations of homeowners of historical dwellings for the application of energy saving
measures?

Sub-questions

1. What is the energy performance of historical dwellings?

2. How proactive are homeowners of historical dwellings regarding energy saving measures?

3. What are the drivers and barriers of homeowners of historical dwellings for the application of
energy saving measures?
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Sub-question one investigated the current energy performance of historical dwellings based on their
original, current and maximum energy label. Several variables were used in order to find differences
in the energy performance of dwellings. Variables that had significant differences were defined as
underlying factors.

Sub-question two investigated the proactivity of respondents for energy saving measures by
indicating the number of applied energy saving measures. The same variables and method was used
as sub-question one in order to find underlying factors.

Furthermore, three categories were made of the energy performance of dwellings and three
categories of the proactivity of respondents, which are both used for the analysis of sub-question
three. This sub-question gave insight into conscious reasons of homeowners for the application of
energy saving measures in general and specified for each energy saving measure. Also, a comparative
analysis was conducted between the derived categories from the energy performance and
proactivity.

Together, the underlying factors, derived from significant differences of the energy performance and
proactivity, and conscious reasons form the answer to the main question.

Data was gathered by literature and an online questionnaire in order to find underlying factors and
conscious reasons of homeowners. Underlying factors are found by means of statistical methods that
indicate significant differences and conscious reasons are explored by means of descriptive statistical
methods. Furthermore, a national database was used as an addition to the current energy
performance of historical dwellings and one was used to complement findings about drivers for
energy saving measures.

1.6 ScoPE

Findings of this research can contribute to more customized and effective policies for homeowners
of historical dwellings on national as well as municipal level. Policies could improve the energy
performance of the post-war residential stock, which is a current topic in today’s world. Incentive
policies can be designed with the use of underlying factors and conscious reasons discovered by this
research. More customized policies can be based on specific energy saving measures or by
approaching one category of the segmentation suggested by this research.

Furthermore, this report is interesting for developers of WoON and other researches that would like
to launch a national research about motivations for energy saving measures. This research could be
categorized as a pilot-study for such a large national research and the methodology can be used for
larger researches as well.

Additionally, this research is useful to the scientific world because it will introduce several new
research fields and it complements the current body of knowledge. Researches could set up a new
research that explores the suggested research fields in order to gain a deeper understanding of
motivations and related issues.

Moreover, this report is useful to homeowners because they can do their bit in improving the
sustainability of this world. This research could make them aware of the urgency and the possibilities
of energy saving measures.
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2 THEORETICAL FRAMEWORK

Energy saving measures are innovations that are applied by some homeowners, while others have
not applied them yet. An adoption model of innovations explores the diffusion of innovations in the
market over time, which provide insight into the adoption of energy saving measures. Furthermore,
the decision-making process of homeowners will be explored by means of a decision-making model.
Firstly, the decision-making process will be described and thereafter this section will provide insight
into the diffusion process of innovations. Then it will be followed by a short exploration of the ten
energy saving measures and at last characteristics of post-war neighbourhoods will shortly be
described.

2.1 DECISION-MAKING MODEL

To get insight into the decision-making process of homeowners for applying energy saving measures,
it requires an understanding of decision-making processes in general. It is important to understand
how people make decisions and which steps they pass in this process. Therefore, this part describes
the four views of individual decision-making processes and introduces a general decision-making
model. This model will help to analyse the results of sub-questions and main question.

2.1.1 GENERAL DECISION-MAKING CONCEPTS

Four general concepts about decision-making processes of individuals are recognized. Both economic
and psychological disciplines have researched consumer behaviour thoroughly. The economic
discipline has a rational approach and relies on data retrieved afterwards the decision. The
psychological discipline explores all kind of habits, attitudes and motivations by obtaining data
directly from the consumer instead of after the decision-making process.

ECONOMIC VIEW

The economic view considers consumers as rational beings that have an overview of all available
products, can evaluate them according advantages and disadvantages, and identify and pick the best
alternative (Schiffmann, Kanuk, & Hansen, 2012). The equity theory and Subjective Expected Utility
model (SEU-model) are examples of economic theories. For example, the SEU-model assumes that
people choose the option with the highest gain. This is assessed by the multiplication of appreciation
and certainty. This rational evaluation of alternatives requires a high effort of consumers (Van der
Pligt, Wigboldus, & Harreveld, 2009).

However, these rational models are heavily debated by psychologists because consumers are not
rational and do not always choose the best option with the highest gain. Knowledge, existing values
and goals, and existing skills, habits and reflexes limit people and therefore rational models are too
simplistic (Schiffmann, Kanuk, & Hansen, 2012). For example, people are also influenced by emotions
and motivations. Therefore decisions can deviate with respect to rational decisions. Motivational
barriers are reduction of fear, bondage to certain attitudes and decisions in the past, and group
thinking. Together, emotions, such as anticipated regret and disappointment and motivational
barriers ensure that people are not rational (Van der Pligt, Wigboldus, & Harreveld, 2009). With
these reasons it is argued the rational view is often seen as too idealistic and simplistic.

PASSIVE VIEW

The passive view perceives people as impulsive and irrational beings that are highly influenced by
advertisement and marketers. As contrast to this view, consumers are also able to influence
marketers instead of only the other way around. Marketers are also relying on consumers because
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consumers select products between alternatives and make the purchase decision (Schiffmann,
Kanuk, & Hansen, 2012).

EMOTIONAL VIEW

The emotional view states that buying decisions are related to personal feelings and emotions.
Emotional purchase decisions are decisions with less research before the decision than in the
economic point of view and based on the current mood and feelings. Emotions are directly coupled
with action tendencies and explicit actions, while moods are mostly long lasting and lower in
intensity. Even though mood and emotions are affecting the decision-making process, this view still
regards decisions as rational (Schiffmann, Kanuk, & Hansen, 2012).

A COGNITIVE VIEW

The cognitive view indicates that consumers are actively searching for solutions in the form of
products that enrich and fulfil their lives. They take effort to information-searching activities until
they feel that they have enough information for making a good decision. Heuristics (decision-rules)
are often used to shorten the process and create short-cut decisions. These are developed by the
consumers in order to cope with an exposure to too much information (Schiffmann, Kanuk, &
Hansen, 2012).

Heuristics

Heuristics are decision rules, which describe how consumers collect information, evaluate it and
come to a purchase decision. Several decision rules are recognized in literature and are used to
predict the outcomes of decision-making processes. These heuristics, which are rules of thumb, can
be used by complex decisions. For example, the heuristic ‘additive differences’ is a pair-wise
comparison and evaluation of alternatives that lead to a decision (Heijman & Antonides, 2005).
However, heuristics can also affect qualities of decisions by distorting the situation (Van der Pligt,
Wigboldus, & Harreveld, 2009).

2.1.2 GENERAL MODEL

A general and commonly used decision-making model for individual consumer behaviour is
presented in Figure 2.1 (Engel & Blackwell, 1995; Fahy & Jobber, 2012; Masterson & Pickton, 2004;
Verhallen, 1977). The model, which is a simplification of the decision-making process, recognizes five
steps and is mainly used to predict consumer behaviour. The proposed sequential order of the model
can differ between cases just as different persons can take steps and can skip steps. For example,
consumers could go back from the evaluation of alternatives phase to information search if they do
not have enough information (Verhallen, 1977). Buying situation, level of involvement and perceived
differences between products influence the process (Masterson & Pickton, 2004). In general, more
complex decisions or decisions about expensive products pass through every step of the model and
this will take in general more time than decisions about less complex or cheap products (Fahy &
Jobber, 2012). The decision-making process is also influenced by the level of involvement, which is
defined by the extent to which a purchase is important to the consumer. Table 2.1 shows the
difference for these levels of involvement in the decision-making process. The level of involvement is
influenced by the complexity and price of a product, self-image, perceived risk, social factors (affect
their social acceptability) and hedonism (delivery of pleasure) (Masterson & Pickton, 2004).
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Need or problem . Evaluation of .. Post-purchase
.. Information search . Purchase decision ;
recognition alternatives evaluation

Figure 2.1: Decision-making model.

Table 2.1: Decision-making model and level of involvement (Masterson & Pickton, 2004, p. 183).

Low involvement Decision-making process High involvement

Minor Need or problem recognition Major
Limited Information search Extensive
Few alternatives considered Evaluation of alternatives Many alternatives considered
= Purchase decision -
Limited Post-purchase evaluation Extensive

NEED OR PROBLEM RECOGNITION

The first step in the decision-making model is the recognition of a need or problem. A need or
problem in this model is defined as a discrepancy between current or actual situation and desired
situation (Masterson & Pickton, 2004; Verhallen, 1977).

In general, the economic environment in the world or a country plays a role in need or problem
recognition since consumer behaviour and economic environment influence each other mutually.
The economic environment is defined as the total of monetary, natural and human resources that
influence behaviour of individuals and groups (Nederstigt & Poiesz, 2010a). The Index of Consumer
Sentiment (ICS) reflects the trust of consumers in the economy. In the Netherlands, the index is
positive with 2%, while it was negative from 2008 (Centraal Bureau voor de Statistiek, 2015). This
index is used to predict saving, investment and buying behaviour. There is also a correlation between
income and expenses to specific categories of consumer goods (Engel curve), added value of a
product and buying behaviour, and between price and buying behaviour of consumers (Nederstigt &
Poiesz, 2010a). So these aspects of the economic environment can influence the needs and problems
recognition of people.

Social problems, such as sustainability problems described in the problem description, are related
with social responsible consumption. Social responsible consumption is defined as the recognition
that individual choices will influence society. Exact interpretations differ between individuals since
political, moral and ethical reasoning differs. However, social problems, which are dilemmas in which
the self-interest is contradicting to the interest of society, arise. An example of a social dilemma is a
prisoner’s dilemma in which it is collectively rational to cooperate, while it is individual rational to
not cooperate. Uncertainty about other people’s decisions makes it hard to choose for collective
interest. Removal of the dilemma is a structural solution, while a psychological solution aims at
influencing mentality and removing the will to do what is best for the individual (Nederstigt & Poiesz,
2010b).

INFORMATION SEARCH

The consumer searches for information about options to satisfy recognized needs or problems in this
phase. External searching uses external sources such as the Internet, while internal searching uses
memories and previous experiences (Masterson & Pickton, 2004). The level of involvement
determines the time of the phase (see Table 2.1) as well as for example the complexity of problems
or the perception of an individual.

It is argued that consumers are not rational in their search for information because consumers tend
to search for information that confirms their previous beliefs and thoughts, also known as the
confirmation bias (Van der Pligt, Wigboldus, & Harreveld, 2009). Consumers are also influenced by
reference groups which are real or imaginary groups that influence our feelings, knowledge and
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behaviour. Reference groups can have an informative, instrumental or expressive influence on
information search and evaluating alternatives (phase described below) (Weber, 2011). Another
argument is the lack in motivation and ability of consumers to collect and evaluate information
(Heijman & Antonides, 2005).

The result of this phase is an awareness set with a range of products that can satisfy the need or
problem recognized in the previous phase (Masterson & Pickton, 2004).

EVALUATION OF ALTERNATIVES

The next step is to evaluate the awareness set with choice-criteria based on attributes of the
products. Choice-sets can differ between consumers but in general four categories are defined;
technical and performance related, economic and financial, social and personal criteria’s (Fahy &
Jobber, 2012; Masterson & Pickton, 2004). Economic criteria’s are described above (e.g. ICS). Both
social criteria’s, which are environmental determinants that arise from the context, and personal
criteria’s, which are personal determinants that are related to the individual, influence the
evaluation process (see Table 2.2) (Brug, Van Assema, & Lechner, 2010). The objectives plane (such
as economic environment and situational factors) can be observed and measured, while the
subjective plane (such as motives and personality) is researched by means of questionnaires
(Antonides, 1996).

Table 2.2: Examples of personal and social criteria’s for the awareness set (Fahy & Jobber, 2012, p. 66).

Personal influences Social influences

Information processing Culture
Motivation Social class
Beliefs and Attitudes Reference group
Personality

Lifestyle

Lifecycle

People are influenced, evaluate and make decisions consciously and unconsciously since reason for
behaviours are not necessarily known by people. Reasons mentioned by consumers for certain
behaviour or decisions are mostly constructions and rationalities after the process (Nisbett &
DeCamp Wilson, 1977). Information processing exists of two mental processes, which are defined in
the dual model. The two systems are defined by many different names and therefore this research
defined them as system one and system two as is suggested by Tiemeijer (2011). System one handles
unconscious, automatic inaccurate and inflexible decisions. This system does not require a lot of
energy and can be very fast. An example of an unconscious influence on this system is priming.
System two processes consciously and deliberatively. These processes are precise and flexible, but
also slow and take a lot of energy. It only processes consciously perceived stimuli (Tiemeijer, 2011).
Rationality is also heavily debated in this phase. Even though the evaluation of personal and social
influences can still be rational, as described by the emotional view, arguments against people as
rational beings stated in this chapter still stands. Another argument in the evaluation phase is that
customers tend to use representatives. They evaluate by using criteria’s that are common for specific
groups. Other arguments are that customers tend to ignore initial probabilities, the sample size and
have misinterpretations about randomness. Customers change their preference with profit or loss
framing, which should rationally make no difference (reflection-effect or framing effect). Customers
also have problems with assessing risks and this influences their decisions (Van der Pligt, Wigboldus,
& Harreveld, 2009). Also anticipated emotions, such as regret, influence the decision-making process
(Carrus et al, 2008).
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All these choice-criteria have decreased the number of products of the awareness set into the
evoked set. Eventually, the customer will make their final choice form this evoked set (Masterson &
Pickton, 2004).

PURCHASE DECISION

The final choice from the evoked set is the purchase decision. The person who decide to purchase a
certain good or service is defined as the decision-making unit. This is not necessarily the same person
that took the previous steps of the decision-making process. Several persons can take steps, which is
especially the case by purchase decisions of firms.

POST-PURCHASE EVALUATION

Values are pre-defined beliefs about the end result of a product (Solomon, Bamossy, Askegaard,
Hogg, & Verhagen, 2008). In the post-purchase evaluation phase, customers evaluate the
performance of the purchased product with pre-defined values. Sometimes customers have doubts
after the purchase decision, which is defined as cognitive dissonance. Three common outcomes of
the post-purchase evaluation are disappointment, satisfaction and delight. This phase influences
repurchase decisions and recommendations to others (Masterson & Pickton, 2004).

CONCLUSION

The decision-making model presented in Figure 2.1 can be used to understand the decision-making
process of people. Several views explain the thoughts and deliberation process within this decision-
making model. The biggest difference between views is the definition of people as rational or not.
Several arguments are introduced against people as rational being and therefore this research
defines people as not irrational. It can be concluded that many factors influence people during the
process.

2.2 DIFFUSION OF INNOVATIONS

Adoption of innovations, even with clear advantages, is often very difficult. The diffusion of
innovations throughout society can be a slow process. “Diffusion is the process in which an
innovation is communicated through certain channels over time among the members of a social
system” (Rogers, 2003, p.5).

As was stated in the problem description, the diffusion of the energy saving measures are lacking
behind compared to expectations.

A widely used model for the diffusion process is the adoption-diffusion cycle of Rogers that uses five
stages of diffusion for individuals. Moore (1999) added terms to this model and this model is shown
in Figure 2.2.
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Figure 2.2: Adoption-diffusion cycle based on Rogers (2003) and Moore (1999) Retrieved from
http://solutionmarketingblog.com/tag/products.
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The adoption-diffusion cycle follows a normal distribution, which is divided into five categories. After
the launch, innovators and early adopters first adopt a product. Innovators are characterized as
enthusiast technologist that appreciate the technology for its own sake. After the innovators, the
early adopters, which are seeking for a business goal instead of a technology goal and are willing to
do high-risk investments adopt the product. In between the early adopters and the main stream is
the chasm. A lot of technologies do not pass the chasm, which is necessary in order to succeed on
the market. The early majority is the period in which the product should reach as much niches as
possible. Moore visualized this with a bowling alley in which you must hit as many bowling pins as
possible. Then comes the tornado, which is a period of mass-market adoption that eventually leads
to the main stream. Early majority are also called the pragmatists because they value the product on
the improvement without taking too much risk. After the early majority, the late majority and
laggards adopt the product. The time frame in which the innovation goes from innovators to laggards
is defined as speed of diffusion. The speed of diffusion can differ between products (Moore, 1999).

Several models exist about the adoption of innovations. The discussion of rationality as presented in
section 2.1 is also discussed in the field of adoption of innovations. For example, the Technology
Acceptance Model (TAM) assumes rational and cognitive approaches of individuals. However, it is
concluded that also other factors play a role in the adoption process and that models assuming
rationality have a limited perspective (Ozaki & Dodgson, 2010).

CONCLUSION

Individuals can be categorized in five categories according their speed of adoption. Every energy
saving measure is somewhere on the adoption-diffusion cycle and has to be communicated through
channels for further diffusion. Furthermore, a decision-making model about the decision-making
process of people, which can also be used for decisions of homeowners about the adoption of energy
saving measures, is introduced. Decision-making processes can differ between adoption phases but
also within adoption phases. Assuming rational evaluations and decisions of individuals is not
realistic since both rational as well as non-rational processes and motivations are influencing
decisions.

2.3 ENERGY SAVING MEASURES

In this research, energy saving measures are defined as measures that raise the energy performance
of a dwelling. There exist many of those measures and the influence on the energy performance
differs per measure and is dependent on construction year and building typology.

This research uses the ten energy saving parameters defined by the definite energy label of the
Netherlands Enterprise Agency” (RVO) (Rijksdienst voor Ondernemend Nederland, 2014b) in order to
be coherent with the four year program ‘Monitoring Sustainability’ and for the accessibility of data.
Table 2.3 presents the energy saving measures of the definite energy label and Table 2.4 shows the
main typologies and sub-typologies. The definite energy label was introduced by the RVO in January
2015. Homeowners are obliged to have an energy label when they sell or rent their home.

They can apply for a definite energy label as follows. Homeowners can log in on
www.energielabelvoorwoningen.nl with their DigiD. Building characteristics, such as building
typology, construction year and floor surface from the dwelling are retrieved from the LV BAG and
are checked by the homeowner. Then the homeowner answers questions about applied energy
saving measures and delivers proofs with photos or documents in cases of change. Experts check

* Rijksdienst voor Ondernemend Nederland
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these photos or documents. A definite energy label is calculated from information derived in this

process.

A short description of each of the energy saving measures will be provided in this section.

Table 2.3: Energy saving measures of the definite energy label (Rijksdienst voor Ondernemend Nederland, 2014b).

Category Parameter

Envelope Glazing living area

Glazing sleeping area

Insulation facade

Insulation roof

Insulation floor

Systems Heating system

Extra hot water supply

Ventilation system

Renewable Sustainable energy options
sources

Measure options

Single glazing

Double glazing

HR-glazing

Triple HR-glazing

Single glazing

Double glazing

HR-glazing

Triple HR-glazing

No insulation <1974

Originally insulated

After insulated

Extremely good after insulated

No insulation <1964

Originally insulated

After insulated

Extremely good after insulated

No insulation <1983

Originally insulated

After insulated

Extremely good after insulated
Individual CV-boiler, installed before 1998
Individual CV-boiler, installed in or after 1998
Shared CV-boiler, installed before 1998
Shared CV- boiler, installed in or after 1998
Gas heater

Hot pump

District heating

Non

Geyser

Electric boiler

Natural

Mechanical

Balanced

Sun boilers

Solar panels
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Table 2.4: Building typologies (Rijksdienst voor Ondernemend Nederland, 2014b).

Main typologies Sub-typologies

Freestanding

Semi-detached

Row dwelling Edge In between

Flat In between middle In between floor In between roof In between roof floor
Edge middle Edge floor Edge roof Edge roof floor

Maisonette In between middle In between floor In between roof In between roof floor
Edge middle Edge floor Edge roof Edge roof floor

GLAZING LIVING AREA AND SLEEPING AREA

Four typologies of glazing are recognized as presented in Table 2.5. Single glazing exists of one glass
plate, while double-glazing and HR-glazing have two glass plates and triple HR-glazing has even three
glass plates. HR-glazing has a special coating between the two glass plates instead of air (see Table
2.5). This special coating increases the U-value (Rijksdienst voor Ondernemend Nederland, 2014b).
The U-value is the overall heat transfer coefficient that indicates the heat transfer of one square
metre in a construction with a temperature difference of 1 Kelvin (Bakker, Schellen, & Hak, 2010). A
smaller U-value indicates a lower heat loss and therefore increases the energy performance. Glazing
typologies can differ between the living and sleeping area and therefore these areas are considered
separately.

Table 2.5: U-value of glazing typologies (Rijksdienst voor Ondernemend Nederland, 2014b).

Glazing typology U-value
Double glazing >2.3 W/m2K
HR-glazing <2.3W/m2K
Triple HR-glazing <0.7 W/m2K
INSULATION

The U-value of a construction can be decreased by insulation, which indicates a raise in energy
performance. The definite energy label takes into account three building elements for insulation,
namely floor, roof and facade (see Table 2.6). These elements have three positions for the
application of insulation as is presented in Table 2.7. A dwelling could be built without insulation
(generally only dwellings built before 1984) or with insulation. Additionally, homeowners could have
applied insulation afterwards. Applying insulation of an R.-value (reciprocal of U-value (Bakker,
Schellen, & Hak, 2010)) of at least 3.0 is indicated as extreme after insulation.

Table 2.6: Overview construction years and the application of insulation (Rijksdienst voor Ondernemend Nederland, 2014b)

Construction element Building period Standard insulation options

Facade
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Until and including 1974 No insulation applied during construction
From 1975 Insulated during construction
Until and including 1983 No insulation applied during construction
From 1984 Insulated during construction
Until and including 1964 No insulation applied during construction

From 1965 Insulated during construction
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Table 2.7: Options for (after) insulation (Rijksdienst voor Ondernemend Nederland, 2014b)

Insulation options

Outside
Facade In the cavity
Inside
On the roof construction
On the construction without cavity
Underneath the roof construction

On the floor

In the floor
Under the floor (in the crawl space)

HEATING SYSTEM

Several heating systems are commonly used in the Dutch residential stock. Shared instead of
individual heating systems are mostly common in multi-family dwellings and city heating is offered in
some areas. Slotervaart, Slotermeer and Ommoord have a city heating system, while it is not yet
implemented in Mariahoeve.

The definite energy label process assumes that kettles installed before 1998 are CR (conventional
efficiency) or VR (improved efficiency) kettles and kettles installed in or after 1998 are HR (high
efficiency) kettles (Rijksdienst voor Ondernemend Nederland, 2014b). Furthermore, some less
common heating systems are divided into those categories (see Table 2.8).

CR kettles have an efficiency of 70 till 80%, which means that 70 till 80% of the energy is transformed
into useful heat. VR kettles have an efficiency of 75 till 85% and HR kettles have an efficiency of 90 till
97.5% (Rijksdienst voor Ondernemend Nederland, 2014a).

HR kettles have a positive effect on the energy performance since they have a higher efficiency.
Research predicts that an increasing number of inefficient kettles will be replaced by high efficient
HR kettles (see Figure 2.3).

Table 2.8: Categorization of heating systems according the definite energy label of RVO (Rijksdienst voor Ondernemend
Nederland, 2014b).

Heating system Category

HRe kettle (individual micro-WKK) Individual CV kettle, installation year in or after 1998
Collective WKK (combined heat and power) (WKK) Collective CV kettle, installation year in or after 1998
Individual biomass CV kettle Individual CV kettle, installation year before 1998
Collective biomass CV kettle Collective CV kettle, installation before 1998

# City heating
= Block heating
= Electric heat pumps
» Hybrid kettle
= HR kettle
VR kettle
" CRkettle
* Heaters

Micro-wkk

0%

20%

O%

o Remaining

1585 1990 1995 2000 2005 201C 2015 2020 2025 2030

Figure 2.3: Development of heating systems of dwellings in the Netherlands (Energie Onderzoekscentrum Nederland, 2014).
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EXTRA TAP WATER SYSTEMS

Extra tap water systems are separate devices that heat water. A combi boiler is both for space
heating and hot water supply and therefore these are not defined as extra tap water systems. Two
systems are defined, namely boilers and geysers. Close-in boilers or Quookers are not defined as
extra tap water systems.

An extra tap water system has not necessarily a positive effect on the energy performance of a
dwelling. An electrical boiler constantly keeps water warm in an insulated barrel. A geyser only heats
water when hot water is needed.

VENTILATION SYSTEM

Poor ventilation of a dwelling can increase energy use and health problems by increasing the
humidity ratio of a room. Ventilating by opening windows and doors is defined as natural ventilation,
which is without any devices.

A mechanical ventilation system uses fans to drain dirty air of a space, while ventilation grills supply
clean air. A disadvantage of this system is that the supply air is cold, while the drained air is hot. The
incoming air refreshes the room but also decreases temperature.

A balanced ventilation system with heat recovery heats fresh air with the warmth of drained air that
is going outside. Natural ventilation is superfluous with this ventilation system. An advantage is that
fresh air is not decreasing temperature, as is the case with mechanical ventilation (Rutten, 2009).

In most cases, mechanical and balanced ventilation systems decrease the energy performance
compared to natural ventilation, while moisture problems could be solved by one of those systems.
Furthermore, combining a mechanical ventilation system with a heat pump is efficient since warm
drained air is used to heat water (Rijksdienst voor Ondernemend Nederland, 2014a).

SUSTAINABLE ENERGY OPTIONS

Sustainable energy options are divided into two measures that both use solar energy. Solar panels
transform solar light into electricity, while solar boilers heat water. Both measures are sustainable
because they save fossil energy sources and use a natural source, namely the sun. Also, they have a
positive effect on the energy performance of a dwelling.

2.4 POST WAR NEIGHBOURHOODS

The Second World War has caused a lot of damage and not many dwellings were built during this
period. In 1942, the construction of new dwellings was stopped and old dwellings were demolished
for wood, which was used for heating. The period after the war is recognized as a period of economic
recovery and growth, and as a period that searches for an answer to the housing shortage.

The housing shortage was caused by damage and population growth during the war and by a
shortage of materials, skilled construction workers, money and lacking behind with building
technologies. Before the war, 8.8 million people were living in the Netherlands, while this increased
to 12.9 million in 1970. Especially in the Randstad, the population grew from 4.3 million in 1945 till
5.4 million in 1960, which was caused by relocation expenses’.

Even though construction speed was high after the war, the housing shortage still increased. In 1945
and 1956, the housing shortage was 260,000 dwellings and in 1962 this even increased till 280,000
(Blom, Jansen, & Van den Heide, 2004).

5 . .
Verhuispremie
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The systemization and rationalization of dwellings was used as a solution for the housing shortage
since this increased the construction speed and decreased the price of dwellings. As a consequence,
high-rise buildings were introduced because they increased the construction speed, supported the
increase of car use and were stimulated by the Dutch government. However, high-rise buildings were
not necessarily perceived as positive because they caused problems, such as distance of ground floor
activities and negative experiences of residents (Blom, Jansen, & Van den Heide, 2004).

Apart from changing building methods, the reconstruction period changed urban planning principles.
Shortly after the war, urban planners were designing with the concept of human scale. However, this
changed during the post-war period into a concept in which solving the housing shortage was the
focus. Two types of urban plans were developed in this period; reconstruction plans and expansion
plans (Blom, Jansen, & Van den Heide, 2004). The three case studies of this research are expansion
plans. Expansion plans are characterized by straight, rectangular allotment patterns in which high
and low buildings were used for highlighting segmentation of the whole. They had an orthogonal grid
and were hierarchically structured (Blom, 2013).

In general, a similarity of post-war neighbourhoods is the concept of neighbourhood-thought® that
was used for social cohesion in the neighbourhood. This concept was derived from the garden cities
of Howard. Some used his influence for the spatial positioning, while others were influenced by his
social concept of the creation of communities (Blom, Jansen, & Van den Heide, 2004). In general,
post-war neighbourhoods were spatially divided in quarters with each their own facilities, such as a
neighbourhood centre, school and church. The division differs across neighbourhoods and urban
planners (Broekhuizen, 2013).

Today, post-war neighbourhoods are of importance due to their cultural value but improvement is
necessary. Dwellings are mostly perceived as small with poor building physics and maintenance
(Agricola, Ouwehand, & Velde, 1997). Decrease of demand (Broekhuizen, 2013), demographic and
economic shrinkage led to vacant neighbourhood facilities and impoverishment of public spaces,
especially in rural areas (Blom, 2013).

Post-war neighbourhoods are also seen as monotonic with low transformation possibilities for new
needs and spatial development. The neighbourhood is dependent on residents with needs suitable
for the monotonic characteristic. Also, the percentage of children is low partly due to elderly people
that still live in the same dwelling (Wassenberg, 2004). The current population of post-war
neighbourhoods have a relatively low income compared to other neighbourhoods (Vries, Hamers,
Manting, & Latten, 2007). In general, post-war neighbourhoods are roughly characterized by a high
percentage of elderly and residents with relatively low income.

However, post-war neighbourhoods are also valued due to innovative materials, construction
methods, and urban development designs. These designs were innovative because of their allotment
patterns, the neighbourhood thought and the suitability for mobility in urban plans. They are also
valued by their mostly convenient location to the city centre (Blom, Jansen, & Van den Heide, 2004).

® Wijkgedachte
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3 METHODOLOGY

This section will provide an extensive description of the methodology of this research. First a brief
overview of the methodology will be presented in order to clarify outliners of the methodology.
Thereafter the population, sample and research instrument will be clarified and justified. Then, the
experiences during the data collection and the process and analysis of the collected data will be
described. This section finishes with a comprehensive description of the methodology for each sub-
guestion and the main question.

3.1 RESEARCH DESIGN

This research can be categorized as a quantitative research that investigates motivations of
homeowners for (not) applying energy saving measures. Generalization was part of the aim of this
research and numerical sources were important. This research aimed at finding correlations between
variables explored by literature. Therefore a quantitative research design was suitable with these
aims.

Furthermore, descriptive and inferential statistical methods were used to explore answers.
Descriptive statistical methods were used to describe characteristics of the sample size, to provide
insight into variables obtained from the research instrument and to analyse conscious reasons
provided by the research instrument. Inferential statistical methods were used to find underlying
factors that influence motivations. Results of sub-question one and two were checked on significance
by means of these statistical methods.

An overview of the research design is showed in Figure 3.1. This research combines underlying
factors that influence motivations with consciously mentioned reasons of respondents, which
together form an answer to the main question. The timeframe for conducting this research was 23
weeks.

Sub-question one and two aimed at finding underlying factors and developed an energy and
proactivity range. The energy range indicated the current energy performance of historical dwellings.
The proactivity range indicated the current number of applied measures by homeowners of these
dwellings. Together, they form the current situation regarding energy saving measures of both
dwellings and homeowners.

Both ranges were used as input for the analysis levels of sub-question three. This question aimed at
finding reasons consciously recognized by respondents and used three levels in analysing the
outcomes of the research instrument. Findings of the research instrument were complemented with
a national database. Together, the three sub-questions provided an answer to the main question
since motivations follow from both underlying factors and conscious reasons.

SQ1&2 b
¢ Energy performance of Proactivity

SQ3

Reasons

MQ Motivations

Figure 3.1: Research design (CY is construction year).
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3.2 POPULATION AND SAMPLE SIZE

A sample was derived from the population since time was limited. The population of this research is
formed by homeowners of historical dwellings, which are dwellings built in or before 1974. This
construction year corresponds with construction year categories of the original, provisional, definite
and maximum energy label defined by the RVO, which were used in this research. Thus two main
filters were applied on the residents; ownership and construction year of the dwelling.

The target group for this research was derived from the population by applying a spatial filter. Four
post-war neighbourhoods (Slotervaart and Slotermeer (Amsterdam), Mariahoeve (The Hague) and
Ommoord (Rotterdam)) were selected because they had a considerable number of historical
dwellings and are on the list of the Cultural Heritage Agency’ (RCE) to be designated as national
importance (Rijksdienst voor het Cultureel Erfgoed, 2011b). Also, it is often stated that post-war
dwellings have a poor energy performance, although this is seldom assessed.

The ownership status was obtained from the municipality of Amsterdam, The Hague and Rotterdam.
The number of dwellings in the target group is estimated since sources for exact numbers are not
available (see Table 3.1). The sample was randomly selected from the target group because this
increases the external validity and is a requirement for inferential statistical methods, which are used
in sub-question one and two. The sample size was restricted by the time frame.

Table 3.1: Estimation of population and target group for dwellings built before 1974 (Gemeente Amsterdam, 2014)
(Gemeente Den Haag, 2015) (Gemeente Rotterdam, 2013)8.

Residential stock Dwellings < 1974 PO <1974 /T
Privately owned Privatelyowned | |

Slotervaart & Slotermeer 19016 4409 23% 15086 3527 23% 19%
Mariahoeve 8136 2972 37% 6775 2467 36% 30%
Ommoord 12728 4392 35% 9560 2821 30% 22%
Total 39880 11773 30% 31421 8815 28% 22%

3.3 DESCRIPTION AND JUSTIFICATION OF RESEARCH INSTRUMENT

In order to reach the target group and gather data, respondents filled in an online survey. A survey

with random selection is characterized by a high external validity and low internal validity and is a
preferred method when researching feelings, attitudes, knowledge and opinions (Baarda & De
Goede, 2006). Variables of the survey were complemented with variables identified in literature (e.g.
original and maximum energy label).

7 Rijksdienst voor het Cultureel Erfgoed

8 Data for Slotervaart & Slotermeer is retrieved from “69 Woningvoorraad naar eigendom, 1 januari 2014” and
“67 Woningvoorraad naar bouwperiode, 1 januari 2014”. Construction years were categorized in categories of
10 years and therefore the dwellings built between 1971 and 1980 are divided by the total number of years
(ten) and multiplied by four so that the number of dwellings built before 1974 are estimated. Since privately
owned dwellings built before or in 1974 were not registered in the data files, this was estimated by applying
the historical/non-historical dwelling ratio on privately owned dwellings.

The Buurtmonitor of The Hague selected dwellings of Kampen, Burgen and Horsten en Landen since these are
the four areas that form Mariahoeve. Construction year was divided by categories of 10 years and results were
estimated in the same manner as results for Slotervaart and Slotermeer. Also, the historical/non-historical ratio
was used to estimate the number of privately owned dwellings built before or in 1974.
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To be more specific, an online questionnaire was used because this resulted in a larger sample size
than interviews within the timeframe. Also, the online questionnaire suited the quantitative aims of
this research. Data was retrieved digitally and therefore directly editable with SPSS and Excel.

The survey examines which energy saving measures are applied and conscious reasons for applying
those energy saving measures. Six energy saving measures, namely glazing, insulation, ventilation
system, heating system, extra tap water system and sustainable energy options were used in this
research. Those were derived from the ten parameters of the definite energy label. Furthermore,
those six energy saving measures all have an influence on the energy performance of a dwelling.
Other energy saving measures were explored by an open question in the questionnaire. The
guestionnaire and English translation are presented in appendix B. A brief description and
justification of the questionnaire is described below.

In general, pre-coded questions were preferred over open coding because it increases the speed of
analysing results. Pre-coding is defined as coding of answers before the data is derived (Howitt &
Cramer, 2007), which thus result in multiple-choice questions. Open coding is defined as coding of
answers after the data is retrieved.

First of all, the respondent was asked whether he/she is a homeowner. By a confirmation, the
guestionnaire continued with questions about demographical information, such as address, name
and age. Codes of the question about the age of respondents was based on pre-coding of WoON
2012 (De Rijksoverheid, 2012).

The survey continued with a pre-coded question about the building typology and building sub-
typology of the dwelling owned by the respondent. Codes were retrieved from the definite energy
label in order to calculate energy labels for every dwelling later on.

Hereafter, the awareness of saving energy is researched by two pre-coded questions. Respondents
were asked to estimate the energy label of their dwelling and the awareness of their monthly energy
use. Later on, the latter one was used to define respondents as energy conscious or energy
unconscious. A comparison between the expected and real energy label of the dwelling was used to
explore whether energy conscious respondents would better estimate their energy label.

Then, two open questions were used to explore the applied energy saving measure of respondents
and their reason for this application. These questions were used to enrich the pre-coding of the
multiple-choice questions asked later on.

The introduction of the survey ended with two questions about the influence of the appearance of
their dwelling on the decision-making process for applying energy saving measures. This could be a
factor in the decision-making process, especially because the selected post-war neighbourhoods are
on the list of the RCE to become designating as national importance (Rijksdienst voor het Cultureel
Erfgoed, 2011b). Together, the above introduced subjects of the survey were used to find underlying
factors that influence the motivation for applying energy saving measures.

Thereafter, multiple-choice questions were asked about the six energy saving measure. Every
measure had the same order of questions. Firstly, the currently applied type of measure was asked,
then whether the homeowner applied it and at last the reason for (not) applying.

Questions as well as pre-coded answers about the currently applied type of measure were retrieved
from the definite energy label (Rijksdienst voor Ondernemend Nederland, 2015). Those energy
saving measures affect the energy performance and pre-coding increases the speed of analysing
responses. Therefore, pre-coding was chosen as the best option.

Conscious reasons, defined as explanations of behaviour that are consciously mentioned by
respondents, were also explored by pre-coded multiple-choice questions. Pre-coded drivers were
retrieved from WoON 2012 module energy (De Rijksoverheid, 2012) by selecting the most often
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mentioned answers. Pre-coded barriers were derived from answers mentioned on a trial day.
Additionally, the questions were provided with an open code, which gave people the opportunity to
present their arguments, different than the list of answers that was provided by pre-coding.
Respondents could only mention one reason so that leading reasons were explored.

3.4 DATA COLLECTION

Experiences during the collection of data could influence outcomes of the questionnaire and
therefore experiences are described here. The survey was promoted as part of the ‘Saving Energy
Battle’ (SEB). This event offered homeowners of Slotervaart and Slotermeer, Mariahoeve and
Ommoord a free definite energy label. The survey was carried out in three ways; online on the SEB
website without help of SEB experts or volunteers, completed by one of the volunteers at home or
completed by one of the volunteers at a neighbourhood centre. The online process on the website
consisted of two processes that were executed in a sequential matter or simultaneously with help of
a volunteer.

The first part of the process contained the questionnaire designed for this research and the second
part was the application process for a definite energy label (www.energielabelvoorwoningen.nl).
Both questionnaires were distributed in Dutch and a translation as well as the Dutch version of the
guestionnaire used for this research is presented in appendix B.

The survey was online for twelve days (26 February — 9 March), while support of experts or
volunteers was only available on the fieldwork day (Saturday 28 February). The fieldwork day was
organised by ten students and 25 volunteers.

The volunteers received a short instruction course and a hand-out. This hand-out contained a script
and information about the energy saving measures. The students and volunteers were strongly
recommended to read the question exactly the way they were stated on the questionnaire in order
to increase the reliability of outcomes. During the fieldwork day, experts and volunteers used Ipads
to complete questionnaires at home or at a neighbourhood centre.

The fieldwork day was promoted on websites, local newspapers, the event website
(www.savingenergybattle.nl) and by poster and flyer distribution in the four selected
neighbourhoods on one day (12 February).

The second process required a DigiD of the Dutch government. The requirement of a DigiD was
included in the promotion even though the questionnaire of this research could be completed
without DigiD.

The online survey, assistance at the neighbourhood centre and appointments were open for all
homeowners of Slotervaart and Slotermeer, Mariahoeve and Ommoord. The routes for volunteers
visiting homes without appointments on the fieldwork day and flyer distribution focused on privately
owned dwellings built before and including 1970 because this was the main target group of the
event.

3.5 PROCESSING AND PREPARATION OF DATA

The data retrieved from the survey was checked on the spatial filters of this research and on multiple
completed surveys. Respondents that were not homeowners of a dwelling in Slotervaart, Slotermeer,
Mariahoeve or Ommoord were omitted from the Excel file. Additionally, the first response of
respondents that filled in the survey twice or more was kept (due to consistency with a coordinating
project). The survey verified whether dwellings were privately owned and thus applied the
ownership filter. The data set was coupled on VBO-ID with the LV BAG (dated October 2014) in order
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to have a construction year for every dwelling in the sample. Then, dwellings built after 1974 were
omitted from the data file so that only homeowners of dwellings built in or before 1974 in the four
post-war neighbourhoods were part of the data set.

The codes directly derived from the survey were transformed from text into numbers for the
manageability with SPSS. Afterwards, this data set was imported in SPSS in order to make new
variables and for conducting statistical analysis. All variables and variable values were labelled.
Several new variables were created with SPSS from existing variables. Construction year was
categorized according two groups based on the definite energy label; dwellings built between 1946
and 1964 and between 1965 and 1974. Dwellings were divided over sub-typologies of row dwellings,
sub-typologies of apartments or sub-typologies of maisonettes. Also, a variable was created that
checked the differences between the expected and current energy label of every dwelling.

Another variable indicated the number of applied steps in order to define the proactivity of every
respondent. Dividing the number of applied steps by the maximum steps (six) led to the proactivity
of every respondent of the sample. A new ordinal variable was created from this variable by making
three categories; ‘respondents with a high proactivity’, respondents with an average proactivity’ and
‘respondents with a low proactivity’. The three roughly equal categories of the sample were made
based on the mean value. Three categories were made so that there were two extreme groups that
differ from each other and one intermediary group.

Furthermore, some additional variables, which were used for the energy range, were added based
on other sources. The original (Rijksdienst voor Ondernemend Nederland, 2011a) and the maximum
energy label (www.energiebesparingsverkenner.nl) of historical dwellings were added, which will be
explained later on. Also, the current energy label was calculated for every respondent with an energy
label indicator tool (www.verbeteruwhuis.nl). The score on the energy range is defined as the value
of the current energy label divided by the difference between the maximum and minimum energy
label. Three categories were derived from this variable on the same manner as for the proactivity
categories.

Furthermore, all variables were checked on missing values and typing mistakes with frequency
tables.

Answers on open questions are string variables instead of numerical variables such as described
above. The answers on open questions are categorized by open coding, which means that codes
(categories) are derived afterwards and are based on the answers. The questions were analysed and
coded with Excel. Every code was imported in SPSS as a dummy variable to be able to analyse
frequencies.

Furthermore, open codes (were respondents could present arguments different than the listed
answers) of the multiple-choice questions were also string variables and analysed on the same
manner as described above. The three most often mentioned open codes of every measure were
selected, which resulted in five extra codes. Those were added to the pre-coded answers and the
remaining open codes were categorized as ‘other’.

3.6 DESCRIPTION AND JUSTIFICATION OF RESEARCH INSTRUMENT

This research used inferential statistical methods that generalize outcomes of the sample to the
population. The selection of statistical analysis methods is based on the aim, independency of the
sample, measurement level of the variables (see appendix D), number of covariates, distribution of
variables and number of samples as can be seen in Figure 3.2. The sample was independent and the
number of covariates was zero in all cases and therefore those criteria are not shown in the
overview. Means were derived from cross tabulations and tests were conducted with 95%
confidence interval by means of SPSS.
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Significant results of a Kruskal-Wallis One-Way ANOVA do not indicate which variable groups
significantly differ from each other. Therefore, this test was followed-up by Mann-Witney U tests
between all variable groups in order to discover which variable groups significantly differed from
each other.

For example, a Kruskill-Wallis One-Way ANOVA can indicate that neighbourhoods significantly differ
from each other on their energy performance. However, it is not clear whether Ommoord
significantly differs from Mariahoeve or from Slotervaart & Slotermeer. Mann-Whitney U tests
between those variable groups indicate which neighbourhoods significantly differ from each other.
Furthermore, findings of this research were complemented with literature and the sample was
explored with descriptive statistics in order to gain insight into the data set. A detailed description of
the methodology for each sub-question and the main-question is described below.

Measurement  level Measurement level Number of samples Distribution Test
dependent variable independent variable
Nominal —— Nominal or ordinal Chi-square of contingencies
/ 2 Mann-Whitney U test
Ordinal B Nominal or ordinal
\ 3+ Kruskal-Wallis One-Way ANOVA
/ Normal ——— Independent Samples t test
2 \
/ Other ——— Mann-Whitney U test
Scale B Nominal or ordinal
\ / Normal ——— One-way between groups ANOVA
3+ \
Other ————

Kruskal-Wallis One-Way ANOVA

Figure 3.2: Decision-making tree statistical tests based on Allen & Bennet (2010).

3.6.1 SuB-QUESTION ONE

The aim of this question is to explore the current energy performance of historical dwellings and to
find underlying factors that influence the motivation for applying energy saving measures.

The first step in this sub-question was a comparative analysis between answers regarding energy
saving measures of both surveys in order to check the reliability. Answers of respondents that first
filled in the survey of this research and later on completed the process of the definite energy label
were compared. The definite energy label process required photos of applied measures, which were
checked by experts. Therefore those answers were seen as more reliable.

Furthermore, answers of multiple completed surveys of this research were compared with each
other in order to find inconsistencies between the completed surveys, which gave insight into the
reliability of findings. Both comparisons were carried out with Excel.

Since dwellings have differences in their minimum and maximum energy performance, it was
decided to express the current energy performance in relation to the minimum and maximum
energy performance by developing the energy range. The energy label was used to express the
energy performance of a dwelling during its lifecycle. Energy label sources were accessible on a large
scale and therefore the energy label was used to develop the energy range. The dwellings were
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categorized according to building typology and construction year categories of the definite energy
label (Rijksdienst voor Ondernemend Nederland, 2015).

The original energy label defined the energy performance at the time the dwelling was build and was
explored first in this research. It is defined as the lowest energy performance during the existence of
a dwelling (see Figure 3.3). These energy labels and building characteristics were derived from the
original assumed energy label of a research about exemplary dwellings of 2011 conducted by the
RVO. The original energy label is based on average building characteristics for certain building
typologies and construction year categories (Rijksdienst voor Ondernemend Nederland, 2011a).

The highest energy performance is the maximum energy label a dwelling can reach defined by ten
energy saving parameters of the definite energy label introduced in section 2.3 (see Table 2.3). The
maximum energy label was derived from the ‘energy saving explorer’, which was also developed by
the RVO (www.energiebesparingsverkenner.nl). This energy saving explorer is a model-based
calculation tool that shows energy saving measures for the maximum energy label and the
associated costs. Normally, energy label A is subdivided into A, A+ and A++ but this tool only uses
energy label A because this is more applicable for existing dwellings (Rijksdienst voor Ondernemend
Nederland, 2014a). Required input data for this tool was building typology, building sub-typology,
construction year, surface area and number of residents. For building typology, the survey data did
not distinguish the difference between gallery flats and porch flats. The most common typology
based on the construction year was used and was derived from the provisional energy label
(Rijksdienst voor Ondernemend Nederland, 2014c). Construction year categories slightly differed
between the maximum and provisional energy label. The categories 1946 - 1965 and 1966 - 1975
were matched with 1946 - 1964 and 1965 - 1974 respectively. The surface area and number of
residents were derived from the energy label calculator tool used for the current energy label
(www.verbeteruwhuis.nl).

The current energy label, which is the energy performance of a dwelling nowadays, should be
somewhere on the range between the lowest (original energy label) and highest (maximum energy
label) energy performance (see Figure 3.3). The current energy label was calculated with an energy
label indicator tool on www.verbeteruwhuis.nl. Input data was retrieved from the data set of this
research.

A% A4

Lowest energy performance Highest energy performance
Original energy label Maximum energy label

Figure 3.3: Energy range of historical dwellings based on their energy label.

The scores on the energy range were calculated by the position of the current energy performance
between the highest and lowest energy performance (see section 3.5). Scores that indicate a low
energy performance mean that a dwelling has a low energy label and has a high energy saving
potential. In contrast, a high energy performance means that a dwelling has a high energy label and a
low energy saving potential.

The scores on the energy range were correlated with several factors derived from the survey (age,
city, construction year, building typology, building sub-typology, expected energy label, indicated
energy label, energy consciousness and the role of appearance). Variables that had a significant
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difference on the energy range were defined as underlying factors. Statistical methods were selected
according the method presented in Figure 3.2.

Three energy performance categories were defined to derive policy and segmentation
recommendations from those categories and were used as input for sub-question three.

The provisional energy label, which is derived from a national database, was used as an additional
information source to explore the energy performance of historical dwellings. This energy label
indicated the currently applied energy saving measures and energy labels of the residential stock in
the Netherlands (Rijksdienst voor Ondernemend Nederland, 2014c). The provisional energy label is
mainly based on WoON 2006, which is conducted nine years before this research. Therefore, the
provisional energy label was complemented with results of this research in order to provide insight
into the current energy performance of historical dwellings in the Netherlands. The provisional
energy label was used as a starting point because these were derived from a bigger sample than the
survey sample and checked by visiting dwellings (Rijksdienst voor Ondernemend Nederland, 2014c).
Applied measures (which is more precise than energy labels) indicated by the provisional energy
label and survey were compared with each other according percentage size, differences, sample size
and inconsistencies found in the reliability check of the survey. In case of a difference between the
characteristic indicated by the provisional energy label and the most common characteristic
indicated by the survey, the characteristic of the provisional energy label was changed into the most
common characteristics explored by the survey.

The characteristics derived from this comparison were used to calculate new average current energy
labels with the energy label indicator (www.verbeteruwhuis.nl) for building typology and
construction year categories. These energy labels indicate the current energy performance of
historical dwellings in the Netherlands.

3.6.2 SUB-QUESTION TWO

The aim of this question is to indicate the proactivity of homeowners of historical dwellings regarding
energy saving measures and to find underlying factors that influence the motivation for applying
those measures. The number of applied measures indicates the proactivity of respondents (see
Figure 3.4). Six energy saving measures were derived from the ten parameters of the definite energy
label and thus six measures is the maximum score. The proactivity range is a characteristic of the
respondent instead of the dwelling because the range is focused on applied measures by the
homeowner himself or herself. The number of applied measures was retrieved from the survey data.

The proactivity range was correlated with age, city, construction year, building typology, building
sub-typology, expected energy label, indicated energy label, energy consciousness and the role of
appearance, just as in sub-question one. Variables with significant differences on the proactivity
range were defined as underlying factors. Statistical methods were selected according the method
presented in Figure 3.2.

A comparative analysis with national sources was not possible due to a lack of databases about the
proactivity of homeowners on national scale.
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Lowest proactivity Highest proactivity
0 applied measures 6 applied measures

Figure 3.4: Proactivity range of respondents based on the number of applied measures.

3.6.3 SUB-QUESTION THREE

The aim of this question is to explore conscious reasons for (not) applying energy saving measures.
Conscious reasons are those reasons that are mentioned by the respondent him/herself. The reasons
are explored for each of the defined energy saving measures in this research by means of descriptive
statistics on the data retrieved from the survey. Reasons for applying energy saving measures were
defined as drivers and reasons for not applying energy saving measures were defined as barriers in
order to improve the readability of results.

An open question of the survey was used to explore reasons for applying energy saving measures.
These were reasons for all kind of energy saving measures, not only the ones defined for this
research. The open question was open coded as described in section 3.5.

Also the open codes of the multiple-choice questions (were respondents could present arguments
different than the listed answers) were open coded.

Conscious reasons for the six energy saving measures of this research are analysed on three levels
(see also Figure 3.1).

First, conscious reasons were explored for the sample and reasons per measure were compared. This
analysis aimed at finding similarities and differences in reasoning between energy saving measures.
Frequencies were extracted from SPSS and graphs were made with Excel. The combination of
reasons mentioned for every measure led to an overview of reasons. This overview provided insight
into frequencies of reasons in general and is defined as general reasons.

The second level compared reasons between energy performance categories (categories developed
by sub-question one) in order to find similarities and differences between drivers and barriers of
homeowners of dwellings with a different energy performance. General reasons as well as reasons
for each measure were explored for those three categories.

The third analysis level combined energy performance and proactivity categories, which resulted in
nine categories. Reasons of those nine categories were compared with each other in order to find
similarities and differences between the proactivity of homeowners of different energy performance
categories. A comparative analysis was conducted between the reasons of proactivity categories
within a certain energy performance category. For example, high, average and low proactive
respondents of dwellings with a high energy performance were compared with each other according
their mentioned reasons.

These three levels indicated major drivers and barriers. Major drivers and barriers are the three most
often mentioned drivers and barriers. The main driver or barrier is the most often mentioned driver
or barrier, respectively. All findings were compared in percentages since categories differed in their
absolute numbers. For a fair comparison between categories, relative numbers were preferred.

Furthermore, results of WoON 2012 module energy, which is a national database, were used as an
additional information source for the first analysis level. A comparative analysis between findings of
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this research and that research revealed similarities and differences. Additionally, findings of the
national database supplemented this research with insight into the motivation for the application of
energy saving measures in the following two year.

3.6.4 MAIN QUESTION

The aim of the main question is to explore motivations, which are formed by underlying factors and
conscious reasons.

Findings for underlying factors as well as conscious reasons were compared with literature described
in the state of the art and theoretical framework. An overview of those two main sources, findings of
this research and literature, provided all explored underlying factors and conscious reasons for
applying energy saving measures. These were distinguished between motivations that address the
dwelling or the homeowner, as these were the two main subjects of this research.

Furthermore, the main question combined the three analysis levels of sub-question three by
presenting main results in one overview. A diagram was developed with the conscious reasons for
the three categories of the energy performance and the nine categories based on the energy
performance and proactivity. This diagram presented the three main drivers and barriers of those
categories, which were derived from sub-question three.

Furthermore, this diagram was supplemented by underlying factors explored in sub-question one
and two. Underlying factors with significant differences on the energy range and proactivity range
were categorized by classifying them according their largest category.

This diagram provided insight into motivations by combining the three analysis levels of conscious
reasons with underlying factors. An analysis between the categories revealed similarities and
differences and insight into relations between conscious reasons and the energy performance or
proactivity. Together, the relations between conscious reasons and the energy performance and
proactivity categories and relations between conscious reasons and underlying factors provided
insight into motivations of homeowners for the application of energy saving measures.
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4 THE ENERGY PERFORMANCE OF HISTORICAL DWELLINGS

Every dwelling has its own characteristics, opportunities and limitations to improve the energy
performance. However, a lot of dwellings have common characteristics when they are categorized
according building typology and construction year. A categorization based on building characteristics,
such as building typology and construction year, is necessary to determine the energy performance
of a large residential stock.

The energy performance is developed as a range based on the original, current and maximum energy
label of a dwelling. Energy saving measures increase the energy performance of dwellings and within
this research, six energy saving measures are used, which are retrieved from the definite energy
label.

Underlying factors that influence the motivation for applying energy saving measures are explored by
correlating variables with the current position of historical dwellings on the energy range. Variables
that had a significant difference on the energy range were defined as underlying factors. Those
significant differences are indicated by coloured graphs, while differences that are not significant are
coloured grey. Moreover, graphs that are not presented here and support findings can be found in
appendix H.

The data was obtained by an online questionnaire and a sample descriptive is presented in appendix
C. Additionally, a national database was used to explore the energy performance of historical
dwellings in the Netherlands.

4.1 ANALYSIS

The energy range is developed with the original, current and maximum energy label as was described
in the methodology. An overview of the original and maximum energy label for all 40 categories is
shown in Table E.1.

Roughly half of the building typologies range from G till A and 35% has an original energy label F
instead of energy label G. The maximum energy performance only differs in four cases from the
highest energy label A.

4.1.1 RELIABILITY ANALYSIS

Since some questions of the survey and the application process of a definite energy label were
similar, answers are compared to check the reliability of the survey. In total, 95 respondents finished
both the survey and the application process and are used for this comparison. Some respondents
lived outside the selected areas but are still included in this analysis to increase the sample of the
reliability check.

First of all the validity of the indicator tool for the current energy label is checked with the outcomes
of the application process for a definite energy label. Since it was only possible to compare those
that applied for a definite energy label, it was not possible to compare all current energy labels
defined by the indicator tool. The comparison revealed that in 78% of the cases the energy label
indicated by the calculator tool corresponds to the energy label indicated by the calculation core of
the definite energy label.

In general, 9% of the answers differ between both questionnaires. Especially questions about the
insulation of the facade and insulation of the roof had a high percentage of differences in outcomes
(see Table 4.1).

A comparison of results of the three post-war neighbourhoods shows that percentages differ highly
between measures and neighbourhoods even though the deviation in total in each neighbourhood
are quite similar. It is notable that the measure with the highest percentage of difference is not the
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same in the neighbourhoods. Namely, Slotervaart and Slotermeer have the highest percentage for
insulation roof (24%), Mariahoeve for insulation facade (23%) and Ommoord for ventilation systems
(27%).

Furthermore, differences in building characteristics between the survey and the application process
are found. The comparison reveals differences in outcomes on building typology even though it
seems easy to recognize for homeowners the building typology of their dwelling. The main building
typology is in three cases different and in all these cases maisonette is the answer on the survey,
while apartment was the answer of the application process. Respondents filled in their main- and
sub-typology in the survey themselves, while this was retrieved from the LV BAG in the application
process.

Differences in glazing are mainly caused by mixing up double and HR glazing. In 87.5% of all cases,
double and HR glazing are mixed up, while single glazing is mostly recognized.

Table 4.1: Differences in answers on the survey and answers in the application process of the definite energy label.

Differences survey and definite energy label process

Slotervaart &
Variables Slotermeer (34) Mariahoeve (39) Ommoord (22) Total (95)
Building typology 9% 10% 18% 12%
Construction year 6% 3% 0% 3%
Glazing living area 6% 5% 14% 7%
Glazing sleeping area 3% 10% 18% 9%
Insulation facade 18% 23% 0% 16%
Insulation roof 24% 18% 5% 17%
Insulation floor 9% 3% 9% 6%
Heating system 15% 13% 14% 14%
Extra hot water supply 9% 10% 18% 12%
Ventilation system 12% 8% 27% 14%
Solar panels 3% 0% 0% 1%
Sun boiler 0% 0% 0% 0%
Total 9% 9% 10% 9%

Furthermore, some respondents filled in the survey of this research multiple times and
inconsistencies between those are explored (see Table F.2). Differences refer to the comparison of
the survey and application process of a definite energy label, while inconsistencies refer to the
comparison of multiple completed surveys. In general, findings match between differences and
inconsistencies.

4.2 RESULTS

4.2.1 SURVEY

This research uses six energy saving measures, while many more possibilities for saving energy and
reducing CO, emission exists. The survey included an open question to explore energy saving actions
and to explore respondents’ perception on energy saving measures. This open question was coded in
order to reveal frequencies and often mentioned categories (see Table G.1 and G.2, N=286).
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Energy saving measures used in this research are mentioned by 62.9% respondents and thus the
majority mentioned one or more of these measures (see Table G.5). From those measures, glazing is
mentioned the most, namely 55.1% of responds mentioned glazing as an energy saving measure.
Ventilation systems are least often mentioned of these energy saving measures. Only two
respondents mention the application of a ventilation system as an applied energy saving measure.
Besides the six energy saving measures of this research, energy efficient lamps are mentioned in
20.1% and weather strips in 7.1% of all cases. Also behavioural changes are mentioned, 16.6%
mentioned temperature settings and 8.8% saved energy with the choice or use of devices.

Energy saving actions defined by respondents are ordered into three main categories; fixed
measures, movable measures and behavioural actions (see Table G.3). Moveable measures are
defined as measures that can easily be replaced or removed, such as lighting or reflection foil behind
the radiator. Fixed measures are fixed to the house, such as insulation, glazing and installation
systems. Behavioural actions are defined as behaviour that saves energy, such as temperature
settings.

Findings show that respondents mention measures that are fixed within their dwellings more often
compared to movable or behavioural energy saving measures (see Table 4.2).

Table 4.2: Categorization of open question about energy saving measures into three main categories (N=286).

General measures categorized N Percent of cases [%)]
Fixed measures 190 66.4%
Moveable measures 98 34.3%
Behaviour 77 26.9%
None 37 12.9%
Unclear 3 1.0%
Total 405 141.6%

Three energy performance categories are derived from the score on the energy range for dwellings
(see Table 4.3). Underlying factors are explored with statistical tests on the energy range for
dwellings. Every test was conducted with the full sample (N=263). Main results are presented here
and graphs that are not presented here and support findings can be found in appendix H.

Table 4.3: Categorization derived from the energy range of dwellings.
Energy range Energy range score Number of respondents  Valid Percentage [%]
Low energy performance dwellings 0-0.34 112 42.6
Average energy performance dwellings 0.35-0.54 86 32.7
High energy performance dwellings 0.55-1.00 65 24.7
Total 263 100.0

The lowest score on the energy range is -20%, which means that a respondent has a lower current
energy label than his/her original energy label. The highest score (100%) indicates that a respondent
has reached his/her maximum energy label. The mean score on the energy range is 40%, which
indicates that on average homeowners have reached 40% of their maximum energy performance.
The mean score on the energy range shows a clear distribution over the current energy label (see
Figure 4.1). Since the range is based on the current energy label, it is logic that the score on the
energy range increases by higher energy labels.

This is also visible in findings about the energy performance categories (see Figure H.1). The
distribution of lower energy labels mainly falls into the category ‘dwellings with a low energy
performance’ and higher energy labels in the category ‘dwellings with a high energy performance’.
The category ‘dwellings with a high energy performance’ has a higher diversity of energy labels
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compared to the other two categories, which is caused by differences in the maximum energy label
between building typologies and sub-typologies.

1.0 1 Current energy label
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Figure 4.1: Mean of the dwelling energy range for current energy label; A (N=2), B (N=7), C (N=50), D (N=81), E (N=78), F
(N=33), G (N=12).

The score on the energy range is based on dwelling characteristics since it is derived from the
original, current and maximum energy label. However, no significant differences in the energy range
are found between the two construction year categories 1946 — 1964 and 1965 — 1974. The mean of
both categories, respectively 40% and 39%, is almost equal. Also, the categorization of respondents
within the three categories did not resulted in significant differences between these groups.

Building typology is correlated with the score on the energy range since apartments and maisonette
dwellings have a significantly lower score than row dwellings (see Figure 4.2). In general, apartments
and maisonettes have reached 32% and 39% respectively of their maximum energy performance,
while row dwellings have on average reached 50%. Findings do not indicate significant differences
between semi-detached dwellings and other typologies.

Furthermore, apartments are significantly more often categorized with a low energy performance
than row dwellings. Findings show that 54% of apartments is categorized as a low energy
performance dwelling, while this is 29% of row dwellings (see Figure H.2). From all row dwellings,
34% is categorized with a high energy performance, while this is 15% of the apartments. There are no
significant differences found between the categorization of row dwellings and maisonettes.
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Figure 4.2: Mean of the dwelling energy range for the building typology freestanding (N=2), semi-detached (N=8), row
dwelling (N=100), apartment (N=126) and maisonette (N=27).

46



Chapter 4 - The energy performance of historical dwellings

Building sub-typologies do not have significant differences on the energy range. Although not
significant, row dwellings on the edge have a slightly higher score than row dwellings in between,
respectively 53% and 49%. However, the division over the three categories resulted in significant
differences between the two sub-typologies (see Figure H.3). A higher percentage of dwellings on the
edge fall into the category of high energy performance dwellings compared to row dwellings in
between, 57% and 27% respectively. Also, row dwellings on the edge are less often categorized as
low energy performance dwellings than row dwellings in between.

Findings neither do indicate significant differences in the sub-typologies of apartments, nor in the
sub-typologies of maisonettes.

The geographical location of dwellings is correlated with the score on the energy range. On average,
dwellings in Mariahoeve have reached 34% of their maximum energy performance and dwellings in
Slotervaart and Slotermeer 41%, which is significantly lower than Ommoord (57%) (see Figure 4.3).
This indicates that dwellings in Ommoord are closer to their maximum energy label than dwellings in
the other two neighbourhoods. Additionally, the majority of dwellings in Ommoord are categorized
as dwellings with a high energy performance, in Slotervaart and Slotermeer as average energy
performance dwellings and in Mariahoeve as low energy performance dwellings (see Figure H.4).
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Figure 4.3: Mean of the energy range for Slotervaart & Slotermeer (N=107), Mariahoeve (N=120) and Ommoord (N=36).

Apart from building characteristics, respondent’s characteristics and perceptions are related to the
score on the energy range in order to find underlying factors that influence decision-making on
energy saving measures.

Age and expected energy label are not defined as an underlying factor by findings on the energy
performance since they do not indicate significant differences on the energy range (see Figure H.5
and Figure H.6).

However, it is notable that only three out of 263 respondents expect an energy label A++ and nine an
energy label A+. Also lower energy labels have a lower sample, nine respondents expect an energy
label F and five an energy label G. Expectations of energy label A till E is more common since 90% of
all respondents expect one of those labels. Dividing those expected energy labels over the three
categories does not result in significant differences either.

Energy consciousness is defined as an underlying factor because respondents that indicate
themselves as energy conscious live in dwellings with a significantly higher score on the energy range
than respondents that do not indicate themselves as energy conscious (see Figure H.7). Roughly two
third of respondents indicated themselves as energy conscious and on average they are living in
dwellings that reached 43% of their maximum energy performance, while dwellings of energy
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unconscious respondents have on average reached 34%. Additionally, 30% of energy conscious
respondents are categorized in dwellings with a high energy performance, while 12% of energy
unconscious respondents are categorized in this category (see Figure H.8).

Respondents indicated, by answering an open question of the survey, their applied energy saving
measures (see Table G.1 and G.2). It was explored whether mentioning certain kind of measures
(categories are presented in Table G.3) is related to the score on the energy range.

Mentioning moveable or behavioural measures did not result in a significant higher or lower score on
the energy range than not mentioning those measures. Respondents that mention fixed measures
live in a dwelling with a significantly higher score on the energy range than respondents that do not
mention one of those measures, 43% and 33% respectively (see Figure H.9). Furthermore, the
majority of respondents that did not mention any fixed measures live in dwellings that are
categorized with a low energy performance, while roughly one third of respondents that did mention
one or more fixed measures are categorized in this category (see Figure H.10).

Since the post-war neighbourhoods are on the list to become designated as national importance, the
role of the appearance of a dwelling in applying energy saving measures is investigated. Results show
that dwellings of respondents that did take into account the appearance have reached 49% of the
maximum energy performance, while dwellings of which respondents did not take into account the
appearance have reached 38% (see Figure H.11). Additionally, 45% of respondents that did not take
into account the appearance are living in dwellings categorized as low energy performance dwellings.
Only 28% of dwellings from respondents that did take into account the appearance belong to this
category (see Figure H.12).

Since findings indicate a significant difference, the role of the appearance in the decision-making
process is defined as an underlying factor.

4.2.2 NATIONAL

In order to get a full overview of the current energy performance of historical dwellings in the
Netherlands, the outcomes of the survey and the provisional energy label are combined. Both
sources provide information about energy labels and energy saving measures categorized according
building typology and construction year.

The survey data has a very small sample size® for three main building typology categories
(freestanding and semi-detached 1965-1974) and therefore these are not compared with the
characteristics of the provisional energy label. Furthermore, the current state derived from the
survey data cannot be addressed on sub-typology level for apartments and maisonettes because
sample size is not sufficient for this level'. Therefore, the energy labels for those sub-typologies is
calculated with characteristics derived from the main typology.

9 . .

These categories have a sample size of two or less respondents
10 . .

Sample size is between zero and 77 respondents
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Table 4.4: Overview of original, provisional, current and maximum energy label categorized according building typology and
construction year. Categorization is derived from the RVO.

Main typology Sub-typology

Freestanding

Semi-detached

Row dwelling

Maisonette

Edge

In between

In between - in between

In between - floor

In between - roof

In between - roof floor

Corner - in between

Corner - floor

Corner - roof

Corner - roof floor

In between - in between

In between - floor

In between - roof

In between - roof floor

Corner - in between

Corner - floor

Corner - roof

Corner - roof floor

Construction year
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974
1946 - 1964
1965-1974

Original | Provision

0mﬁmﬁUOUOmOmOOOUImmmmUmUmmmmmomUﬁmUmUmU

| current | maximum

C

49



HOMEOWNERS’ MOTIVATION FOR APPLYING ENERGY SAVING MEASURES

The comparison of both sources for the current energy performance shows some differences. In
general, characteristics match between both sources but also some characteristics do not match.

The provisional energy label indicates that all typologies have single glazing in the living area, while
the survey shows contradicting results for several categories. In the survey, all residents of semi-
detached dwellings of the first period and all residents of row dwellings of the second period
changed their single glazing into double, HR or triple glazing. Therefore, the single glazing indicted by
the provisional energy label for these categories is changed into double glazing, which will affect the
energy label.

Other contradictions in glazing typology are found although less evident (see Table 4.5). The
provisional energy label indicates single glazing in the sleeping area for semi-detached dwellings of
1946 - 1964. However, 71% of respondents in the survey of this category have another type than
single glazing, while even 43% of the respondents in this category have HR glazing. The reliability
analysis described in section 4.1 states that 88% of differences in glazing are caused by mixing up
double and HR glazing. Since more than the majority of respondents has an other type than single
glazing, single glazing as indicated by the provisional energy label is changed for this category into
double glazing, which will eventually change the current energy label. Double glazing was preferred
over HR glazing since this is in coherence with findings of other single-family dwellings. Furthermore,
the typologies shown in Table 4.5 are indicated with single glazing in the sleeping area by the
provisional energy label, while survey results are contradicting with this finding. Therefore, single
glazing in the sleeping area is for those categories changed into double glazing. Although the sample
size of the freestanding category is quite small, comparing the results between both sources shows
that it is likely that also this category has on average double glazing. So single glazing indicated in the
provisional energy label was changed into double glazing for the categories shown in Table 4.5,
which could effect the current energy label of those categories.

Table 4.5: Typologies that had single glazing in the sleeping area according the provisional energy label and that had a high
percentage of other types than single glazing according the survey data.

Construction year With other than single glazing [%]
Freestanding dwelling 1946 - 1964 100%
Semi-detached 1946 - 1964 71%
Row dwellings edge 1946 - 1964 93%
Row dwelling in between 1946 - 1964 89%
Flats 1965 - 1974 70%
Maisonette 1946 - 1964 87%

Other differences are found in the heating system of dwellings. The current state of flats built
between 1946 and 1964 have a VR kettle according the provisional energy label, while results of the
survey indicate that 2% of this category has a VR or CR kettle (N=45). Results from the survey indicate
that 44% has a HR kettle and 40% has a collective HR kettle.

Therefore this characteristic of the provisional energy label was changed from a VR kettle to a HR
kettle.

Results also gave insight into the cost aspects of reaching the maximum energy label. The costs from
a current to a maximum energy label are ranging from 12,664 euro to 51,953 euro. These costs are
indications and dependent on the surface area of the dwelling.

A new energy label is calculated for categories for which one or more characteristics are changed

(see Table 4.4). These changes resulted in fifteen categories that are improved with one energy label
step and two categories that are improved with two energy label steps.
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An overview of the energy performance of historical dwellings in the Netherlands determined with
those energy labels shows that historical dwellings have on average reached 43% of their maximum
energy performance. Thus results on national level verify results of the survey in this research
because it is a slightly higher average than found by the average of the sample of this research (40%).

4.3 CONCLUSION

The aim of this section is to explore the current energy performance of historical dwellings and to
find underlying factors that influence the motivation for applying energy saving measures.

On average, historical dwellings have reached 40% of their maximum energy performance.
Furthermore, findings indicate that glazing and heating systems are often applied, while sustainable
energy options are not often applied. Energy saving measures are thus located at different phases of
the adoption-diffusion cycle but none of the measures have reached a maximum adoption rate yet.
This indicates that homeowners could still apply energy saving measures.

Historical dwellings have on average reached 40% of their maximum energy performance but it is
clear that scores differ on several variables. Several underlying factors, which are identified by
significant differences on the energy range, are explored.

Literature states that building characteristics influence motivations for applying energy saving
measures. Findings of this research show that building typologies significantly differ in their score on
the energy range since apartments and maisonettes have a significantly lower score than row
dwellings. Furthermore, the score on the energy range differs between geographical locations.
Dwellings in Ommoord have a significantly higher energy performance compared to dwellings in
Slotervaart, Slotermeer and Mariahoeve.

Thus literature is supplemented by more specific factors of building characteristics that influence
motivations since literature did not specify this. Building typology and location of the dwelling are
factors that are related to the current energy performance and thus defined as underlying factors.

Moreover, respondent’s perceptions, such as attitudes and beliefs are related to the energy
performance of a dwelling and thus on the motivation for energy saving measures as was also stated
by literature. Energy conscious respondents live on average in dwellings with a significantly higher
energy performance than energy unconscious respondents. Also, respondents that do take into
account the appearance of their dwelling by applying energy saving measures live on average in
dwellings with a higher energy performance than respondents that do not take into account the
appearance.

Findings indicate that apartments and maisonettes, dwellings in Mariahoeve, energy unconscious
homeowners and homeowners that do not take into account the appearance of their dwelling have a
lower energy performance than row dwellings, dwellings in the other neighbourhoods, energy
unconscious homeowners and homeowners that do not take into account the appearance of their
dwelling respectively.

Thus historical dwellings have on average reached 40% of their maximum energy performance.
Homeowners are influenced by the building typology and geographical location of their dwelling and
by their energy consciousness and the role of the appearance in the decision-making process of
energy saving measures and thus these factors are defined as underlying factors.
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4.4 DISCUSSION AND RECOMMENDATIONS

The energy range showed the potential for energy performance improvements since it used the
original energy performance as minimum and the maximum achievable energy performance as
maximum based on buildings typology and construction year. However, this range contains a few
limitations.

The original energy label defines the minimum energy performance. This energy label is based on
research but could be too high or too low since real situations might differ. Findings show a score of
-20% on the energy range, which indicates that the original energy label is too high.

The current energy label was calculated with the energy label indicator tool of the RVO but this could
differ from the official definite energy label calculator since 22% differs with the official calculation
tool. Due to unavailability, it was not possible to use the official calculation tool for this research.
Furthermore, the maximum energy label, explored by the energy saving explorer of the RVO, defines
the maximum energy performance. However, the maximum energy label is not a realistic objective in
all cases since apartments on the ground floor should have solar panels and costs are high for some
building typologies.

This research could be a pilot-study for a larger national research with an increased sample size.
Since the above mentioned limitation will influence the position of dwellings on the energy range, it
is recommended to verify the original energy label and to use the official calculation tool of the
definite energy label. Additionally, an intermediary energy label on the energy range would provide a
more realistic position of dwellings on the range. This intermediary energy label could be defined by
the saving package or extra saving package of the RVO. The limitations decreased the validity of this
research since the position on the energy range might be slightly higher or lower. The recommended
improvements could increase the validity of findings in follow-up researches.

Also, a larger sample size could reveal more significant difference since the recognition of significant
differences is depended on the sample size. The absence of significant differences does not
necessarily mean that there is no significant result at all but a significant difference could be found
with a larger sample size. This is particularly the case by variables with a lot of labels, such as age,
sub-typologies and expected energy label.

Furthermore, a larger sample size could increase the reliability of findings about the current energy
performance of historical dwellings. A combination of findings of the national level and findings of
this research show an almost equal current energy performance. However, the research on national
level was conducted nine years ago. To increase the reliability of findings, it is recommended to
explore the current energy performance of historical dwellings on a larger scale.

Furthermore, differences and inconsistencies of the reliability check showed that homeowners are
not necessarily aware of their dwelling’s characteristics. Experts visiting the house and checking
answers could increase reliability of answers. For example, WoON 2012 module energy research has
done such a house visit and check of an expert.

Thus it is recommended to increase sample size for example by researching other post-war
neighbourhoods or launching a national research. Also, including more variables, such as income and
household typology could lead to an exploration of more underlying factors.

Additionally, a few other recommendations for follow-up research are developed. As findings clearly
show, several underlying factors are defined. However, findings do not explain reasons for the
significant differences on the energy range presented in this section. A hypothesis is developed to
explain the significantly lower energy performance of apartments and maisonettes compared to row
dwellings. Apartments and maisonettes are multi-family dwellings with commonly shared spaces,
such as the roof and the hallway. Generally, a VVE takes decisions regarding common spaces instead
of the individual. For example, the owner of an apartment underneath the roof cannot individually
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decide to apply solar panels since the roof is a commonly shared building element. Row dwellings do
not have such commonly shared spaces or a VVE. The extra level of authority could make the process
harder and this could explain that apartments and maisonettes score significantly lower on the
energy range than row dwellings.

Other explanations for differences on the energy range are lacking. For example, geographical
location is defined as an underlying factor but it is not clear whether this is caused by the mentality
of the city, position in the Netherlands or policies of the municipality. Interviews with respondents
about underlying factors and the decision-making process could reveal explanations for differences.
To confirm or reject the hypothesis and to explore more explanations about differences on the
energy range, it is recommended to do a follow-up research, such as in-depth interviews with
homeowners about the decision-making process of energy saving measures.
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5 THE PROACTIVITY OF HOMEOWNERS

In total, six energy saving measures are considered in this research. The number of measures that are
applied defines the proactivity range. However, proactivity as an independent factor is flawed
because energy saving measures are applied on a dwelling with certain characteristics that shape
opportunities and limitations. Therefore, the proactivity will depend on the energy performance of
the dwelling at the time the homeowner moves in.

The proactivity of respondents is related to variables, which are explored with statistical methods.
Variables that have significant differences on the proactivity range are defined as underlying factors.
Significant correlations are indicated by coloured graphs, while correlations that are not significant
are coloured grey. Moreover, an addition to the graphs presented here are presented in appendix I.

5.1 RESULTS

The proactivity range is developed as a percentage of the number of applied measures (see Table
5.1). Based on results, three proactivity categories are developed just like three categories were
derived from the energy performance of dwellings. On average, respondents have a proactivity of
30%, which means that respondents applied roughly two out of six measures.

Table 5.1: Proactivity categories of respondents.

Number of applied Number of
Proactivity range measures respondents  Valid Percentage [%]

55 20.9
Average proactive respondents 1-2 130 49.4

Low proactive respondents 0

High proactive respondents 3-6 78 29.7
Total 263 100.0

Underlying factors are explored with statistical tests on the proactivity range for respondents. Every
statistical test was conducted with the full sample (N=263) and outcomes of the statistical tests are
presented in appendix I. Main results are presented in this chapter.

In contrast to findings about the energy range, the proactivity between neighbourhoods does not
significantly differ. Although results are not significant, they indicate that respondents living in
Ommoord are less proactive than respondents living in other neighbourhoods (see Figure 1.2).

The construction year of a dwelling can be defined as an underlying factor since significant
differences are found between the two construction year categories of historical dwellings (see
Figure I.3). It appears that respondent of dwellings built between 1946 and 1964 have on average a
proactivity of 36%, while respondents living in dwellings built between 1965 and 1974 have on
average a proactivity of 22%. Furthermore, respondents living in dwellings built between 1965 and
1974 are less often categorized as high proactive than respondents living in dwellings built between
1946 and 1964, 14% and 42% respectively (see Figure 1.4).

Apart from the building characteristic construction year, building typology is also defined by the
proactivity as underlying factor. Respondents living in apartments or maisonettes are significantly
less proactive than respondents living in row dwellings. Findings indicate that respondents of
apartments have a proactivity of 22%, respondents of maisonettes a proactivity of 23% and
respondents living in row dwellings have a proactivity of 40% (see Figure 5.1). Additionally,
respondents living in an apartment or maisonette are on average more often categorized with a low
proactivity than respondents living in row dwellings (see Figure 1.5).
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Respondents living in semi-detached dwellings are on average more proactive than respondents
living in other building typologies but the sample size is small and no statistical differences are found.
Also, the sample size is small for freestanding dwellings since those typologies are less frequent in
post-war neighbourhoods.
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Figure 5.1: Mean of the proactivity range for respondents living in the building typology freestanding (N=2), semi-detached
(N=8), row dwelling (N=100), apartment (N=126) and maisonette (N=27).

Sub-typology is also an underlying factor because sub-typologies of row dwellings do significantly
differ from each other. Findings show that respondents living in a row dwelling on the edge have on
average a proactivity of 49%, which is significantly more than respondents living in a row dwelling in
between (37%) (see Figure 1.6). On average, respondents living on the edge have applied half of the
energy saving measures, which is roughly one extra measure compared to respondents living in row
houses in between.

Furthermore, significant differences are found for certain sub-typologies of apartments.

Respondents of apartments in between and on an in between level have on average a lower
proactivity than respondents of apartments in between on the level underneath the roof, 18% and
29% respectively (see Figure 5.2). The sample size for other sub-typologies is small, which influences
statistical tests and therewith the significance.
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Figure 5.2: Mean of the proactivity range for respondents living in the sub-typologies in between middle (N=62), in between
floor (N=6), in between roof (N=18), edge middle (N=28), edge floor (N=3) and edge roof (N=9) of apartments.
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Apart from building characteristics, findings about the proactivity indicate that respondent’s
characteristics and perceptions are related to the proactivity.

The age of respondents is related to the proactivity and thus defined as an underlying factor for the
decision-making process of energy saving measures. Findings show that the proactivity of
respondents significantly differs between ages (see Figure 5.3). Respondent between 25 and 34 years
old are significantly less proactive than older respondents. On average, they have applied 17% of the
energy saving measures, which is roughly one measure. Respondents between 35 and 54 years are
significantly less proactive than respondents older than 65 years old.

Furthermore, lower ages are less often categorized in the group with a high proactivity than higher
ages. The age group 24 - 34 years old is significantly more often categorized in the low proactivity
group than respondents older than 34 years old (see Figure 1.1). Also, respondents of the age group
45 -54 are significantly more often categorized in the low proactivity group than older respondents.
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Figure 5.3: Mean of the proactivity for respondents with the age 17-24 (N=3), 25-34 (N=34), 35-44 (N=41), 45-54 (N=35), 55-
64 (N=69), 65-74 (N=54) and 75-plus (N=27).

Furthermore, the expected energy label is an underlying factor. It is notable that respondents
expecting energy label A are significantly less proactive than respondents that expect energy label B
or C, 21%, 39% and 34% respectively (see Figure 5.4). Respondents that expect energy label A have
on average applied one energy saving measure, while respondents that expect energy label B or C
have on average applied two measures. Furthermore, findings indicate that respondents that expect
energy label D or E are significantly less proactive than respondents that expect energy label B, 26%,
26% and 39% respectively. Thus respondents that expect energy label B have on average applied
more measures than other respondents, while respondents that expect energy label A have applied
less measures than others, which is also indicated by the categorizing of respondents according
proactivity categories (see Figure 1.7). Additionally, extreme energy labels, such as A++, A+, F or G are
less often mentioned than moderate energy labels.
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Figure 5.4: Mean of the proactivity for respondents with the expected energy label of A++ (N=3), A+ (N=9), A (N=24), B
(N=52), C (N=68), D (N=47), E (N=46), F (N=9) and G (N=5).

Apart from the expected energy label, the current energy label is also defined as an underlying
factor. Respondents living in a dwelling with energy label F are significantly less proactive than
respondents living in a dwelling with energy label C or D (see Figure 5.5).

Even though other differences on the score of the proactivity range are not significant, they indicate
that homeowners of dwellings with a lower energy performance have applied fewer measures than
homeowners of dwellings with a higher energy performance. Additionally, respondent with an
energy label F are significantly more often categorized by a low proactivity than respondent with an
energy label C or D, 33%, 16% and 16% respectively (see Figure 1.8).
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Figure 5.5: Mean of the proactivity for respondents with a current energy label A (N=2), B (N=7), C (N=50), D (N=81), E
(N=78), F (N=33) and G (N=12).

Results show that respondents that mention moveable measures or behavioural measures (see Table
G.3 for a categorization of measures) on an open question that request to identify applied energy
saving measures are less proactive than respondents that do not mention those measures (see
Figure 1.9 and 1.13). Since all of the six energy saving measures used in this research are defined as
fixed measures, it was expected that respondents that mention these measures are more proactive
than respondents that do not mention them. Findings indicate that respondents that mention fixed
measures have an average proactivity of 37%, while respondents that do not mention them have an
average proactivity of 15% (see Figure 1.11).
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Furthermore, findings indicate energy consciousness as an underlying factor. Respondents that
indicate that they are aware of their monthly energy use are defined as energy conscious
respondents. Energy conscious respondents are more proactive than energy unconscious
respondents, 33% and 24% respectively (see Figure [|.15). Furthermore, energy conscious
respondents are on average more categorized with a high proactivity than energy unconscious
respondents, 36% and 17% respectively (see Figure 1.16).

Respondents indicated whether the appearance of their dwelling played a role in the decision-
making process for applying energy saving measures. Results show that respondents that do consider
the appearance in their decision-making process are more proactive compared to respondents that
do not take into account the appearance of their dwelling, 39% and 29% respectively (see Figure
1.17). Furthermore, findings show that respondents that do take into account the appearance of their
dwelling are more often categorized with a high proactivity than respondents who do not consider
that factor, 47% and 27% respectively (see Figure 1.18). Thus also the role of the appearance of the
dwelling in the decision-making process is defined as an underlying factor.

5.2 CONCLUSION

On average, homeowners of historical dwellings have a proactivity of 30%, which indicates that
homeowners have on average applied roughly two out of six energy saving measures. Several
underlying factors, which are identified by significant differences on the proactivity range, are
explored.

Literature states that building characteristics influence the motivation of homeowners for applying
energy saving measures. To be more specific, building typology is an underlying factor because
homeowners living in an apartment or maisonette are significantly less proactive than homeowners
living in row dwellings. Also, building sub-typology is an underlying factor. Furthermore,
homeowners of dwellings built between 1965 and 1974 are significantly less proactive than
homeowners of dwellings built between 1946 and 1964.

Concluding, building typology, building sub-typology and construction year as building characteristics
play a role in the decision-making process of homeowners for the application of energy saving
measures.

Apart from building characteristics, homeowner characteristics and perceptions can be defined as
underlying factors of the decision-making process. In general, older homeowners are more proactive
than younger homeowners, energy conscious homeowners are more proactive than energy
unconscious homeowners and homeowners that do take into account the appearance of their
dwelling are more proactive than homeowners that do not take into account the appearance of their
dwelling.

Combining both building characteristics and homeowner characteristics shows the highest potential
regarding proactivity. Findings indicate that homeowners of apartments, dwellings built between
1965 and 1974 and dwellings with an energy label F have a significantly lower proactivity than
homeowners of row dwellings, dwellings built between 1946 and 1964 and dwellings with an energy
label C or D respectively. Furthermore, homeowners that are between 25 and 34 years old, energy
unconscious, expect energy label A and do not take into account the appearance of their dwelling
have a significantly lower proactivity than homeowners that are older than 55 years old, energy
unconscious, expect an energy label B or C and do take into account the appearance of their dwelling
respectively.
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Together underlying factors explored in this section and the previous section form the underlying
factors identified in this research. Building typology, building sub-typology, construction year,
neighbourhood and energy label of the dwelling and age, energy consciousness, the role of
appearance in the decision-making process and expected energy label of homeowners are underlying
factors that influence the decision-making process of energy saving measures.

5.3 DISCUSSION AND RECOMMENDATIONS

Proactivity (the number of applied measures) is related to opportunities and limitations of the
dwelling for the application of energy saving measures. Exclusively focussing on proactivity scores
will not lead to insight into energy saving potentials. The current situation is not considered in the
proactivity and thus it is not taken into account whether previous homeowners applied measures.
However, the proactivity could indicate that high proactive respondents are more willing to improve
the energy performance of their dwelling than respondents that did not apply any measure yet.
Therefore, decision-making could differ between proactivity categories as will be explored in section
Six.

So solely interpreting proactivity has its limitations as a combination of scores on the energy range
and proactivity range reveals. Dwellings in Ommoord have a significantly higher energy performance
than dwellings in Slotervaart, Slotermeer and Mariahoeve, while their homeowners have applied less
energy saving measures. Although the last difference is not significant, it does clearly indicate that
low proactive homeowners do not necessarily have a dwelling with a low energy performance.

Inventorying homeowner’s perception on their proactivity could be a contribution to the exploration
of the proactivity of homeowners. Respondents might have different opinions about their proactivity
than scores of this research indicate because they are able to consider their opportunities. This could
be explored by a questionnaire with a Likert scale.

Additionally, valuing measures according effort and costs of application might better indicate the
proactivity of homeowners since the easiness of application differs between measures. A weighted
proactivity score would indicate a more realistic proactivity of homeowners.

Furthermore, limitations and recommendations presented in section four are also applicable on
findings of this section. The proactivity could also be explored by a larger sample size, which could
reveal more underlying factors as well as including more variables, which could reveal more
underlying factors. Additionally, explanations of findings are lacking, which could provide useful
information for policy makers. A follow-up research, such as in-depth interviews of homeowners
about the decision-making process is recommended since it could explore explanations of findings.
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Together, conscious reasons and underlying factors are indicators for motivations for applying
energy saving measures. This chapter explores conscious reasons. These reasons could be useful for
policy makers and sales people that sell energy saving measures.

Three analysis levels are used for this section of which an overview is provided in Figure 6.1. Results
will be described according these levels. Firstly, results about the sample are described, then results
for the three energy performance categories and at last results are described for the combination of
energy performance categories and proactivity categories.

Reasons for applying energy saving measures are called drivers and reasons for not applying energy
saving measures are called barriers in order to increase the readability of results.

Furthermore, an important note is that coloured graphs do not indicate statistical differences, as was
the case in section four and five. Statistical tests are not used in this section and therefore all graphs
are coloured. Additional graphs that are not presented in this section are presented in appendix M.
Additionally, this chapter presents all findings in percentages since categories differ in their absolute
numbers (see Figure 6.1). For a fair comparison between categories, relative numbers were
preferred. So for example a term as more often means more often in percentages.
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Figure 6.1: Three analysis levels are used for the exploration of conscious reasons for the application of energy saving
measures. Coloured dwellings represent energy performance categories and coloured people represent proactivity
categories.
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6.1 RESULTS

6.1.1 SURVEY

An open question in the survey about reasons is used to enrich the other pre-coded questions (the
guestionnaire is presented in appendix B) and an overview of codes and frequencies are presented in
appendix K (N=286).

Respondents more often mention drivers than barriers (see Table K.5). Furthermore, other reasons
were explored in this open question since 39.5% of respondents do not mention a pre-coded answer.
In general, respondent are often motivated by cost savings (33.9%), reduction of energy use (22.0%)
and environmental saving (18.5%). Cost savings and environmental saving are both pre-coded
answers in questions asked later on in the survey. Financial barriers (7.3%), applicability (7.0%) and
the association of ownership'" (VVE) (4.9%) are often mentioned barriers (see Table K.2).

Roughly 14% of respondents did take into account the appearance by the application of energy
saving measures. Especially, the windows played a role since roughly one third of those respondents
indicated that this building element was important (see appendix J). In general, old windows are seen
as an opportunity for improving the appearance. Answers, such as “Window frames look better than
earlier” and “HR++ glass looks nice” indicate this finding. Six times respondents that consider the
appearance mention that the overall look of the appearance is important to them and five times
regulations of the municipality or VVE are mentioned.

As an addition to the pre-coded answers, five open coded answers, which are all barriers, were
indicated as reasons that are often mentioned because they were in the top three most often
mentioned open-coded answers of one of the measures (see Table L.1).

The VVE is an important barrier irrespectively the measure. This barrier indicates that the VVE is the
decision-making unit instead of the individual. Additionally, the applicability of energy saving
measures is an important barrier. This barrier indicates that respondents answered that energy
saving measures are not applicable in the dwelling or that it is not possible to apply them.
Furthermore, sufficiency of the current situation, that it was already applied and payback efficiency
are defined as important barriers. Other answers are assigned to the code ‘other’.

Graphs distinguish pre- from open coded answers by representing pre-codes with dark coloured bars
and representing open codes with light coloured bars.

6.1.2 SAMPLE

When combining reasons of the six measures, necessary maintenance is the main driver, which is
mentioned in 38% of all cases (see Figure 6.2). Also comfort and cost savings are major drivers, while
environmental saving is not a major driver.

Furthermore, an assumed lack of benefits is most often identified as a leading barrier, namely in a
quarter of all cases. Two other major barriers are a lack of financial resources and the VVE. Even
though the neighbourhoods are on a list to become designated as national importance, preservation
of cultural and historical value is not often mentioned as a leading barrier since roughly 1% of
respondents mention this barrier.

Thus in general homeowners are motivated by necessary maintenance and inhibited by an assumed
lack of benefits. Even though these are major reasons for energy saving measures, reasons do differ
between measures.

11 .. .
Vereniging van Eigenaren
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Figure 6.2: Reasons mentioned in percentage of answers combined for all measures. Green coloured bars represent drivers
(N=417, which was valued as 100%) and red coloured bars represent barriers (N=1156, which was valued as 100%). Light red
coloured bars are open coded barriers, while dark red coloured bars are pre-coded barriers.

As results presented in Table 6.1 indicate, major drivers and barriers differ between energy saving
measures (see also Table M.1 and M.2). The sample size per measure is 263 respondents but for
insulation five missing values are defined caused by respondents that did not fill in a reason (N=258).
Major drivers and barriers per energy saving measure will be described below.

Comfort, cost savings and necessary maintenance are three major drivers for replacing glazing. Two
barriers are clearly identified as major barriers, namely an assumed lack of benefits (25%) and a lack
of financial resources (21%), while sufficiency of the current situation, was already applied, VVE and a
lack of time or interest are all roughly mentioned by 10% of respondents (see Figure M.1).

Major drivers for the application of insulation are an increase of comfort (39%) and cost savings
(36%). Barriers for the application of insulation are multifaceted (see Figure M.2). A lack of financial
resources, lack of benefits, awareness of possibilities, lack of time or interest and the VvE are all
mentioned by 12% till 17% of respondents.

Major drivers are clear for the application of a ventilation system since 87% mention comfort or
necessary maintenance. It is notable that none of the respondents mentioned cost savings as a
driver, which is in contrast to findings about other energy saving measures. However, sample size is
not very extensive since only 23 respondents applied a ventilation system. A major barrier for this
measure is an assumed lack of benefits, which is mentioned by 32% of the respondents (see Figure
M.3).

The majority of respondents mention necessary maintenance as a driver for the application of a
(new) heating system (see Figure M.4). Major barriers are the VVE (30%) and an assumed lack of
benefits (21%).

Necessary maintenance is also a major driver for the application of extra tap water systems since half
of the respondents mentioned this driver. An assumed lack of benefits is clearly identified as major
barrier, which is mentioned by 37% of respondents (see Figure M.5).
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Reasons for the application of sustainable energy options show a quite other division compared to
the other energy saving measures (see Table 6.1). None of the respondents mentioned necessary
maintenance and comfort as a driver, which are main drivers for other energy saving measures.
However, sample size is low since only seventeen respondents applied a sustainable energy option.
The most common barrier is a lack of financial resources, namely 22% of respondents mention this
reason. Furthermore, findings indicate that 18% mentioned the VVE, 16% a lack of benefits, 15% a
lack of time or interest and 12% mentioned the applicability as a barrier (see Figure M.6).

So as these results indicate, major drivers and barriers differ between energy saving measures. Also,
some measures do have a clear driver or barrier, while others have several major drivers and
barriers.

Table 6.1: The three most often mentioned drivers and barriers for the application of energy saving measures.

Glazing Insulation Ventilation system
31% 39% 48%

Comfort
a 3
Necessary maintenance
g a 13%
Environmental saving

Comfort
g 3

Cost savings

Necessary maintenance

Comfort
g 3

Cost savings

Necessary maintenance

1% 6% 9%

27% 15%

25% 17% 32%

Lack of benefits Lack of benefits Lack of benefits
VT2 Lack of financial resources 2 Lack of time or interest *** Awareness of possibilities !
Was already applied 1 Lack of financial resources *** Lack of time or interest "**

3%

Heating system Extra tap water system Sustainable energy options

61% 50% 53%

Necessary maintenance
g 22%

Cost savings
11%

Comfort

Necessary maintenance
26%
Comfort >**
g 1
Cost savings

Cost savings

g g 47%
Environmental saving

7%

VVE 30% Lack of benefits >'* Lack of financial resources 22*
CEYSTI oM Lack of benefits > Applicability 12% VVE ¥
Lack of financial resources *** Lack of time or interest ** Lack of benefits '*”

6.1.3 DWELLING ENERGY PERFORMANCE CATEGORIES

Furthermore, similarities and differences in conscious reasons between energy performance
categories (low, average and high energy performance) are explored.

The three most often mentioned drivers and barriers are presented since these are useful for new
policies and represent major drivers and barriers.

General reasons are defined as the results of drivers and barriers for all six measures combined.

General reasons

In general, necessary maintenance is the main driver and a lack of benefits the main barrier for all
three categories (see Table 6.2). Apart from similarities, a comparative analysis of energy
performance categories shows that reasons of respondent differ between energy performance
categories.

Respondents of dwellings with a low energy performance more often indicate necessary
maintenance as a major driver than respondents of dwellings with an average or high energy
performance, 47%, 34% and 33% respectively. Furthermore, 29% of respondents living in a dwelling
with a high energy performance mention cost savings as leading reason, which is more often than
respondents of dwellings with a low or average energy performance, 24% and 25% respectively.
Comfort is roughly as often mentioned by all categories.

Environmental saving is the least mentioned driver by all categories. Average and high energy
performance category more often indicate environmental saving as a leading driver for applying
energy saving measures, 14% and 12% respectively, while 5% of respondents living in a dwelling with
a low energy performance mention this.
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Furthermore, barriers differ between energy performance categories. Results show that 32% of
respondents living in a dwelling with a high energy performance mention a lack of benefits, while
22% and 25% of respondents living in a dwelling with a low or average energy performance
respectively mention it. These respondents more often mention the lack of financial resources as can
be seen in Table 6.2.

Also, findings indicate that respondent of a dwelling with a low energy performance more often
mention the VVE as a barrier than respondents living in a dwelling with an average or high energy
performance, 16%, 13% and 10% respectively. Furthermore, a lack of time or interest is indicated as
a major barrier for respondents with a high energy performance, while respondents of dwellings with
a low energy performance more often mention it as can be seen in Figure 6.3.

Thus, conscious reasons do differ between respondents of energy performance categories. Therefore
conscious reasoning is related to the energy performance of a dwelling. Apart from the relation with
the energy performance, the first analysis level revealed that conscious reasons are related to energy
saving measures. Therefore, the relation between conscious reasons and the energy performance
will be addressed below per measure.

Table 6.2: The three most often mentioned drivers and barriers for the application of energy saving measures.

General reasons

Barriers

Low energy performance

P 47%
Necessary maintenance

a 24%
Cost savings

23%
Comfort 2%

Lack of benefits 22*

16%
VVE 1%
- a 1
Lack of financial resources
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g 25%
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34%

16%
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P 33%
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a 29%
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VVE/lack of time or interest **”

M High energy performance Average energy performance ¥ Low energy performance
Necessary maintenance

Cost savings

Comfort

Environmental saving

Lack of benefits

Lack of financial resources

VVE barrier

Lack of time or interest

Applicability

Awareness of possibilities
Other

Sufficiency of current
Was already applied
Preservation of cultural

Payback efficiency

bl

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%
Figure 6.3: General drivers and barriers for applying energy saving measures divided over dwellings with low energy
performance (drivers N=133, barriers N=538), average energy performance (drivers N=155, barriers N=359) and high energy
performance (drivers N=129, barriers N=259). Lighter coloured bars present open coded answers, while darker coloured bars
are pre-coded answers.
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Glazing

In general, necessary maintenance, cost savings and comfort are often mentioned drivers for the
application of glazing irrespectively the energy performance of the dwelling. Table 6.3 shows these
major drivers as well as how many respondents mentioned these drivers.

Also differences in reasoning are identified between energy performance categories since
respondents of dwellings with an average energy performance identify cost savings as the major
driver, while other respondents have necessary maintenance as the major driver.

Findings indicate that 17% of respondents living in a dwelling with an average energy performance
applied glazing because of necessary maintenance, while 34% and 32% of respondents living in a
dwelling with a high or low energy performance respectively applied glazing for this reason.
Additionally, 20% of respondents living in a dwelling with an average energy performance mention
environmental saving as a driver, while 5% and 8% of respondents living in a dwelling with a low or
high energy performance respectively mention it (see Figure M.7).

In general, an assumed lack of benefits and a lack of financial resources are major barriers for the
application of glazing even though differences in frequencies are shown in results.

Respondents of dwellings with a high energy performance more often assume a lack of benefits than
respondents of dwellings with a low or average energy performance, 43%, 23% and 18% respectively.
Roughly a quarter of the respondents living in a dwelling with a low or average energy performance
identify a lack of financial resources as barrier, which is more often than respondents of dwellings
with a high energy performance of which 11% mention it.

Table 6.3: The three most often mentioned drivers and barriers for the application of glazing.

Glazing Low energy performance Average energy performance High energy performance

34% 35% 32%

Necessary maintenance

34%
Comfort ***
Cost savings

Cost savings

28%
Comfort ***
Environmental saving

Necessary maintenance
30%
Comfort ***

26% a
Cost savings

20% 30%

24% 23% 43%

Lack of benefits

VvE M

Lack of financial
g ol: 11

resources/applicability

Lack of financial resources

a 18%
Was already applied
18%

Lack of financial resources
Lack of benefits %
Lack of time or interest '2* lack of benefits

Barriers

%

Insulation

Major drivers for the application of insulation differ between energy performance categories.
Respondents of dwellings with a low energy performance have necessary maintenance as the main
driver, which is mentioned by 36% of respondents. Respondents of dwellings with an average or high
energy performance mention it less often, namely 18% and 10% respectively mention this driver.
Respondents living in a dwelling with an average energy performance identify comfort as the main
driver and respondents living in a dwelling with a high energy performance identify cost savings as
the main driver (see Table 6.4).

Furthermore, environmental saving is more often a leading driver for respondents of dwellings with
an average energy performance than for respondents of a low or high energy performance, 18%, 0%
and 7% respectively (see Figure M.8)

As results in Table 6.4 reveal, barriers are scattered for the application of insulation. However, all
three categories have a lack of benefits and a lack of time or interest in their top three most
mentioned barriers for the application of insulation.
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Table 6.4: The three most often mentioned drivers and barriers for the application of insulation.

Insulation Low energy performance Average energy performance
36%

High energy performance

43% 47%

Necessary maintenance Comfort
36% a

Comfort *** Cost savings
. 29% a g

Cost savings % Environmental saving

Cost savings

37%
Comfort *™*
Necessary maintenance

29%

18% 10%

18% 18% 18%

Lack of benefits
Lack of time or interest
Awareness of

possibilities/applicability

Lack of benefits
Lack of financial resources "
VVE/lack of time or interest

Lack of time or interest
Lack of benefits ***
Lack of financial resources *

6% 18%

Barriers

5% 13%

12%

Ventilation system

Sample sizes for drivers are below ten respondents and therefore no conclusions are derived from
drivers mentioned for the application of ventilation systems.

In general, respondents of all three energy performance categories identify an assumed lack of
benefits and the awareness of possibilities as major barriers for the application of a ventilation
system (see Table 6.5). Another major barrier for respondents of dwellings with a high or low energy
performance is a lack of time or interest, while respondents living in a dwelling with an average
energy performance less often are inhibited by this barrier, 14%, 15% and 8% respectively (see Figure
M.9).

Table 6.5: The three most often mentioned barriers for the application of a ventilation system.
Ventilation system | Low energy performance Average energy performance High energy performance

Drivers (N<10)

27% 31% 42%

Lack of benefits
Lack of time or interest
Awareness of possibilities

Lack of benefits
Awareness of possibilities !
Sufficiency of current situation

Lack of benefits
Barriers Lack of time or interest
Awareness of possibilities

15% 5% 14%

12% 12% 12%

Heating system

Irrespectively the energy performance of the dwelling, necessary maintenance is a major driver for
the application of a (new) heating system.

Furthermore, the VVE is a major barrier for all categories, although respondents of dwellings with a
high energy performance less often mention this barrier than others (see Table 6.6). These
respondents identify an assumed lack of benefits as the main barrier.

Furthermore, respondents of dwellings with a low energy performance are more often inhibited by a
lack of financial resources than respondents of dwellings with an average or high energy
performance, 20%, 2% and 2% respectively (see Figure M.10).

Table 6.6: The three most often mentioned drivers and barriers for the application of a (new) heating system.

Low energy performance Average energy performance High energy performance

P 61% 60% 61%
Necessary maintenance

a 22%
Cost savings
11%

Necessary maintenance

a 20%
Cost savings
11%

Necessary maintenance

a 24%
Cost savings
12%

Comfort Comfort Comfort
VvE 3% VVE 3% Lack of benefits 2%
. Lack of financial resources 2** Lack of benefits 2** VVE 1%
Barriers 16%

Lack of benefits Sufficiency of current situation  Sufficiency of current situation

12% 16%
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Extra tap water system

In general, necessary maintenance is the main driver for respondents of dwellings with an average or
low energy performance for the application of an extra tap water system, while comfort is the main
driver for respondents of a dwelling with a high energy performance.

Findings indicate that 46% of respondents living in a dwelling with a high energy performance
mention comfort, while this is less often mentioned by respondents of dwellings with a low or
average energy performance, 19% and 24% respectively. Respondents of dwellings with a low or
average energy performance more often mention necessary maintenance than respondents of a
dwelling with a high energy performance (see Table 6.7).

A lack of benefits is the main barrier for the application of an extra tap water system irrespectively
the energy performance of the dwelling (see Figure M.11).

Table 6.7: The three most often mentioned drivers and barriers for the application of an extra tap water system.

Extra tap water .
system Low energy performance Average energy performance  High energy performance

B 59% 2 52% 46%
Necessary maintenance Necessary maintenance Comfort
19% 24% . 2
Comfort ** Comfort *** Necessary maintenance

. l . 1 . . 1
Cost savings Cost savings Environmental/cost savings
42%

3%

9% 6% 5%

34% 38%

Lack of benefits
Applicability 1%

Sufficiency of current situation
10%

Lack of benefits
Awareness of possibilities
Lack of time or interest/VVE

Lack of benefits
Lack of time or interest
Lack of financial resources *

13%
10%

14%

Barriers

3%

Sustainable energy options

Only a few respondents applied a sustainable energy option and therefore sample size for
respondents that mention a driver is small. It is notable that only environmental saving and cost
savings are mentioned as drivers for sustainable energy options. However, sample size is small and
therefore no conclusions are drawn from these results.

Barriers for the application of sustainable energy options are scattered since no outliners are found
and major barriers differ between categories as can be seen in Table 6.8. Respondents of dwellings
with an average energy performance more often identify a lack of financial resources as a leading
barrier than respondents of dwellings with a low or high energy performance, 31%, 16% and 20%
respectively (see Figure M.12).

All respondents, irrespectively the energy performance of their dwelling, identify a lack of financial
resources and a lack of time or interest as major barriers for the application of sustainable energy
options.

Table 6.8: The three most often mentioned barriers for the application of sustainable energy options.

Sustainable energy
options

Low energy performance Average energy performance High energy performance

Drivers (N<10)

31% 20%

Lack of financial resources

q - 16%
Lack of time or interest ***
16%

VVE 5% Lack of financial resources

Lack of financial resources "** Lack of benefits "**

time or interest "** Lack of time or Applicability
interest/VvE/Applicability =”

Barriers
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6.1.4 ENERGY PERFORMANCE AND PROACTIVITY CATEGORIES

This level, which is the third level of analysis, combines the energy range of dwellings with the
proactivity of respondents in order to find similarities and differences in reasoning between those
nine categories. The comparative analysis is conducted in a vertical way, which means that
proactivity categories are compared with each other within their energy performance category. So
first results of respondents living in a dwelling with a low than average and at last high energy
performance are described.

Low proactive respondents did not apply a measure and therefore did not mention drivers for the
application of energy saving measures. Only barriers for the application of energy saving measure are
explored for this category.

Results are described in the same manner as the previous section. However, one must keep in mind
that sample sizes are smaller than previous analyses. Therefore, exact percentages have a low
reliability and results are described in terms such as less, more and as often. Due to the low
reliability, results of this section are used to for the development of hypotheses. Exact percentages
can be found in the graphs presented in appendix M.

DWELLINGS WITH A LOW ENERGY PERFORMANCE

General reasons

Irrespectively the proactivity, respondents living in a dwelling with a low energy performance are
often motivated by necessary maintenance and inhibited by an assumed lack of benefits (see Table
6.9). Also cost savings and comfort are major drivers for both categories.

Similarities as well as differences are found for the reasoning between proactivity categories (see
Figure 6.4). Average and high proactive respondents as often indicate comfort as a driver for the
application of energy saving measures. Furthermore, respondents with an average proactivity more
often mention cost savings as a driver than high proactive respondents, while high proactive
respondents more often mention necessary maintenance and environmental saving as drivers than
average proactive respondents. Moreover, respondents with a low proactivity more often mention
the lack of time or interest as a barrier than average or high proactive respondents. Respondents
with an average proactivity less often assume a lack of benefits than low or high proactive
respondents, although differences are small. These average proactive respondents more often
mention the current situation as sufficient than high proactive respondents. High proactive
respondents more often mention the awareness of possibilities and less often mention the VVE,
sufficiency or applicability as a barrier than low or average proactivity respondents.

Thus conscious reasons of respondents living in a dwelling with a low energy performance differ
between their proactivity. Since reasoning differs between energy saving measures, reasons for the
proactivity categories are also explored per energy saving measure.

Table 6.9: The three most often mentioned drivers and barriers by respondents living in a dwelling with a low energy
performance for the application of energy saving measures.
General
reasons

Low proactivity Average proactivity High proactivity

46% 50%

Necessary maintenance
. . 279
Drivers Cost saving %
23%
Comfort >**

Necessary maintenance

23%
Comfort 2**
Cost savings

Dwellings
with a low
energy
performance Lack of benefits
Lack of time or interest

Barriers 16%
VVE %%

19%

23% 20% 25%

Lack of benefits Lack of benefits
VvE 7% Lack of financial resources *

. . 16% R
Lack of financial resources *®*  Awareness of possibilities/Vve
13%

18% 4%
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M High proactive respondents Average proactive respondents B Low proactive respondents

Necessary maintenance

Cost savings

Comfort

Environmental saving

Lack of benefits
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VVE barrier
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Applicability

Awareness of possibilities
Other
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Payback efficiency
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Figure 6.4: General drivers and barriers of respondents living in a dwelling with a low energy performance for applying
energy saving measures divided over low proactive respondents (drivers N=0, barriers N=203), average proactive
respondents (drivers N=81, barriers N=279) and high proactive respondents (drivers N=52, barriers N=56).

Glazing

Necessary maintenance is the main driver for high proactive respondents, while comfort is the main
driver for average proactive respondents (see Figure M.13).

Both average and low proactive respondents identify a lack of financial resources and assume a lack
of benefits as barrier for replacing glazing. Only three high proactive respondents did not apply
glazing and therefore no conclusions are drawn for this category.

Insulation

Necessary maintenance is the main driver for high proactive respondents, while cost savings is the
most often mentioned driver for average proactive respondents (see Figure M.14).

Barriers for the application of insulation are scattered although results indicate small differences. A
lack of benefits and a lack of financial resources are more often mentioned by low and average
proactive respondents than by high proactive respondents.

Ventilation system

Due to the sample size, drivers for the application of a ventilation system are not used to introduce
findings.

An assumed lack of benefits and a lack of time or interest are major barriers for the application of a
ventilation system, irrespectively the proactivity (see Figure M.15).

Heating system

Necessary maintenance is the main driver for both average and high proactive respondents.

The VVE is the main barrier for average and high proactive respondents, while a lack of benefits is the
main barrier for low proactive respondents (see Figure M.16).
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Extra tap water system

Necessary maintenance is the main driver for average and high proactive respondents.

An assumed lack of benefits is the main barrier for low as well as average proactive respondents (see
Figure M.17). Only five high proactive respondents did not apply an extra tap water system and
therefore results are not described.

Sustainable energy options

Since only four respondents living in a dwelling with a low energy performance applied a sustainable
energy option, no drivers are presented.

A lack of time or interest and the VVE are major barriers for low proactive respondents, the VVE for
average proactive respondents and a lack of financial resources is the main barrier for high proactive
respondents (see Figure M.18).

DWELLINGS WITH AN AVERAGE ENERGY PERFORMANCE

General reasons

Necessary maintenance is the main driver and an assumed lack of benefits the main barrier for
respondents living in a dwelling with an average energy performance, irrespectively the proactivity of
respondents (see Table 6.10).

However, major drivers and barriers do also differ between proactivity categories (see Figure 6.5).
Average proactive respondents more often mention necessary maintenance than high proactive
respondents. Additionally, high proactive respondents more often mention cost savings as driver. As
barriers, low proactive respondents more often mention a lack of time or interest and that it was
already applied. Average proactive respondents more often mention the VVE as a barrier, while they
less often mention a lack of time or interest than other categories. High proactive respondents more
often assume a lack of benefits and more often mention a lack of financial resources.

Table 6.10: The three most often mentioned drivers and barriers by respondents living in a dwelling with an average energy
performance for the application of energy saving measures.
General
reasons

High proactivity

Low proactivity Average proactivity

44% 31%

Dwellings
with an

Comfort
Necessary maintenance

6%

Necessary maintenance
o . 22%
Drivers Cost savings %

19% a 2
average Comfort *” Cost savings
energy

29%

25% 23% 31%

Lack of benefits
Lack of financial resources
Lack of time or interest **

Lack of benefits
18% VVE 17%

Lack of benefits
CEIE S Was already applied
Lack of time or interest *** Lack of financial resources*

performance

24%
3%
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M High proactive respondents Average proactive respondents B Low proactive respondents
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Figure 6.5: General drivers and barriers of respondents living in a dwelling with an average energy performance for applying
energy saving measures divided over low proactive respondents (drivers N=0, barriers N=83), average proactive respondents
(drivers N=54, barriers N=197) and high proactive respondents (drivers N=103, barriers N=89).

Glazing

Cost savings is the main driver for replacing glazing of high proactive respondents, while comfort is
the main driver of average proactive respondents.

That it was already applied is the main barrier for low proactive respondents, while an assumed lack
of benefits is the main barrier for average proactive respondents (see Figure M.19). Since only four
high proactive respondents mentioned a barrier for the application of glazing, this category is
omitted from the comparison.

Insulation

Comfort is the main driver for the application of insulation of high proactive respondents, while
necessary maintenance is the main driver for average proactive respondents.

A lack of benefits, a lack of time or interest and that it was already applied are major barriers for low
proactive respondents. A lack of benefits is the main barrier for average and high proactive
respondents (see Figure M.20).

Ventilation system

None of the findings about drivers for the application of a ventilation system are presented here
because sample sizes of all categories are below ten respondents.

An assumed lack of benefits is the main barrier, irrespectively the proactivity of respondents (see
Figure M.21).

Heating system

Necessary maintenance is the main driver for the application of a (new) heating system for both high
and average proactive respondents.
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The VVE is the main barrier for low and average proactive respondents (see Figure M.22). Only six
high proactive respondents mentioned a barrier for the application of a heating system so this
category is omitted from the comparison.

Extra tap water system

Necessary maintenance is the main driver for high as well as average proactive respondents.
Furthermore, an assumed lack of benefits is the main barrier for extra tap water systems
irrespectively the proactivity of respondents (see Figure M.23).

Sustainable energy options

Only three respondents mentioned a driver for the application of sustainable energy options and
therefore no findings are presented here.

A lack of financial resources is the main barrier for the application of sustainable energy options
irrespectively the proactivity of respondents (see Figure M.24).

DWELLINGS WITH A HIGH ENERGY PERFORMANCE

General results

In contrast to findings about high proactive respondents of dwellings with a low or average energy
performance, cost savings is the main driver for high proactive respondents of dwellings with a high
energy performance. Necessary maintenance is the main driver for average proactive respondents
(see Table 6.11).

Major drivers and barriers differ between categories (see Figure 6.6). The applicability is the main
barrier of low proactive respondents, while an assumed lack of benefits is the main barrier of
average and high proactive respondents. Furthermore, low proactive respondents more often
mention the applicability as a barrier than respondents with an average or high proactivity. A lack of
time or interest is a major barrier for low or high proactive respondents, while average proactive
respondents mention it less often. Average proactivity respondents more often mention the VVvE as a
barrier than other categories. High proactive respondents more often assume a lack of benefits than
the other two categories.

Table 6.11: The three most often mentioned drivers and barriers by respondents living in a dwelling with a high energy
performance for the application of energy saving measures.
General
reasons

Low proactivity Average proactivity High proactivity

52% 32%

Dwellings Necessarly/g;naintenance Cost savings
i i Drivers Comfort "~ Necessary maintenance

with a high . 2¥sw

Cost savings " Comfort ™"

29%

energy

performance % 26% 33%

Lack of benefits
Lack of time or interest
Sufficiency/applicability

Lack of benefits
17%

Applicability 4
2t e | Lack of benefits > VVE
Lack of time or interest "** Applicability

11%
12%
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Figure 6.6: General drivers and barriers of respondents living in a dwelling with a high energy performance for applying
energy saving measures divided over low proactive respondents (drivers N=0, barriers N=42), average proactive respondents
(drivers N=52, barriers N=169) and high proactive respondents (drivers N=94, barriers N=80).

Glazing

Cost savings is the main driver for high proactive respondents, while necessary maintenance is the
main driver for average proactive respondents (see Figure M.25). An assumed lack of benefits is the
main barrier, irrespectively the proactivity of a respondent.

Insulation

Cost savings is the main driver for the application of insulation for high proactive respondents. Only
seven average proactive respondents mentioned a driver for the application of insulation and
therefore they are omitted from the comparison.

An assumed lack of benefits, awareness of possibilities and lack of time or interest are major barriers
for average proactive respondents (see Figure M.26). Less than eight low and high proactive
respondents mentioned a driver and therefore they are omitted from the comparison.

Ventilation system

In total, five respondents mentioned a driver for the application of a ventilation system and
therefore categories are not compared.

An assumed lack of benefits is the main barrier of all respondents, irrespectively their proactivity (see
Figure M.27).

Heating system

Necessary maintenance is the main driver for high as well as average proactive respondents (see
Figure M.28).

An assumed lack of benefits is the main barrier of average proactive respondents. Other categories
have a sample size of below eight respondents and therefore are omitted from the comparison.
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Extra tap water system

Comfort is the main driver of high proactive respondents (see Figure M.29). Only one average
proactive respondent mentioned a driver so no results are presented here.

An assumed lack of benefits is the main barrier, irrespectively the proactivity.

Sustainable energy options

Ten respondents mentioned a driver for the application of sustainable energy options. This is a small
sample size and therefore categories are not compared.

Applicability is the main barrier of low proactive respondents, although the sample contains seven
respondents, which is very small. An assumed lack of benefits is the main barrier of average
proactive respondents, while a lack of financial resources and a lack of time or interest are major
barriers of high proactive respondents (see Figure M.30).

6.1.5 NATIONAL

The Dutch government commissions WoON researches about the current building stock every three
year. WoON 2012 is the latest research and the fieldwork for WoON 2015 has started in September
2014 and will be available in 2016 (De Rijksoverheid, 2015).

In 2012, the government introduced a special energy module, which researched the current
energetic quality and energy use of the current residential stock in the Netherlands. WoON 2012
Energy module (WoON 2012 energie module) has addressed 4790 respondents, which were selected
by sending the respondents of WoON 2012 a letter with a requests to cooperate with the energy
module (Tigchelaar & Leidelmeijer, 2013). The research combines data about demographic
information, energy efficient measures, and energy and water usage.

Thus WoON 2012 is a national database, which has a small part about drivers for the application of
energy saving measures. Their data was filtered on ownership and construction year just as results of
this research are.

Figure 6.7 shows a comparison of results between findings on national (WoON 2012) and post-war
neighbourhood level (this research). An important note is that respondents of the national survey
were allowed to pick three answers, while respondents of the post-war survey could only pick one
answer on the question about their reason(s) for the application of energy saving measures. Also, the
national survey has maintenance of the CV kettle as a code, which is mentioned by 17% of the
respondent. The post-war survey has necessary maintenance, irrespectively of a certain measure, as
a code and is mentioned in 38% of all cases. Although findings on neighbourhood level indicate that
this reason is a major reason for applying a new heating system, it is also a major reason for applying
other energy saving measures as results show in the previous section. Therefore those codes are not
directly compared with each other.

Similarities between results of three codes are revealed but also differences are found. The reduction
of noise is mentioned three times in the survey and only for insulation. An insufficient indoor climate,
such as to prevent ventilation- or moisture problems, is mentioned only four times and only for the
application of ventilation systems. So the findings on post-war neighbourhood level scores lower on
these two codes than national findings.

Another driver that is mentioned in both surveys is the value increase of dwellings. Three
respondents of the post-war survey mentioned this by answering a general question about applying
energy saving measures. However, this reason is not answered for any of the specific measures
explored in this research. Other codes do not match between both sources and the national survey
did not explore barriers so these cannot be compared.
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The national survey explored reasons for energy saving measure investments for the following two
years, which are an addition to findings of this research. These reasons are presented in Figure 6.8
and shows that cost savings, saving of the environment and comfort are major reasons for the
application of energy saving measures as is also indicated by the findings shown in Figure 6.7.
Necessary maintenance is less often mentioned compared to reasons for investments of the past five
years but other reasons are roughly as often mentioned.

Results about drivers for a specific energy saving measure do not reach the detailed level of this
research because they are derived from a question that did not specify on a certain measure.
However, findings of this national survey do indicate that all energy saving measures have their own
profile of motivational factors (Tigchelaar & Leidelmeijer, 2013), which findings of this result support.

Past five years

|
Save costs

Comfort ]
CV kettle needed maintenance
Save environment [FE—

It was easy to apply this measure

To prevent ventilation - or moisture problems

To reduce noise

Value increase dwelling

| don't know

Improving the easiness of selling the dwelling

VVE decided this

People in the vicinity do also apply those measure
0% 5% 10% 15% 20% 25% 30% 35% 40%

Figure 6.7: Drivers derived on national level (orange, N=1391) and on post-war neighbourhood level (green, N=263). The
national survey allowed three reasons as an answer so in order to compare both surveys, the drivers are expressed in
percentages for which 100% indicates all answers.

Following two years

Save costs

Comfort

CV kettle needed maintenance

Save environment

It was easy to apply this measure

To prevent ventilation - or moisture problems
To reduce noise

Value increase dwelling

| don't know

Improving the easiness of selling the dwelling
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33.2%
23.1%
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1.8%
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3.6%
1.3%
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Figure 6.8: Reasons for applying energy saving measures derived on national level (orange, N=1391). The national survey
allowed three drivers as an answer so drivers are expressed in percentages for which 100% indicates all answers.

76



Chapter 6 - Reasons for applying energy saving measures

6.2 CONCLUSION

This section explores the main reasons for (not) applying energy saving measures of homeowners of
historical dwellings by means of an online questionnaire.

Results indicate that reasons differ between energy saving measures, between energy performance
categories and between proactivity categories, which will be elaborated below. Literature did not
explore those findings and thus findings complement the current body of knowledge.

Cost savings, environmental saving and the reduction of energy use are in general the most common
reasons for applying energy saving measures as findings of this research indicate. Findings of
literature state that cost savings, environmental saving and comfort are major reasons for the
application of energy saving measures and thus two out of three reasons correspond.

This research focuses on six energy saving measures defined by the definite energy label introduced
in the Netherlands in January 2015. Homeowners are mainly motivated for the application of energy
saving measures by three drivers, which were all pre-coded. In general, necessary maintenance is the
most common driver for applying those energy saving measures, which is mentioned in 38% of all
cases. Although all energy performance categories indicate necessary maintenance as the main
driver, homeowners living in a dwelling with a low energy performance more often mention this
compared to other categories. Furthermore, it is especially a major driver for the application of
heating and extra tap water systems since the majority of homeowners mention it for these
measures. Findings on national level indicate that necessary maintenance is often mentioned as a
driver for measures that are applied in the past, while it is not a major driver for planned energy
saving measures in the future.

Also comfort and cost savings are major drivers and both mentioned by roughly a quarter of
homeowners. Findings indicate that comfort is the most often mentioned driver for the application
of glazing, insulation and ventilation systems. It is also an often mentioned driver by all three energy
performance categories and by both average and high proactive homeowners. Literature also
indicated that comfort is a driver for the application of energy saving measures.

Furthermore, literature states that financial matters are not leading reasons. However, findings of
this research indicate cost savings as a major leading driver. Cost savings is a major driver for all
energy saving measures except for ventilation systems. It is, as well as comfort, the most often
mentioned driver for the application of glazing and the most often mentioned driver for the
application of sustainable energy options.

Environmental saving is the least common driver for the six energy saving measures. It is for none of
the measures the most often mentioned driver. Literature states that problems of the environment
are often not leading reasons for the application, which findings of this research support. Attitudes
and beliefs towards the environment do differ between energy performance categories since
homeowners of dwellings with an average energy performance more often mention it than others.
Thus necessary maintenance, cost savings and comfort are major drivers for homeowners, while
environmental saving is in general not a leading reason. Furthermore, major drivers differ between
energy saving measures as well as for energy performance categories. Necessary maintenance is the
main driver in general and the main driver for heating and extra tap water systems, while comfort is
the main driver for glazing, insulation and ventilation systems and cost savings for the application of
sustainable energy options.

Barriers are pre-coded, which are answers of multiple-choice questions formulated by the researcher

in advance, and open-coded, which are answers that the respondent came up to by him/herself by
ticking the option ‘other’ and by specifying this during the survey.
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The most often mentioned pre-coded barrier, irrespectively the energy performance or proactivity,
for the application of the six energy saving measures is an assumed lack of benefits, which is
mentioned in a quarter of all cases. Furthermore, findings indicate that this is the most often
mentioned barrier for the application of glazing, insulation, ventilation system and extra tap water
systems. As was explored in literature, most homeowners underestimate the saving potentials of
their dwelling and do not see the possibilities.

Thereafter, financial matters also inhibit the application of energy saving measures since a lack of
financial resources is identified as a major barrier. A lack of financial resources is the main barrier for
sustainable energy options and more often a major barrier for homeowners of dwellings with a low
or average energy performance than for homeowners of dwellings with a high energy performance.
A loan could diminish this barrier, however homeowners are often not willing to take a (further) loan
to invest in energy saving measures.

The VVE is also in general a major barrier and the main barrier for the application of a (new) heating
system. Findings of sub-question one indicate that roughly 60% of multi-family dwellings have a
collective heating system, while other energy saving measures are generally not collectively shared
measures. This explains the high percentage of homeowners that indicate the VVE as barrier for the
application of a heating system. Furthermore, homeowners of dwellings with a low energy
performance more often mention this barrier than others. Results of sub-question one indicate that
homeowners living in apartments, which normally have a VVE, are significantly more assigned to the
low energy performance category than homeowners living in row dwellings, which normally do not
have a VVE. This explains that homeowners of dwellings with a low energy performance more often
mention the VVE as barrier than others. Moreover, it is notable that literature indicates the VVE as
driver, while this research clearly indicate that the VVE is often perceived as a barrier.

Thus necessary maintenance and a lack of financial resources as pre-coded barriers and the VvE as
open coded barrier are in general indicated by homeowners as major barriers for the application of
energy saving measures.

Furthermore, people tend to have a lack in motivation to collect and evaluate information, while one
step in the decision-making process is the evaluation of alternatives. As a result, a lack of time or
interest is a barrier for the application of energy saving measures. In general, low proactive
homeowners and high proactive homeowners of dwellings with an average or high energy
performance indicate this as a major barrier. Also homeowners indicate this as a major barrier for
the application of insulation, ventilation systems and extra tap water systems, while it is not a major
barrier for other energy saving measures.

Furthermore, the applicability of energy saving measures is indicated as a major barrier for the
application of extra tap water systems, which is caused by combi-kettles that both contain a heating
and extra tap water system. When a homeowner has a combi-kettle, an extra tap water system is
unnecessary. Additionally, only homeowners of dwellings with a high energy performance indicate
the applicability as a major barrier.

Findings of this research and literature indicate that, despite of information sources of specialists and
the Internet, the awareness of possibilities is still a barrier for the application of energy saving
measures. Although the awareness is often not a major barrier, it is a major barrier for the
application of ventilation systems.

At last, sufficiency of the current situation, was already applied, payback efficiency and the
preservation of cultural and historical value are not major leading barriers for the application of
energy saving measures. People tend to have a preference for keeping the status-quo over changing
it, which is associated with the barrier that the current situation is sufficient. Furthermore, findings
indicate that the preservation of historical and cultural value does not play a leading role in the
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decision-making process although the post-war neighbourhoods selected for this research are on a
list to become designated as national importance.

Concluding, necessary maintenance is the main driver and an assumed lack of benefits the main
barrier for the application of energy saving measures. Additionally, in general cost savings and
comfort are major drivers and a lack of financial resources and the VVE major barriers.

However, drivers and barriers differ between energy saving measures. Comfort is the most often
mentioned driver for the application of glazing, insulation and ventilation, necessary maintenance for
heating systems and extra tap water systems and cost savings for sustainable energy options. A lack
of benefits is the most often mentioned barrier for the application of glazing, insulation, ventilation
systems and extra tap water systems, VVE for heating systems and a lack of financial resources for
sustainable energy options.

Furthermore, findings indicate that drivers and barriers differ between energy performance
categories. Although necessary maintenance and a lack of benefits are for all three categories the
most often mentioned reasons, thereafter cost savings is a major driver for homeowners living in a
dwelling with a low or high energy performance, while this is comfort for homeowners living in a
dwelling with an average energy performance. Additionally, the second most often mentioned
barrier is the VVE for homeowners living in a dwelling with a low energy performance, a lack of
financial resources for average dwellings and the applicability for homeowners living in a dwelling
with a high energy performance.

At last it can be concluded that reasons differ between proactivity categories. For example, in the
category of homeowners living in a dwelling with a high energy performance, average proactive
homeowners most often mention necessary maintenance as a driver, while high proactive
homeowners most often mention cost savings.

6.3 DISCUSSION AND RECOMMENDATIONS

As presented in the conclusion, results show several new findings that were not discovered in
literature yet. These results also revealed recommendations and opportunities for follow-up
researches.

Answers in this research were both pre- and open coded as explained in the methodology. The open
code provided respondents the opportunity to show their reasons, different than the listed reasons.
Answers on this open code were categorized and new codes were created from these answers in
order to compare closed and open answers. However, the comparison between pre-coded answers
and open-coded answers is not entirely fair. Respondents could be more likely to answer pre-coded
answers because they do not have to come up with an answer by themselves. Therefore, it is
assumed that the VVE, applicability, sufficiency of current situation, was already applied and payback
efficiency would be more often mentioned if these barriers were pre-coded instead of open-coded.
Pre-coding those answers instead of open coding could change the identified major barriers.
Therefore graphs clearly show which barriers are pre-coded and which are open-coded and it is
highly recommended for follow-up research that all barriers are pre-coded.

Additionally, the open-codes as well as pre-codes do not have strict boundaries. Therefore, some
codes are overlapping. For example, ‘not applicable’ is slightly overlapping with the VVE code
because answers, such as ‘apartment’ and ‘not possible related to flat’ are coded in the applicability
code. These answers could indicate that the VVE is the barrier but one could only assume the
relationship with the VVE because respondents do not mention the VVE directly. Also for example a
lack of benefits and a lack of financial resources, and sufficiency of current situation and was already
applied could overlap each other. Furthermore, pre-coded answers could have multiple meanings.
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For example, a lack of benefits could mean that there is a lack of financial benefits or a lack of
benefits for the environment.

These limitations have influenced results of this research since people that have the same reason
could pick different answers and different reasons are covered by one answer. A more detailed
description of answers could be a solution for those overlapping boundaries.

Based on those limitations, it is strongly recommended for follow-up research to include answers as
pre-coded answers. Those pre-codes can be derived from this research and supplemented with
reasons explored by a follow-up research. In-depth interviews could reveal all reasons that play a
role in the decision-making process by revealing the underlying thinking process and the impact of
this reason on the decision. Additionally, all codes should have strict boundaries without overlapping
each other.

A major barrier mentioned by homeowners, irrespectively the proactivity or the energy performance
of the dwelling, is a lack of benefits. However, it is not clear whether benefits are truly lacking or
whether the homeowner does not recognize them since people tent to overestimate risks compared
to savings or potentials. Also, profit or loss framing, emotions, such as anticipated regret,
experiences in the past and group thinking influence the perception of benefits. Energy saving
measures have clear benefits since they improve energy efficiency and thus environmental impact.
Also, other homeowners that applied energy saving measures identified other benefits, such as
comfort or cost savings. Mentioning a lack of benefits could indicate that homeowners are
uninterested in benefits, already reached a maximum efficiency or are not fully aware of benefits.

Findings of this section indicate that reasons differ between energy saving measures, energy
performance categories and proactivity categories. However, it is not clear why a category more
often mentions a certain reason than other categories and a deeper understanding of reasoning
could explain this difference. Some of these differences are explained by hypotheses.

The first hypothesis is that reasoning could partly be explained by the characteristics of measures.
Findings indicate that 61% of homeowners (re)placed their heating systems by reason of necessary
maintenance, which is an outstanding high percentage compared to other energy saving measures.
This might be caused by the fact that each dwelling has such a system and a heating system often
needs maintenance. Furthermore, characteristics might also explain the outstanding high percentage
of respondents that mention a lack of benefits for the application of ventilation and extra tap water
systems compared to other measures. Those measures do not necessarily raise the energy
performance of a dwelling, which might affect the decision to apply them. Thus it is hypothesized
that the characteristics of a measure, such as familiarity and energy efficiency impact can partly
explain differences in reasoning between measures.

Moreover, homeowners of dwellings with a high energy performance more often mention the
applicability as a barrier, which might be caused by their current high energy performance. It is
hypothesized that the applicability of energy saving measures is a major barrier by homeowners of
dwellings with a high energy performance because they already have high efficiency measures and
more efficient measures cannot be applied or will take more effort and convenience.

Homeowners of dwellings with a high energy performance also often mention a lack of benefits.
Findings do not consider whether the best option was already applied. Respondents always had to
mention a barrier if they did not apply the measure. This might explain why homeowners living in a
dwelling with a high energy performance often mention that benefits are lacking. It is recommended
to exclude answers about barriers where the best option is already applied so that results indicate
barriers for further improvement.

At last, it is hypothesized that environmental saving is not a major barrier because sustainability is
defined as a social dilemma in which individual interests conflict with common interests. Common
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interests are often not convincing enough and this could explain why environmental saving is not a
major driver.

Therefore, a contribution to this research would be the exploration of explanations behind
differences for example by means of interviews.

It was expected that homeowners would indicate the preservation of cultural and historical value as
a major barrier for the application of energy saving measures because the neighbourhoods are
designated as nationally important. However, respondents mention it only few times. An unclear
understanding of the word ‘cultural and historical value’ could cause this. A pre-code, such as ‘I
wanted to keep the appearance of my dwelling’ would be more understandable for respondents.
Also, it is hypothesized that the appearance is more often seen as a driver to apply energy saving
measures than as a barrier. Homeowners revealed that they were motivated to apply a measure by
an according to them unsightly part of the appearance, such as a steal window frame. Follow-up
research could correlate the application of energy saving measures and the role of cultural value in
the decision-making process in a more extensive way. Interviews could explore the perception of
homeowners about cultural value and the influence of this on the decision for applying energy saving
measures.

Furthermore, it is notable that health was not a major reason for the application of energy saving
measures. For example, moisture problems have a bad influence on the health of people. Since it is a
major issue in life, one might expect that homeowners apply measures to improve and maintain a
healthy indoor climate. However, findings do not indicate this driver for the application of energy
saving measures and therefore it is hypothesized that health is not a leading factor in the decision-
making process for the application of energy saving measures.

Findings do not take into account whether the application of a measure improved the energy
performance or if the same energy efficient element was replaced. Thus results of the survey show
the reason for applying energy saving measures but do not show their impact. Since policies aim at
improving the energy efficiency of dwellings, it is recommended to take into account whether the
energy efficiency is improved by the application or if it did not affect this.

Furthermore, the reliability of findings could be improved. The sample size was not sufficient for the
third level of analysis because homeowners were categorized over nine categories. This division
resulted in small sample sizes' for several categories, which decreased the reliability of findings. A
recommendation for follow-up research is to increase the reliability by a larger sample size. A survey
on national level about historical dwellings could increase the sample and thus the reliability.

The reliability could be improved as well by another research instrument that verifies findings or by a
longitudinal research. Findings indicate that between 35% and 51% of answers on reasoning question
is inconsistent between multiple completed surveys. This clearly affects the reliability of findings and
it is recommended to use triangulation or to do a longitudinal survey in order to improve this. For
example, observations or an extensive literature review could increase the reliability of findings.

Thus findings created hypotheses, recommendations for follow-up research and provide new
research fields. Also, findings are useful for policy designs since policies are not yet designed on
motivations. Since underlying factors will also affect policy recommendations, these will be discussed
in section nine.

2 sample size with ten or less than ten respondents
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7 MOTIVATIONS

Motivations are defined by underlying factors and conscious reasons for applying energy saving
measures since both unconscious and conscious influences and reasoning play a role in motivations
for decisions. People construct and rationalize their reasons afterwards the decision-making process
and thus both conscious and unconscious reasons are considered in this research.

Underlying factors are explored in section four and five and conscious reasons are explored and
analysed on several levels in section six. The combination of those two types of reasons forms the
answer to the main question.

An overview of underlying factors and conscious reasons of homeowners derived from literature and
findings of this research is shown in Table 7.1. Both underlying factors and conscious reasons are
divided into aspects regarding dwellings and regarding homeowners since these are the two main
addressed objects of this research.

Underlying factors

Results show that this research gains a deeper understanding of which building characteristics play a
role in the decision-making process for the application of energy saving measures. Namely findings of
this research indicate that location, building typology, building sub-typology, energy label of the
dwelling, necessary maintenance and the VVE play a role in the decision-making process.

Literature complements findings of this research with additional underlying factors about
characteristics of homeowners. However, it is not clear whether these factors influence homeowners
of historical dwellings since literature focused on the residential stock in general.

Conscious reasons

Perceptions of respondents on building characteristics are reasons that concern the building but can
differ between respondents for the same building. For example, attitudes towards the process can
differ even though dwelling characteristics correspond. Therefore, perceptions have an influence on
the motivation for the application of energy saving measures.

Furthermore, the perception of homeowners on their current situation influences the decision-
making process of the application of energy saving measures as is both indicated by this research and
literature.

Thus as findings of this research and literature indicate, the underlying factors and conscious reasons
of homeowners presented in Table 7.1 influence the motivation for the application of energy saving
measures. The motivations derived for this research focus on homeowners of historical dwellings,
which could be different than motivations of homeowners explored for the residential stock in
general. Therefore, motivations derived from literature cannot be defined as motivations for
homeowners of historical dwellings without further research.
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Table 7.1: Underlying factors and conscious reasons derived from findings of this research and literate that together form
the motivation for the application of energy saving measures.

This research Literature

Location Building characteristics

Construction year Construction year
Building typology
Building characteristics Building sub-typology
Energy label
Underlying Necessary maintenance Necessary maintenance CV kettle
factors Building life cycle
Age
Proactivity
Respondent characteristics Income
Gender
Household typology

Was already applied
Applicability
Easiness of application
Comfort Comfort
VVE barrier VVE
Expected energy label

Respondent S perception on Role of appearance

building characteristics . .
Improvement indoor climate

Noise reduction

Heating energy savings

Value increase dwelling
Easiness of selling the dwelling

Lack of financial resources Lack of financial resources
Financial insecurity
Conscious Cost savings Cost savings
reasons Perception of benefits
Awareness of possibilities Awareness of possibilities
Sufficiency
Time or interest
Environmental saving Environmental saving
Energy consciousness Attitudes and beliefs

Respondent's perception on their Payback efficiency

situation Economic reasonability (payback time)

Expected stress

Experiences of others

Trust of government, institutions,
contractors and community
Independency of fossil fuels
Regulations
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Figure 7.1 presents an overview of the motivation of homeowners of historical dwellings by
combining underlying factors and conscious reasons. This figure presents the three most often
mentioned conscious reasons in green and red coloured text.

Variables that have significant differences on the energy range or proactivity range, which are
defined as underlying factors, are presented in grey coloured text. These variables are presented in
their largest category. For example, respondents living in an apartment are more often categorized in
the low energy performance category than in the average or high energy performance category.
Therefore, apartments are presented in the low energy performance category and the diagram
shows that roughly 55% of respondents living in apartments are categorized in the low energy
performance category, while the remaining is categorized in the average or high energy performance
category.

Low proactive respondents did not apply any measure and therefore reasons for applying energy
saving measures are not indicated for this group. Reasons for proactivity groups irrespectively the
energy performance of their dwelling are not explored because proactivity is dependent on the
energy performance of the dwelling as is explained in section five.

The overview reveals similarities as well as differences between the second and third analysis level of
section six and shows relations between underlying factors and conscious reasons.

Necessary maintenance plays a major role in the decision-making process for the application of
energy saving measures irrespectively the energy performance of dwellings or the proactivity of
homeowners. Findings show that necessary maintenance is the most or second most mentioned
driver of all categories (see Figure 8.1). Also, comfort and cost savings are both major drivers, while
none of the categories has environmental saving as one of the three most often mentioned drivers.
Additionally, respondents often assume a lack of benefits irrespectively the energy performance or
proactivity. Thus irrespectively the energy performance or proactivity, necessary maintenance is a
major driver and an assumed lack of benefits a major barrier.

Apart from the similarities, categories do also differ in their main drivers and barriers. In total, four
drivers are recognized in this research. Since environmental saving is not often mentioned as driver,
the top three drivers do correspond between categories. However, considering frequencies, they do
differ between categories. It is notable that high proactive respondents living in a dwelling with an
average or high energy performance less often mention necessary maintenance compared to the
other categories. The other categories mention it in at least 40% of cases, while high proactive
respondent of dwellings with an average or high energy performance mention it in less than 30% of
cases.

Considering barriers, categories clearly differ between each other since main barriers differ.
Differences are found between the top three most often mentioned barriers as well as between
frequencies of mentioning those barriers. A few striking results of categories and their associated
main barriers are presented below.

All homeowners often assume a lack of benefits but high proactive homeowners, irrespectively the
energy performance of their dwelling, more often assume a lack of benefits than other respondents.
Furthermore, the VVE is a major barrier for all energy performance categories irrespectively the
proactivity. However, the nine categories that combine the energy performance and proactivity do
not necessarily have this as a major barrier. Only respondents of dwellings with a low energy
performance or average proactive respondents indicate the VVE as major barrier.

Also, the diagram shows that low proactive respondents irrespectively the energy performance of
their dwelling often mention a lack of time or interest for energy saving measures.
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Figure 7.1: Overview of the motivation for several respondents groups. Green coloured text shows the most often mentioned
drivers, red coloured text shows the most often mentioned barriers and grey shows the underlying factors that are
significantly different between groups.
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Furthermore, a pattern can be identified in respondents that mention a lack of financial resources as
barrier. Results indicate this as a major barrier for respondents categorized in the top left corner of
the diagram. Average or high proactive respondents of dwellings with a low or average energy
performance often mention this barrier, while it is not a major barrier for other categories. Thus the
lack of financial resources is related to the energy performance of the dwelling and the proactivity of
respondents.

So several relations between conscious reasons and the energy performance and proactivity are
revealed in the results. Therefore findings indicate that conscious reasons are related with the
energy performance of the dwelling and the proactivity of the homeowner.

Furthermore, the diagram incorporates both conscious reasons and underlying factors.

As presented earlier, respondents of dwellings with a low energy performance or with an average
proactivity often mention the VVvE. Additionally, findings indicate that the low energy performance
category is the largest for apartments and maisonettes, while dwellings with an average energy
performance is the largest category for row dwellings (see Figure 7.1). Since apartments and
maisonettes often have a VVE, findings indicate a relation between underlying factors and conscious
reasons.

Additionally, average proactive respondents, irrespectively the energy performance of their dwelling,
mention the VVE as a major barrier, while less than 17% of respondents of the other proactivity
groups mention it. The average proactivity category is the largest category for apartments and
maisonettes, while the high proactivity category is the largest category for row dwellings. Also these
findings indicate a relation between underlying factors and conscious reasons.

Solely analysing underlying factors shows the division of the variable on both the energy
performance categories and proactivity categories.

Respondents that live in a row dwelling as well as respondents that take into account the appearance
of their dwelling by applying energy saving measures score high on the energy as well as proactivity
range. Both are categorized with a high proactivity and a high energy performance, which indicates
that those respondents have on average applied a considerable number of measures and their
dwellings have a considerably high energy performance.

At last, it was assumed that energy conscious respondents would better estimate their energy label
than energy unconscious respondents since the latter one are not aware of their monthly energy
usage. Findings show that energy conscious respondents show a deviation of approximately 1.17
steps in estimating their energy label and energy unconscious respondents show a deviation of
approximately 1.38 steps. However, this difference is not significant and thus it cannot be stated that
respondents that are energy conscious better estimate their energy label than respondents that are
energy unconscious.
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8 CONCLUSION

The application of energy saving measures improves the energy performance of dwellings. The
motivation and decisions are essential in understanding the behaviour of homeowners and
increasing their application of those measures. A comprehensive overview of motivations is still
lacking in the Netherlands, while large national researches have shown energetic qualities of
dwellings and energy use but lack a comprehensive overview and insight into motivations for energy
saving measures.

This section will describe the main conclusions of this research and will provide an answer to the
main research question ‘What are the motivations of homeowners of historical dwellings for the
application of energy saving measures?’ by using findings and conclusions from all three sub-
guestions. Motivations are defined as the justification of decisions and behaviour; why people act
and make certain decisions. Those motivations can be consciously known by homeowners, which are
defined in this research as conscious reasons or homeowners can be influenced unconsciously by
factors, which are defined in this research as an underlying factors.

This research approaches six energy saving measures; glazing, insulation, ventilation system, heating
system, extra tap water system and sustainable energy options.

The existing residential stock plays a major role in the sustainability goals of today. Privately owned
historical dwellings have on average reached 40% of their maximum energy performance. The
remaining 60% is the energy saving potential that could be used by applying the six energy saving
measures defined by this research. Therefore, the market of energy saving measures is not yet
saturated and diffusion of measures into the market of homeowners is still possible.

The energy performance of dwellings helps to identify underlying factors, which are revealed by
significant differences on the energy range. Findings indicate that apartments and maisonettes,
dwellings in Mariahoeve, energy unconscious homeowners and homeowners that do not take into
account the appearance of their dwelling have a significantly lower energy performance than row
dwellings, dwellings in the other neighbourhoods, energy unconscious homeowners and
homeowners that do not take into account the appearance of their dwelling respectively.

Thus homeowners are influenced by the building typology and geographical location of their dwelling
and by their energy consciousness and the role of the appearance in the decision-making process of
energy saving measures.

Since opportunities of historical dwellings and the proactivity of homeowners play a role in the
diffusion of energy saving measures, the proactivity of homeowners is an important aspect of the
motivation for those measures. Homeowners of historical dwellings have on average a proactivity of
30%, meaning that they have on average applied roughly two out of six energy saving measures.
Since others, such as previous homeowners, also could have applied measures, this finding does not
represent nor the current energy performance of historical dwellings nor the potential of measures
that still can be applied. Combining the energy performance of a dwelling with the proactivity will
provide useful information about the energy saving potential of a dwelling and the role of the
homeowner within this process.

The proactivity, independently of the energy performance, helps to identify underlying factors that
unconsciously influence the decision-making process for energy saving measures by indicating
significant differences. Findings indicate that homeowners of apartments, dwellings built between
1965 and 1974 and dwellings with an energy label F have a significantly lower proactivity than
homeowners of row dwellings, dwellings built between 1946 and 1964 and dwellings with an energy
label C or D respectively. Furthermore, homeowners that are between 25 and 34 years old, energy
unconscious, expect energy label A and do not take into account the appearance of their dwelling
have a significantly lower proactivity than homeowners that are older than 55 years old, energy
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unconscious, expect an energy label B or C and do take into account the appearance of their dwelling
respectively. These homeowners do not necessarily have the highest energy saving potential but
applied significantly less energy saving measures than others.

Thus the building typology, construction year and energy label of the dwelling and energy
consciousness, age and expected energy label of the homeowner and the role of the appearance are
meaningful factors of the decision-making process with respect to energy saving measures.

Apart from those underlying factors that influence motivations, people consciously know factors that
influence their motivation. These are defined in this research as conscious reasons and exist of
drivers and barriers.

Irrespectively the kind of energy saving measure, homeowners indicate that cost savings,
environmental saving and the reduction of energy use are major drivers for the application of any
kind of energy saving measure or behaviour.

Concentrating on the six fixed energy saving measures defined by this research, homeowners are
mostly motivated for applying them by necessary maintenance, an increase in comfort and cost
savings. An assumed lack of benefits, a lack of financial resources and the VVE are mostly inhibiting
the application of energy saving measures.

Even though all measures defined by this research improve the energy performance of a dwelling,
leading conscious reasons do differ between measures. This is an addition to the current body of
knowledge that does not distinguish motivations for separate measures.

In general, necessary maintenance is the most often mentioned driver by homeowners. However
when separating energy saving measures, it is only the most often mentioned driver for the
application of a (new) heating system and extra tap water system. Both comfort and cost savings are
the most often mentioned driver for the application of glazing. Comfort is the most often mentioned
driver for the application of insulation and ventilation systems and cost savings is the most often
mentioned driver for the application of sustainable energy options.

Mostly, homeowners assume a lack of benefits and are inhibited in their motivation for the
application of energy saving measures by this barrier. This is the most often mentioned barrier for
the application of glazing, insulation, ventilation systems and extra tap water systems, while other
measures have other barriers. The VVE is the most often mentioned barrier for the application of
heating systems, while this is a lack of financial resources for the application of sustainable energy
options.

Thus accordingly findings of this research, motivations differ between the six fixed energy saving
measures; glazing, insulation, ventilation system, heating system, extra tap water system and
sustainable energy options.

Furthermore, conscious reasons could differ between categories established on the energy
performance of dwellings since the current energy performance of a dwelling determines the
opportunities for the application of energy saving measures.

Irrespectively of the energy performance of the dwelling, homeowners are often motivated to apply
an energy saving measure by necessary maintenance. Also, comfort and cost savings motivates each
category although frequencies do differ. For example, homeowners of a dwelling with a low energy
performance more often mention necessary maintenance than other categories.

Homeowners, irrespectively the energy performance of their dwelling, assume a lack of benefits and
indicate this as the most common barrier for the application of energy saving measures. Additionally,
the VVE is a barrier for all three categories, while other major barriers differ. Homeowners of
dwellings with a low or average energy performance are more often inhibited by a lack of financial
resources, while homeowners of dwellings with a high energy performance are more often inhibited
by the applicability of measures.
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Concluding, conscious reasons are related to the energy performance of a dwelling, which
determines the opportunities and limitations of applying energy saving measures. Although still
necessary maintenance often motivates homeowners and an assumed lack of benefits often
discourage homeowners of applying energy saving measures, other major drivers and barriers are
related to the energy performance of a dwelling.

Likewise, conscious reasons are related to the proactivity of homeowners, which is defined by the
number of applied measures. Both the proactivity of homeowners and the energy performance of
their dwelling are related to the identification of conscious reasons.

As also indicated before, necessary maintenance is a major driver and an assumed lack of benefits a
major barrier irrespectively the proactivity or energy performance. However, their frequency and the
identification of other major drivers and barriers is clearly related to the proactivity and energy
performance.

Average proactive homeowners, who applied one or two energy saving measures, and homeowners
of dwellings with a low energy performance define the VVE as a major barrier, while other
homeowners do not define this as a major barrier. Additionally, a lack of financial resources is an
evident barrier for average and high proactive homeowners of dwellings with a low or average
energy performance, while other homeowners do not indicate this as a major barrier.

Therefore, conscious reasons are related to the proactivity of a homeowner and the energy
performance of their dwelling.

Thus several underlying factors as well as conscious reasons influence the decision-making process
for the application of energy saving measures.

Findings indicate a relation between those underlying factors and conscious reasons since average
proactive homeowners and homeowners with a low energy performance dwelling indicate the VvE
as a major barrier, while these homeowners are also more often living in apartments and
maisonettes than other homeowners. Apartments and maisonettes generally have a VVE so
underlying factors and conscious reasons are related to each other although a thorough exploration
of the relation between underlying factors and conscious reasons will provide further insight into this
relationship.

Apart from the underlying factors and conscious reasons explored by this research, literate
supplements those motivations. Often people are not aware of their motivations and construct and
rationalize reasons afterwards the process. Therefore also literature identifies conscious as well as
unconscious motivations just as this research.

Furthermore, homeowners are not rational beings as the economic view of decision-making claims
since people are inconsistent between multiple completed surveys. Also, generally social and
personal factors, such as reference groups and emotions, influence decision-making, while these
factors are not yet fully explored for decision-making process of energy saving measures. Therefore,
this pilot-study could be extended by a research on national level and identify even more
motivations.

Considering a wider social context, conclusions introduce opportunities for researches addressing a
larger population and give rise to policy improvements.

Sustainable problems facing nowadays is not a leading reason for homeowners to apply energy
saving measures, as is still widely expected. Even though these problems are rising and concerning
activists and policy makers, generally homeowners have other motivations for making their dwellings
more energy efficient. A major leading motivation for homeowners to apply energy saving measures
is necessary maintenance, while they are inhibited by an assumed lack of benefits. Therefore,
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policies would be more effective when addressing those drivers and barriers instead of promoting
environmental saving.

Furthermore, motivations differ between energy saving measures and are related to the proactivity
of homeowners and the energy performance of their dwelling. Nowadays, policies are often
designed for fixed energy saving measures in general without considering motivational differences
between measures or between categories of homeowners. To improve the energy efficiency of
historical dwellings in Dutch cities, effective policies should be customized for each measure and
addressing the drivers and barriers for this measure since these differ between measures. Also,
separating homeowners according to proactivity and energy performance of their dwelling can lead
to more effective policies since motivation differs between homeowners.

This research contributes to the current sustainability issues by exploring motivations of
homeowners, which is useful knowledge by encouraging homeowners to improve the energy
efficiency of their dwelling. Together, motivated homeowners can improve the energy efficiency of
the residential stock in Dutch cities.
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Sustainability is an important issue with the increasing gashouse emissions and resource depletion
nowadays. The current residential building stock plays a pivotal role in creating a more sustainable
world. Increasing the energy efficiency of historical dwellings would decrease unfavourable effects
on the environment. Homeowners of historical dwellings can together significantly reduce
unfavourable effects by applying energy saving measures.

However, not all homeowners are motivated for applying those measures even though it is profitable
for society since they decrease environmental impact. Therefore, environmental problems are often
identified as social dilemmas in which individual interests conflict with common interests.
Government and municipalities provide incentives to stimulate the application of energy saving
measures. Often financial incentives, such as subsidies are used to motivate homeowners, while
findings of this research show that this will only affect some homeowners. Policies are not yet
designed according to motivations of homeowners but according general promotional techniques for
energy saving measures. In order to motivate homeowners, underlying factors, drivers and barriers
are helpful to know so more customized approaches of policies can be developed that focus on a
specific energy saving measures or on categories based on the proactivity of the homeowner and
energy performance of their dwelling.

Effective policies could decrease effects and contribute to significant differences. Insight into
motivations can help design more effective policies that clarify benefits and remove barriers. As
findings indicate, homeowners often indicate that they expect an insufficient effect of benefits.
Policies could clarify those benefits and motivate homeowners for applying energy saving measures.
Therefore, these results are a meaningful contribution to society and can help to design effective
policies that increase the energy efficiency of Dutch cities.

Apart from discovering meaningful motivational differences, opportunities for researches exploring
motivations with a larger sample are developed. Researches such as a follow-up research in the
sequence of WoON researches are beneficial because this could increase the reliability by addressing
a larger sample. Additionally, motivations are yet inadequately explored on a large scale since they
are not separated for energy saving measures or differences of homeowners. Therefore it is valuable
and an opportunity to include an exploration of motivations in prospective researches. Several
recommendations for a large follow-up research will be introduced based on findings and limitations
of this research, which could be classified as a pilot study.

Before the release of a new national research, it is recommended to develop a thorough overview of
motivational factors that influence the decision-making process. In-depth interviews could provide
an overview of the considerations during the decision-making process as well as social influences.
These in-depth interviews could also reveal the impact of every motivational factor in the process. All
motivational factors should be included in the new national research as pre-coded answers so that
the differences between open- and pre-coded answers are removed. Namely, pre-coded answers
could be preferred over open coded answers because open coded answers let people invent their
own answer instead of just ticking a pre-defined answer, which might be easier. This research has
used both pre- and open-coded answers since homeowners had the opportunity to provide answers
other than listed. It is assumed that those open codes (the VVE, applicability, sufficiency of current
situation, was already applied and payback efficiency) would be more often mentioned if these were
pre-coded instead of open-coded. This might have changed the identification of major drivers and
barriers and thus findings of this research are influenced by this limitation. Also, all pre-codes should
have strict boundaries without overlapping each other, which is a limitation of this research since
some codes do overlap each other. The same motivations could be divided over different codes if
codes do not have strict boundaries, which influence findings. For example, the barriers VVvE and
applicability could overlap each other by both referring to the same reason just as a lack of benefits
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and lack of financial resources could overlap each other. Thus it is important for follow-up research
to explore all motivational factors and include those in the research instrument as pre-coded
answers with clear boundaries.

Furthermore, it is recommended to exclude answers about barriers where the best option of an
energy saving measure is already applied so that results indicate barriers for further improvement. A
limitation of this research is that findings do not exclude respondents that have applied the best
possible measure and mention a barrier for improvement. Homeowners of dwellings with a high
energy performance more often mention a lack of benefits and the applicability as barriers, which
might be explained by the lack of opportunities to improve. Since improvements are not possible in
those cases, it is recommended to exclude the barriers mentioned by those respondents.

Also, the limitations of the energy range, described in section 4.4, decreased the validity of this
research since the position on the energy range might be slightly higher or lower. It is recommended
to verify the original energy label and to use the official calculation tool of the definite energy label
for the calculation of the current energy performance. Additionally, an intermediary stage on the
energy range would provide a more realistic position of dwellings on the energy range.

Motivations for energy saving measures other than the ones defined by this research could be
explored as an addition to findings of this research by using the same methodology as this research
uses.

So these recommendations should be considered before launching a national research about
motivations of homeowners of historical dwellings that is beneficial for improving the energy
efficiency of Dutch cities.

The reliability of findings of this research as well as national follow-up researches can be improved by
a triangulation of research methods and a longitudinal research. The selected research instrument,
an online questionnaire, could have influenced characteristics of the sample. For example, people
unfamiliar with the Internet or without DigiD could be less likely to complete the survey of this
research than people that are familiar with the Internet, which could have influenced findings.
Furthermore, the distribution of respondents over age categories, neighbourhoods, spatial areas in
the neighbourhood and building typology could have influenced results. Therefore, it is
recommended to confirm findings of this research with interviews or observations of the decision-
making process.

The reliability can also be improved by a longitudinal research of respondents. Inconsistencies are
found between multiple completed surveys of the same person, which indicate that reasons for the
same action (applying a certain energy saving measure) differ over time.

Also, this research assumes that variables that significantly differ on the energy or proactivity range
are underlying factors that influence the decision-making process. Triangulation of research methods
could verify this assumption.

Apart from improving the reliability of findings, findings introduce several essential new research
fields.

Conscious reasons are related to the proactivity of homeowners and the energy performance of their
dwellings as findings of this research clearly indicate. However, explanations of those differences and
differences on the energy and proactivity range are lacking although a few hypotheses can be
proposed.

Findings show that homeowners that do take into account the appearance of their dwelling have a
significantly higher proactivity and live in dwellings with a significantly higher energy performance
than homeowners who do not take this into account. An exploration about specific aspects of the
appearance that played a role revealed that homeowners generally applied a measure to remove an
according to them unsightly part of the appearance, such as a steal window frame. This could explain
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the reason for a higher energy performance and proactivity of homeowners that do take into
account the appearance of their dwelling. Therefore it is hypothesized that the proactivity and
energy performance can be influenced by the perception of unsightly parts in the appearance of a
dwelling.

Furthermore, it is hypothesized that difference in conscious reasons between measures can partly be
explained by the characteristics of measures. Heating systems more often have necessary
maintenance as a driver and the VVvE as a barrier, while a lack of benefits is less often mentioned
compared to other energy saving measures. This might be caused by the commonly use of heating
systems in Dutch dwellings and that heating systems can be collectively shared.

Reasoning is related to the proactivity of homeowners and the energy performance of their dwelling.
Homeowners of dwellings with a high energy performance more often mention the applicability as
barrier, which might be caused by their current high energy performance.

Apart from explanations of differences, a deeper understanding of conscious reasons is lacking.
Homeowners of dwellings with a low or high energy performance often assume a lack of benefits. A
hypothesis could be that homeowners of dwellings with a high energy performance mention this
reason because their dwelling has a considerable high energy performance, while homeowners of
dwellings with a low energy performance often mention this because they are not aware of benefits
of energy saving measures.

Even though some hypotheses can be introduced, clear explanations for those differences are not
explored yet. Therefore it is recommended to do an in-depth analysis of decision-making processes
of respondents. An exploration of this process could give insight into explanations of reasoning. It
could provide an answer on the research question ‘What are the considerations in the decision-
making process of homeowners for the application of energy saving measures?’. For example, in-
depth interviews could reveal the underlying thinking process of these reasons and explore every
step and consideration within the decision-making process.

Conscious reasons are related to underlying factors because the position of apartments and
maisonettes within the categories is related to the number of respondents that mention the VVE as
barrier. Thus underlying factors and conscious reasons are related. However, it is not clear which of
the two factors is influencing the other or whether it is a reciprocal process. For example, a low
energy label might increase the motivation for the application of energy saving measures. The other
way around, motivations might influence the current energy label by applying energy saving
measures.

Additionally, it is not clear which underlying factors are related to which conscious reasons. This
relation could provide opportunities for segmenting homeowners and customization of approaches.
For example, dwellings in Mariahoeve are most often categorized as dwellings with a low energy
performance. This category has the VVE as major barrier irrespectively the proactivity of a
homeowner and thus policies in Mariahoeve could focus on the VVE but it will not affect all
homeowners of Mariahoeve.

Follow-up research, such as in-depth interviews as described before could create a deeper insight
into the affects of underlying factors on the decision-making process in order to design more
effective customized policies that influence the decision-making process of homeowners for the
application of energy saving measures.

Apart from the individual homeowner, institutions such as the VVE play a role in the application of
energy saving measures as homeowners indicate. Policies and beauty commissions of municipalities
and national government might also play a role in decision-making processes. Therefore, it is
recommended to do a follow-up research into the levels of control and their influence on the
application of energy saving measures. A policy analysis could be used in order to gain a deeper
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understanding of authority levels and their impact, while a survey could explore the motivations of
authority levels, such as the VVE and their influence on homeowners. A potential research question
could be ‘How are different levels of authority influencing the decision-making process of
homeowners of historical dwellings regarding energy saving measures?’.

Designated post-war neighbourhoods were selected as case studies for this research. Even though
the preservation of cultural and historical value was a pre-coded answer, homeowners did not
identify it as a major barrier for the application of energy saving measures. This might be caused by a
lack of understanding the meaning of historical and cultural value.

However, it is still not clear which role the cultural significance of those post-war neighbourhood
have in the decision-making process. Cultural significant building elements could be explored by a
cultural significant assessment and interviews could explore the influence of this factor in the
decision-making process for applying energy saving measures. A research question as ‘What role
does the cultural and historical value of post-war dwellings have in the decision-making process of
homeowners of these dwellings?’ could clarify the correlation between applying energy saving
measures and the cultural significance of historical dwellings.

As discussed before, findings about motivations are useful for policy makers. Nowadays, policies are
designed without a sufficient understanding of motivational factors of homeowners and often
approach energy saving measures in general. Findings of this research generate several
recommendations for policy makers.

Often financial incentives, such as subsidies are used to stimulate the application of energy saving
measures. However, findings indicate that a lack of financial resources is a major barrier for average
or high proactive respondents of dwellings with a low or average energy performance, while other
homeowners do not identify this as a major barrier. Additionally, it is not a major barrier for the
application of an extra tap water system or insulation. Therefore, financial incentives are not
affecting all kind of homeowners nor all kind of energy saving measures and it is recommended to
customize policies on motivations.

Homeowners, irrespectively the energy performance of their dwelling or the proactivity, are most
often inhibited by a lack of benefits. Energy saving measures are beneficial for sustainability as well
as for cost savings and comfort as homeowners that applied measures did clearly indicate. To
mitigate a misconception that energy saving measures are not beneficial, the benefits mentioned by
respondents that applied a certain energy saving measure could be better promoted and clarified.
This could make energy saving measures known and loved by homeowners. Policies that clearly
communicate benefits, such as exemplary projects could help overcome the lack of benefits barrier.
Since other major barriers differ between energy saving measures, it is recommended to specify
policies on separate measures or groups of measures with corresponding motivations. Mostly an
assumed lack of benefits is identified as the most often mentioned barrier except for heating systems
and sustainable energy options. The VVE is the most often mentioned barrier for the application of
heating systems. Policies for increasing the application of more energy efficient heating systems
could focus on the VVE instead of the individual. Policies regarding sustainable energy options could
provide financial incentives, such as subsidies or tax incentives since a lack of financial resources is a
major barrier.

Also, categorizing homeowners according to proactivity and the energy performance of their
dwelling is beneficial for policies since other major barriers differ between the proactivity of
homeowners and the energy performance of their dwelling. Policies can be customized for those
categories and a more effective customized approach could be developed. Big data files, such as a
national file with energy labels, could help addressing those categories.
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Average proactive homeowners and homeowners of dwellings with a low energy performance more
often mention the VVE as barrier than other homeowners. Clarifying motivations and developing a
detailed exemplary approach for VvE’s could help to motivate VvE’s. Also informing average
proactive homeowners and homeowners of dwellings with a low energy performance about
opportunities to collectively improve the energy efficiency could stimulate those homeowners.
Another major barrier is the applicability of energy saving measures because homeowners indicate
that some measures are not applicable in their dwelling. Homeowners of a dwelling with a high
energy performance indicate this as a major barrier. Exemplary projects could expose opportunities
to homeowners and take away the barrier of applicability. Establishing exemplary projects of
dwellings with a maximum energy performance that expose the opportunities to homeowners could
overcome the applicability barrier.

Based on findings of this research, policies can be more effective by considering motivations of
homeowners in the development process of policies. The assumed lack of benefits could be
overcome by clearly identifying benefits of energy saving measures that are defined by homeowners.
Furthermore, categorizing homeowners according their proactivity and the energy performance of
their dwelling could lead to more effective and customized policies that overcome barriers and
promote opportunities and benefits for the application of energy saving measures.
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SUMMARY

Sustainability is an important issue with the increasing gashouse emissions and resource depletion nowadays.
The current residential building stock plays a pivotal role in creating a more sustainable world. Increasing the
energy efficiency of historical dwellings, which are defined as dwellings built in or before 1974, would decrease
unfavourable effects on the environment. Homeowners of historical dwellings can together significantly
increase energy efficiency by applying energy saving measures, but the application of these is still lacking
behind compared to expectations. Motivations of homeowners for applying energy saving measures are
essential in understanding behaviour and increasing the application of energy saving measures. Namely,
motivation is a forerunner to action, the reason why people act and make certain decisions. Since literature
does not distinguish motivations for different energy saving measures or for different kind of homeowners, this
research aimed to explore the motivations of homeowners with these distinctions. Additionally, it aimed to
explore recommendations for a national prospective research, such as WoON and to develop several policy
recommendations since policies do not yet consider motivations and thus might be ineffective.

This research has used a quantitative approach with descriptive and inferential statistical methods. The
motivations of homeowners were explored by means of an online questionnaire that addressed homeowners
of historical dwellings in Slotermeer, Slotervaart (Amsterdam), Mariahoeve (Den Haag) and Ommoord
(Rotterdam). Six energy saving measures were defined for this research based on the definite energy label;
glazing, insulation, ventilation system, heating system, extra tap water system and sustainable energy options.
Motivations were separated in underlying factors that unconsciously influence the decision-making process of
homeowners and conscious reasons that were consciously mentioned by homeowners. Based on significant
differences on the energy performance and proactivity of homeowners (number of applied measures),
underlying factors were explored. Conscious reasons were explored for energy saving measures in general, per
energy saving measure, for three categories of homeowners based on the energy performance of their
dwelling and nine categories based on the proactivity of the homeowner and the energy performance of their
dwelling. Together, underlying factors and conscious reasons form the motivation of homeowners of historical
dwellings for the application of energy saving measures.

Underlying factors identified in this research are building typology, building sub-typology, construction year,
neighbourhood and energy label of the dwelling and age, energy consciousness, the role of appearance in the
decision-making process and expected energy label of homeowners. Apart from underlying factors, also several
conscious reasons were explored in this research, which are defined as drivers and barriers. In general,
homeowners are motivated for the application of energy saving measures by necessary maintenance and
inhibited by an assumed lack of benefits. However, major drivers and barriers do differ between energy saving
measures since necessary maintenance is only the most often mentioned driver for the application of heating
systems and extra tap water systems. Major drivers for other energy saving measures are comfort and cost
savings, while environmental saving is not a major driver for any of the energy saving measures. Additionally,
the VVE and a lack of financial resources are also major barriers besides an assumed lack of benefits.
Furthermore, conscious reasons are related to the proactivity of a homeowner and the energy performance of
their dwelling since major drivers and barriers differ. Homeowners of a dwelling with a low energy
performance and average proactive homeowners more often mention the VVE as barrier and homeowners of a
dwelling with a high energy performance more often mention the applicability as barrier.

These results provided opportunities for a larger national research, such as a follow-up research in the
sequence of WoON, with an improved methodology based on limitations of this research. Additionally, it
explicated several new research fields such as an exploration of the effect of authority levels, such as the VvE
on the decision-making process of homeowners or the correlation between cultural value and the application
of energy saving measures. Based on findings of this research, policies can be more effective by considering
homeowners’ motivation in the development process of policies instead of just providing financial incentives or
promoting environmental saving since this will nor be effective for all energy saving measures nor for all kind of
homeowners. The assumed lack of benefits, which is a major barrier, could be overcome by clearly identifying
benefits of energy saving measures that are defined by homeowners. Furthermore, categorizing homeowners
according to their proactivity and the energy performance of their dwelling could lead to more effective and
customized policies that overcome barriers and promote opportunities and benefits for the application of
energy saving measures. More effective policies could motivate homeowners that together can increase the
energy efficiency of Dutch cities and decrease unfavourable effects on the environment.
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