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ABSTRACT

ARTICLE HISTORY

Over half of all residential buildings in the Netherlands are owner-occupied. In this study, the
inﬂuence of behavioural factors on individual decisions toward energy eﬃciency renovations
(EERs) was investigated. This study focused on contextual (e.g. building characteristics), personal
(e.g. awareness of energy consumption), and motivational factors (e.g. improving comfort).
Logistic regression analyses were selected as the preferred method of analysis. The
Netherlands’s housing survey energy modules, which was conducted in 2018, was the basis of
these analyses. 2878 homeowners were surveyed. Behavioural factors that inﬂuence the
homeowners’ decisions were investigated for four types of EERs: (1) double glazing, (2)
insulation, (3) photovoltaic (PV) panel, and (4) sustainable heating. It was found that
homeowners’ preferences for double glazing were mainly inﬂuenced by the characteristics of
the building and household and motivation to adopt EERs. Similarly, insulation and PV panels
were to be mainly inﬂuenced by building characteristics. For sustainable heating, a combination
of building and household characteristics and personal factors (e.g. deliberate gas reduction)
inﬂuenced the decisions regarding this EER. None of the personal factors had a signiﬁcant
impact on the decisions regarding installation of double glazing; in contrast, the installation of
PV panels was found to be highly inﬂuenced by these factors.
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Introduction
In the Paris Climate Agreement (2015), nearly 200
countries agreed to reduce global warming to within
2°C of pre-industrial levels. Buildings contribute about
25% of direct and indirect global greenhouse gas
(GHG) emissions. Building sector can substantially
mitigate GHG emissions through large-scale energyeﬃcient renovations and using renewable energy
sources (IEA, 2017; Sandberg et al., 2021). The Netherlands is set to reduce GHG emissions by 49% by 2030
and by 95% by 2050 relative to the 1990 baseline (Government of the Netherlands, 2019a). Furthermore, other
targets such as producing 67% of total electricity from
renewable sources by 2030, and fully climate-neutral
electricity by 2050 are mentioned in this agreement.
Recent studies have cast doubt on whether these targets
will be achieved based on the current trends of GHG
emissions (Brouwer, 2019; Netherlands Environmental
Agency (PBL), 2019). To achieve these targets, the
amount of GHG emissions that needs to be eliminated
in the next 10 years is twice as much as has been
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eliminated in the last 30 years. These uncertainties are
obvious for targets that speciﬁcally focus on the residential sector, such as making existing houses gas-free by
2050. The plan is to reach this target by making 30–50
thousand houses gas-free per year at the beginning,
and to gradually increase this number to 200 thousand
per year. However, such a fundamental change demands
signiﬁcant modiﬁcations at the infrastructural level,
which are quite diﬃcult to realize. Adapting energy
eﬃciency renovations (EERs), such as highly insulated
buildings, appears to be a more realistic measure for
moving towards these targets (Government of the Netherlands, 2019b). The Dutch government is attempting to
reach the target by providing subsidies and loans for
diﬀerent types of renovations while actively informing
households about ways to save energy, relevant
implementation approaches, and the availability of
ﬁnancial incentives (The Netherlands Enterprise
Agency, 2019a, 2019b).
In the Netherlands, quite a limited number of new
dwellings have been built since 2012. The total housing
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stock consists of 1% of houses newly added within the
year (Netherlands Statistics, 2020). Accordingly, the
renovation of existing dwellings seems to be the most
viable solution for realizing the energy eﬃciency targets
(Ritzen et al., 2016). Recent studies on this topic suggest
that cost savings and increasing comfort are the main
reasons for starting EERs, while households tend to
pay less attention to the energy eﬃciency aspects of
renovation. Therefore, EERs should be promoted
together with other maintenance/renovations (Organ
et al., 2013; Wilson et al., 2015, 2018). In addition to
motivations, the rates for diﬀerent EERs are determined
by diﬀerent contextual factors that inﬂuence, such as
building and household characteristics, and personal
factors, such as attitudes and perceptions about energy
consumption. More importantly, recent research has
identiﬁed cognitive biases of the category of personal
factors as an important barrier to EERs (De Vries
et al., 2019; Klöckner & Nayum, 2017; Streimikiene
et al., 2020; Wilson et al., 2018). However, empirical
research into the exact nature of the cognitive biases
and the eﬀectiveness of interventions to de-bias are
lacking.
The determined behaviour-inﬂuencing factors were
diﬀerent for diﬀerent sub-sectors (De Vries et al.,
2019; Ebrahimigharehbaghi et al., 2020; Jansma et al.,
2020). For instance, homeowners are most likely to perceive diﬃculty with ﬁnalizing decisions, purchasing
energy eﬃciency measures, and ﬁnding subsidies. On
the other hand, tenants are most likely to perceive
diﬃculty with the installation process (De Vries et al.,
2019). Despite the recent attention, our understanding
of the impact of behaviour-inﬂuencing factors on
EERs is limited. Oversimplifying occupant behaviour
and neglecting behaviour-inﬂuencing factors in designing energy policies may lead to inadequate results (Hu
et al., 2020). Yet, this information is vital for policymakers in designing and implementing policies that
are eﬀective in reducing the energy consumption of
housing stock. As most houses in the Netherlands
belong to the owner-occupied sector, further studies
are essential to identify the behaviour-inﬂuencing factors and their impacts on EERs in this sub-sector. In
the building sector in the Netherlands, energy transition
policies are designed to allow converting entirely to
renewable energy resources. These policies include: (1)
near-zero energy indicators for new buildings; (2)
large-scale energy renovations for a lower Energy Performance Certiﬁcate (EPC)-Levels (D and F); (3) subsidies for heat from renewable sources, more use of solar
photovoltaic (PV); (4) raising awareness about renewable energy resources, and (5) switching to electricity
for energy (van Leeuwen et al., 2017).

This study aims to evaluate the main behavioural factors that inﬂuence diﬀerent types of EERs, and to examine whether current EER policies can be improved by
considering the impacts of these behaviour-inﬂuencing
factors. More speciﬁcally, the personal, contextual, and
motivational factors that inﬂuence the decision-making
process of EERs are studied in the Dutch owner-occupied residential sector. To date, most existing studies
have limited their focus on a single technology, based
on the literature review done in (Camarasa et al.,
2019). In this study, four types of EERs are investigated,
namely (1) double-glazed windows; (2) insulated roofs,
walls, and ﬂoors; (3) solar PV panels; and (4) sustainable
heating systems. These types of EERs comprise the highest percentages of total EERs that used the Netherlands
housing survey energy module 2018. In addition to this,
based on the literature review, the impacts of reducing
energy consumption and improving comfort, and the
environmental beneﬁts were the most compared with
other EERs (Al-Homoud, 2005; Salata et al., 2017; Tsagarakis et al., 2012; Vieira et al., 2017). Figure 1 shows
the distribution of energy-eﬃcient measures conducted
by Dutch homeowners in 2018. Among these measures,
double glazing has the highest percentages (20.2%), and
sustainable heating is the second, with 15.2% of houses.
Appendix A explains the advantages of installing energy
eﬃciency measures for residents and dwellings.
The developed theoretical framework is validated
using logistic regression analyses and empirical data
from the Netherlands housing survey energy module
2018 for renovators and potential renovators. The
energy module 2018 was conducted on a representative
sample of Dutch housing stock. This dataset contains
valuable information on household and building
characteristics. In addition to these variables, the energy
and investment behaviour of households, such as the
perception of energy consumption compared with
other households, are also provided. Moreover, the
information regarding whether the household

Figure 1. The percentages of renovators that have used diﬀerent energy-saving measures (37% of households use no-energysaving measure).
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performed any EERs in the past ﬁve years and whether
the household is planning to implement an EER in the
next two years is stored in this dataset. The main contributions of this research are as follow: (a) Empirical
investigation of the cognitive biases and the impacts of
the other personal factors, such as the perception of
households on energy consumption compared with
others, using logistic regression. (b) Identifying which
behaviour-inﬂuencing factors inﬂuence the homeowners’ renovation decisions for double glazing, insulation, PV panels, and sustainable heating using logistic
regression analyses.

Literature review on policy interventions and
behaviour-inﬂuencing factors
Policy interventions for the owner-occupied
sector
Steg and Vlek (2009) categorized policy interventions
that inﬂuence human behaviour into structural and
informational interventions. Structural interventions
modify the conditions in which households make
decisions, such as ﬁnancial incentives (e.g. subsidies,
tax) and provide access to energy-eﬃcient technologies.
Informational interventions inﬂuence people’s motivations, such as providing information with respect to
energy eﬃciency technologies and social norms on
energy savings, as well as feedback on these topics

3

(Abrahamse & Schuitema, 2020; Sanguinetti et al.,
2018). Information provision is most commonly used
to motivate households to reduce their energy consumption. This category of interventions can be
classiﬁed into antecedent and consequent interventions.
The latter, e.g. labelling, mainly inﬂuences the determinants of behaviour, e.g. knowledge and motivation. The
former aims to provide the information after the behaviour has been carried out, e.g. feedback provision (Hu
et al., 2020).
There are many examples of structural interventions
in the approach taken by the Dutch government. Currently, 95% of houses use natural gas for heating, hot
water, and cooking in the Netherlands. Despite this considerable share, the Dutch government has assigned
speciﬁc budgets to eliminate natural gas as a source of
energy by 2050.
Consequently, €435 million has been allocated to
natural gas-free neighbourhoods1 between 2018 and
2028 (Government of the Netherlands, 2019b).
Table 1 shows the Dutch policy interventions in motivating homeowners to make EERs (Joint Research
Centre, 2019; Duurzaam Bouwloket, 2019; Netherlands
Enterprise Agency (RVO), 2019; The Netherlands
Enterprise Agency, 2019a, 2019b; Milieu Centraal Information Organization, 2019; Independent Association of
Homeowner Associations, 2019). Among these
measures, insulation and PV panels are the focus of
attention by local authorities. For ISDE subsidies, the

Table 1. Main policy interventions in the Netherlands.
Policies at national level

Energy eﬃciency types

Subsidies

Loans

Save energy now
In Dutch: ‘Energie besparen doe je
nu’ 2017–2020

Subsidies/loans:
- Insulation of roof, facade, cavity wall, ﬂoor, and
windows (at least 2 measures);
- Solar water heaters;
- Heat pumps;
- Ventilation with heat recovery;
- PV panels

Max €65,000 per entity
Interest rate:
- households: 1.7%
- homeowners
associations: 1.9%

Energy-saving owner-occupied
sector
In Dutch: ‘Subsidie
energiebesparing eigen huis
(SEEH)’ 2019–2020

Subsidies
- Main: at least two insulation measures
- Complementary energy-saving measures (door
insulation, etc.
- Highly energy eﬃciency packages (roof, facade,
etc.)
Subsidies
- Heat pump
- Solar water heater

-Insulation: 20% of costs
- Heat pump: depends on type and
households’ budgets €1300–3400
- Solar water heater: depends on the
size, e.g. 1100 euros for a solar boiler
for 4 people
- PV panels: reclaim VAT. e.g. 10 PV
panels = €4400 reclaim money = 750
euros
Since 19 August 2019 and will be
available after 2020
- €84 million
- Normal: max of €10,000
- HEEP: max of €15,000

Sustainable energy investment
grant 2020
In Dutch: ‘Subsidie voor duurzame
energie (ISDE)’
Insulation of homes 2020 9% VAT
scheme
Energy-saving loan new-built
without gas
In Dutch: ‘Energie- bespaarlening
nieuwbouw aardgasloos 2020’

Insulation materials: glass wool, rock wool,
styrofoam, glass (insulation), polyurethane
No gas connection in the newly built house e.g. of
measures: connection to district heating from
industry, etc.
- Diﬀerent types of insulation
- Solar heat water
- PV panels

−

-Heat pump: €500 and €2500
- SWH: €500
Total budget: €100 million

−

-Buildings older than 2 years: tax
exemption of 9% VAT labour costs
instead of 21%
−

−
€2500–65,000
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amount requested by the entities (homeowners and
companies) were approximately twice as much as the
planned budget in 2019.
Subsidies, loans, and taxes are examples of supplyside policies in the market. Other countries provide
similar support, such as low interest rates, third-party
ﬁnancing, payment on energy bills, energy eﬃciency
mortgages, and crowdfunding (Bergman & Foxon,
2020; Bertoldi et al., 2020; Kerr & Winskel, 2020; Wilson
et al., 2015). Flanders, France, Italy, the United Kingdom, and Poland oﬀer energy eﬃciency obligation programs, in which energy suppliers must provide evidence
of contributing energy savings by promoting energy
eﬃciency activities or ﬁnancial support for residents
(Bertoldi et al., 2020; Kerr & Winskel, 2020). The
Green Deal in the United Kingdom was an example of
ﬁnancing by a third party and paying back on energy
bills. However, this program was not successful in
upscaling EERs (with the goal of one million houses).
The reasons were that there was no guarantee of energy
savings, the process was complex and bureaucratic, the
interest rates were above the mortgage rates, and ﬁnancial savings were the only objective, rather than households’ comfort and well-being (Bergman & Foxon,
2020).
Complementary to these policies, the national
environment centre (In Dutch: Milieu Centraal) inﬂuences householders’ motivations through informational
interventions. This centre provides information on all
the possibilities for an energy-eﬃcient and sustainable
house, the availability of subsidies and loans, the steps
to becoming natural gas-free, and ﬁnding a professional/company, etc. Accessing information does
not solely result in a change in behaviour because people
often make choices based on mental shortcuts and
habits (Lehner et al., 2016).
To enhance the eﬀectiveness of information provision, the role of social norms has been investigated
by several researchers. For instance, from ﬁve groups
of households having diﬀerent information interventions, namely (1) save money by conserving energy;
(2) protecting the environment by conserving energy;
(3) conserving energy for future generations; (4) joining
neighbours in conserving energy; and (5) saving energy
by using fans instead of air conditioning, group (4)
achieved the highest electricity savings. The reason for
that is the inclusion of social norms in information provision (Taranu & Verbeeck, 2016).
Informational feedback on energy consumption is
considered a low-cost strategy for saving energy. This
type of intervention has gained increasing attention
due to the advancement of information technologies
and energy infrastructures. The eﬀectiveness of this

behavioural change has been examined in many
countries within and outside Europe (Aydin et al.,
2018; Faruqui et al., 2010; Gans et al., 2013; Lee et al.,
2020; Lynham et al., 2016; Matsukawa, 2004; Shen
et al., 2020). According to previous studies, the provision of information through in-home displays
(IHDs), WeChat, and smart meters diminished electricity consumption by approximately 20%, 16%, and
11–17% compared with houses without this information in the Netherlands, China, and Northern Ireland, respectively (Aydin et al., 2018; Gans et al., 2013;
Shen et al., 2020).
Behavioural factors that inﬂuence homeowner
renovation decisions
Behaviour depends on individuals and their environment. The factors that inﬂuence human behaviour can
have multiple origins and can be categorized as: motivations (e.g. thermal comfort); barriers (e.g. information); contextual factors; personal factors. Wilson
et al. (2015) reviewed behavioural studies on energy
eﬃciency to identify the factors that inﬂuenced on
homeowner renovation decisions. An example of personal factors is the way individuals evaluate information. Individuals usually evaluate information based
on their own perceptions to make decisions (Gigerenzer
& Selten, 2002). For instance, the energy-eﬃcient
measures with the greatest perceived advantages were
selected (Nair et al., 2010a, 2010b). Factors such as
awareness of energy consumption and the perception
of households of electricity/gas consumption can inﬂuence energy eﬃciency decisions in this way. The combined outcomes of personal and contextual factors
create the behaviour (Stren, 2000). The main categories
of personal, contextual, and motivational factors are
presented in Figure 2.
Steemers and Yun (2009) investigated the direct and
indirect eﬀects of diﬀerent factors on household energy
consumption for the residential sector of the United
States. The main conclusions were: (1) physical characteristics, e.g. climate and heating system type, are
important factors for heating; (2) income has an indirect
eﬀect on energy usage for space heating and cooling; (3)
the number of heated/cooled rooms, and the frequency
of air-conditioning use are the main variables that inﬂuence energy consumption for space heating and cooling.
Brounen et al. (2013) examined the impact of household
and socio-demographic characteristics, awareness, and
literacy. The authors measured the energy awareness
by deﬁning the question of ‘How much do you pay for
their monthly gas/electricity consumption?’. Their conclusions included: (1) age is identiﬁed as the main

BUILDING RESEARCH & INFORMATION

5

Figure 2. Behaviour-inﬂuencing factors on homeowners’ EER decision-making process.

demographic factor that inﬂuences energy consumption. Older households with higher income choose
higher comfort levels by changing the thermostat settings; (2) No signiﬁcant relation is identiﬁed between
consumer behaviour and energy literacy/awareness.
The current study used a similar question to measure
energy awareness. In a study focused on the Chinese
residential sector, the probability of retroﬁtting of dwellings was higher for households who were older (Yang
et al., 2017). In another study, Schley and DeKay
(2015) investigated the cognitive accessibility of 730
households in 4 similar case studies in the United States.
All four studies provided evidence of cognitive accessibility for people’s inaccurate estimates of energy consumption. Regarding EERs, few studies have been
conducted on evaluating the impacts of contextual
and personal factors. The impact on energy eﬃciency
measures of building and household characteristics,
and satisfaction with the existing building envelope
were investigated by Nair et al. (2010b).
Huebner et al. (2015) examined the impact of diﬀerent factors, including building characteristics, sociodemographics, attitudes and, self-reported behaviours
on energy consumption in the residential sector in the
United Kingdom. They concluded that building

characteristics explained the major share of variance
in energy consumption. Socio-demographics and attitudes had a lower impact on energy consumption. Vassileva et al. (2012) concluded that household
characteristics, type and usage of electrical appliances,
and attitudes towards electricity consumption had signiﬁcant impacts on electricity consumption. In another
study by Huebner et al. (2016), appliance types and
sizes, and household size were the most signiﬁcant variables in electricity consumption. The impact of building
and household characteristics was evaluated for the residential sector in the Netherlands and Denmark (Van
den Brom et al., 2019). Household and building characteristics each explained approximately 50% of the variance in heating consumption. In the category of
property characteristics, the beneﬁts of using diﬀerent
EERs (e.g. insulation, double glazing, PV panels) and
the challenges in implementing these technologies
were also identiﬁed as important factors. For example,
double glazing, insulation, and smart heating systems
can improve the indoor climate and building comfort
(Jensen et al., 2018). Risholt and Berker (2013) studied
the owner-occupied sector in Norway. They found a
higher probability of EER among energy-conscious
households and/or ones with relevant professions and
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knowledge. In Germany, collaboration and the transfer
of knowledge by households were found to be an eﬀective approach for motivating them in conducting EERs
(Stieß & Dunkelberg, 2013). Pothitou et al. (2016) found
signiﬁcant and positive relations between environmental values and knowledge on energy-saving behaviours, attitudes, and habits in a survey of 249
households in England.
Regarding policy incentives in the category of contextual factors, marketing campaigns and subsidies
were found to be inﬂuential for Nordic countries.
Also, the trustworthiness of one-stop-shops was identiﬁed as the main limitation in some cases (Mahapatra
& Gustavsson, 2009; Mahapatra et al., 2013). The impact
of feedback, i.e. display (an energy monitoring device),
on energy consumption was studied for the Swedish private rental sector by (Nilsson et al., 2014). They found
no signiﬁcant impact of displays on energy consumption, the reasons being for this being the diﬃculty in
understanding how to work with displays and the resistance to changing behaviour. The motives in using displays were also identiﬁed, such as curiosity and
interest, cost savings, and environmental concerns.
Understanding cognitive biases involved in home
renovation decisions and designing interventions to
overcome them (i.e. de-biasing tools) can help
increase the home renovation rate. De Vries et al.
(2019) introduced perceived hassle factors as an
important barrier in conducting EERs. People generally postpone taking these energy eﬃciency measures
to avoid the stress anticipated due to the accumulation
of hassles during the awareness, consideration, and
decision stages. Wilson et al. (2018) investigated the
importance of attitudes and social norms to renovation and EERs. These inﬂuencing factors were identiﬁed as signiﬁcant for diﬀerent stages of thinking
about renovating; planning renovations; and ﬁnalizing
renovations. Klöckner and Nayum (2017) examined
the determinants of EERs for private owners in Norway by exploring the relationship between attitudes
and energy eﬃciency investment decisions. The
authors determined the importance of feelings of
moral obligation to act, attitudes, and self-eﬃcacy as
determinants of the intention to consider EERs. It is
important to understand the households’ perceptions
in energy consumption relative to other households.
This can indicate whether they take action to improve
the energy performance of their dwelling (Benoît et al.,
2009; Larrick et al., 2007). Our study includes these
types of factors in the regression analyses to evaluate
the eﬀects on renovation decisions.
Motivational factors shape the intention to behave,
and ﬁnally, the actual behaviour (Ajzen, 1991;

Hardeman et al., 2002; Hargreaves, 2011). Households’ motivations need to be identiﬁed to upscale
EERs in the owner-occupied sector (Nair et al.,
2010a; Organ et al., 2013; Wilson et al., 2015). Cost
savings on energy bills, increased comfort, and carbon
footprints are examples of the identiﬁed motivational
factors for EERs. Various categorizations of motivational factors are provided in the literature: economic,
social, and environmental motivations were studied by
Organ et al. (2013); commonly identiﬁed motivations
(e.g. thermal comfort) and occasionally identiﬁed
motivations (e.g. property value) were examined by
Wilson et al. (2015); economical motivations (e.g. paybacks) and non-economical motivations (e.g. increasing thermal comfort) were studied by Friege and
Chappin (2014). In a European research project, the
motivational factors related to EERs in the building
sector were investigated for Cyprus, Denmark, and
Sweden. In terms of economic motivation, Danish
households were motivated mainly by paybacks,
whereas Swedish and Cypriots households were
motivated by cost savings. Baumhof et al. (2018)
examined the factors that inﬂuenced German owneroccupiers of single and multifamily houses. In a case
study from Tanzania, the initial decisions for adopting
solar PV energy were inﬂuenced by the motivational
factors of technology, cost, warranty, and service for
low-income and young households (Simpson et al.,
2021). Additional motivational factors were the
appearance of houses, lower dependency on fossil
fuels, and the improved usability of existing space.
In addition to the motivational factors, personal
factors such as the attitudes, values, and beliefs of
households were identiﬁed as inﬂuencing household
motivations, e.g. as environmentally friendly or not.
Social norms and social inﬂuence could be considered
as both internal, i.e. the household perception of social
norms, and external factors, i.e. acceptability by
society, inﬂuence on household motivations. Haque
et al. (2021) investigated the role of socio-cultural attitudes and practices in the acceptance of energy technologies by low-income households in Mumbai and
Cape Town. For instance, households’ attitude for
accepting solar energy was to make apparent their
energy lifestyles to their communities. In a case
study of Canada, the household characteristics and
motivational factors of renovators were investigated.
The energy cost savings, ﬁnancial incentives, and
costs of EERs were identiﬁed as signiﬁcant factors
using econometric analysis and given several building
and household characteristics (Gamtessa, 2013). Table
2 presents the main inﬂuencing factors that will be
evaluated in this study.
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Table 2. Personal, contextual, and motivational factors that are going to be tested in this study.
Contextual factors
-

Building types
Construction periods
Energy labels
Age groups
Income
Education
Household composition
Number of people
Agent performing the EERs
Types of maintenance associated with EERs
Noticeable event, e.g. moving home Contextual
factors extracted from: Brounen et al. (2013), Nair
et al. (2010b), Huebner et al. (2015), Van den Brom
et al. (2019), Vassileva et al. (2012), Wilson et al.
(2015), Steemers and Yun (2009),
Ebrahimigharehbaghi et al. (2020)

Personal factors
- Information and awareness
- Attitudes and beliefs
- Experience, skills
- Perception of households regarding energy
consumption compared to others,
- Awareness of energy consumption
Personal factors extracted from: Brounen et al.
(2013), Schley and DeKay (2015), Wilson et al.
(2015, 2018), Jensen et al. (2018), Risholt and
Berker (2013), Pothitou et al. (2016), De Vries
et al. (2019), Klöckner and Nayum (2017),
Huebner et al. (2015), Vassileva et al. (2012),
Larrick et al. (2007), Benoît et al. (2009),
Gigerenzer and Selten (2002), Nair et al.
(2010b)

Methodology
The Netherlands housing survey energy module
2018
In this study, the Netherlands housing survey energy
module 2018,2 which is the most recent one, is used.
This database comprises 4506 dwellings of which 63%
(2878) belong to the owner-occupied sector. Data
about the personal and motivational factors are mainly
from the survey in 2018. The housing and building
characteristics were collected from sources other than
the survey. In addition to this, the main purpose of
the national survey was to provide a representative
sample of Dutch society. From this dataset, the following data are used: (1) renovators and potential renovators per type of EER, i.e. double glazing, insulation,
solar PV panel, and, sustainable heating; (2) contextual
factors, such as household and building characteristics
(part of the extracted data, not the survey); (3) personal
factors, such as the perceptions of the household of their
own behaviours are assessed in diﬀerent ways, for
instance, whether they deliberately changed their

Motivational factors
-

Cost saving on energy bill
Increasing comfort
Due to maintenance
For the environment
Improving ventilation
Reducing noise
Increasing the house value.
Making the property more saleable.
motivations extracted from: Organ et al.
(2013), (Wilson et al. (2015), Nair et al. (2010a),
Friege and Chappin (2014), Baumhof et al.
(2018), Haque et al. (2021), Gamtessa (2013),
Simpson et al. (2021)

behaviour, or how they perceive themselves compared
with other households in terms of energy consumption;
and (4) motivations for EERs. In the following, the
descriptive analyses of the main variables in the logistic
regression analyses are presented.
Building characteristics and household proﬁles
The percentages of single and multifamily households
are around 83% and 17%, respectively. In addition,
row houses have the highest percentages, and detached
houses have slightly lower percentages than row houses.
In 2018, 28% and 23% of houses were row houses and
detached houses, respectively. In terms of the age of
the buildings, the category for the oldest buildings
(including buildings constructed before 1945) contained
the highest number of houses (around 22%) in the dataset. Other age categories contained buildings which
were built within a period of 10 years (Figure 3(a,b)).
The energy labels3 of 2018 are presented in Figure 4.
(1) Labels B and C accounted for the largest percentages
of buildings with energy labels; (2) The proportion of

Figure 3. Building characteristics of ‘The Netherlands housing survey energy module 2018’. Seventeen per cent of values are missing
for the building types.
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Figure 4. Distribution of buildings with diﬀerent energy labels
in ‘The Netherlands housing survey energy module dataset of
2018’.

Table 3. Households’ proﬁle (the Netherlands housing survey
energy module 2018).
Variable
Age (years old)

Number of people in the house

Income

Education

Categories

Frequency

Per cent

17–24
25–34
35–44
45–54
55–64
65–74
75 and older
1
2
3
4
5
6
7
9
11
<36k
36–54k
54–72k
72–108k
>108k
Low
Middle
High

18
256
350
444
753
785
258
643
1428
293
372
108
26
6
1
1
312
632
694
760
466
525
774
1536

0.6
8.9
12.2
15.4
26.2
27.3
9
22.3
49.6
10.2
12.9
3.8
0.9
0.2
0
0
10.8
22.0
24.1
26.4
16.2
18.2
26.9
53.4

buildings having energy labels (G, F, E, and D) was
lower than the proportion of houses having energy
labels (C, B, A, and A+).

A lower percentage of renovators performed the
work by themselves in 2018, namely, 16% compared
with 22% in 2012. Table 3 presents the household
proﬁles, for example, more than 50% of homeowners
were 54 years old or older, and more than 50% of households had higher education.
Table 4 presents the personal factors that were provided in the energy module 2018. For example, the
majority of households, approximately 59% and 79%,
indicated that they deliberately reduced their gas and
electricity consumption, respectively. Furthermore,
most respondents (45%) indicated that they were well
aware of their energy consumption. Thirty-eight per
cent of respondents perceived that they were consuming
less energy compared with other households.
In the energy module 2018, questions were asked
regarding the motivations towards EER for renovators
and potential renovators (with yes/no answers). ‘Due
to maintenance, to save energy costs, and to improve
comfort’ showed the highest percentages among the
motivation factors (Table 5).

Method of analysis
The impacts of behaviour-inﬂuencing factors were investigated for diﬀerent energy eﬃciency measures. The
dependent variable was whether households had
implemented/planned to implement the speciﬁc energysaving measures in the last/next two years. The independent variables were contextual, personal, and motivational
factors (Table 2). The dependent variables were binary
(whether they had installed or will install the energy
eﬃciency measures), therefore, logistic regressions were
conducted. This study focused on four types of EERs:
double glazing, insulation, solar PV panels, and sustainable heating. These energy-saving measures were investigated for both renovators and potential renovators, and in
total, eight regressions were estimated. Table 6 shows a list
of independent variables having diﬀerent scales.

Table 4. Personal factors (the Netherlands housing survey energy module 2018).
Factor

Categories

Frequencies

Per cent

- Deliberately reducing gas
Have you consciously reduced gas consumption for instance by turning down heating?
- Deliberately reducing electricity
Have you consciously reduced electricity consumption for instance by turning oﬀ the lights?
- Deliberately using energy-eﬃcient devices
Have you consciously replaced appliances that used a lot of energy with energy-eﬃcient appliances?
- Awareness on energy consumption
Are you aware how much gas/electricity your household uses per year?

Yes
No
Yes
No
Yes
No
Well-aware
Aware
Not aware
Much more
More
Similar
Less
Much less

1694
1094
2271
589
834
1959
1289
928
647
47
438
991
1093
172

58.86
38.01
78.91
20.47
28.98
68.07
44.79
32.24
22.48
1.63
15.22
34.43
37.98
5.98

- Household perception on energy consumption compared to the other households
Do you perceive that your household uses more/less gas/electricity than other households?
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Table 5. Motivation factors (the Netherlands housing survey energy module 2018).
Drivers

Due to
maintenance

To reduce
noise

To reduce
moisture problem

Renovators 1138 (39.5%) 187 (6.5%)
Potential
453 (15.7%) 62 (2.2%)
renovators

256 (8.9%)
159 (5.5%)

To save
energy costs

For the
environment

To resale
better

To increase the
house value

A homeowner’s
association has
requested

961 (33.4%) 1148 (39.9%)
561 (19.5%) 796 (27.7%)

942 (32.7%)
742 (25.8%)

402 (14.0%)
297 (10.3%)

559 (19.4%)
401 (13.9%)

74 (2.8%)
69 (2.4%)

To improve
comfort

Table 6. Explanatory variables with diﬀerent scales.
Contextual factors
Building types

Scale

Contextual factor

Scale

Personal factors

Scale

4/5
categories
8 categories

Agent performing the
EERs
Type of maintenance

Binary

Awareness of energy consumption

Binary

Deliberately reduce gas and electricity consumption

7 categories

Relocation

Binary

Age groups

6 categories

Household composition

Income

Cost

Scale

Education

3/5
categories
3 categories

3/5
categories
4 categories

Perception of households on energy consumption
compared to other households
Deliberately replace non-eﬃcient devices with eﬃcient
ones
Motivational factors

8 categories

All motivations

Binary

Number of people

5 categories

Construction
periods
Energy labels

Household
composition + age

Three-point Likert
scales
Binary
Three-point Likert
scales
Binary

In the computation, a backward elimination method
was used. In this method, a complex model including
all the potential variables is developed using a theoretical
framework. At each step, the non-signiﬁcant variables are
removed from the regression. The elimination is based
on the likelihood ratios, i.e. removal testing is done
based on the likelihood-ratio statistic using the maximum
partial likelihood estimates. A typical logistic regression
output contains the following outputs in addition to
the beta coeﬃcients of independent variables (β), and
degrees of freedom (df) in Statistical Package for the
Social Sciences (SPSS). (1) The odds ratios (column exp
(B)), describes the degree of association between the
dependent and independent variables, and this measure
is used to compare the relative probabilities of the occurrence (chance criterion) of the renovation. For the categorical variables, generally, the chance criterion is
compared with the reference category. Binary variables
are considered categorical variables with only two categories. The probability of respondents selecting category
j can be
 calculated using the chance criterion
exp(Bj )/ ni=1 exp (Bi ) × 100. (2) A Wald test
demonstrates the signiﬁcance of each coeﬃcient in the
regression. The null hypothesis is that the coeﬃcient of

the independent variable is equal to zero. The hypothesis
is rejected when the p-value (speciﬁed in the column
called ‘Sig.’) is lower than the critical p-value of 0.05 (or
0.01, 0.1, etc.). (3) S.E. is the standard error around the
coeﬃcient for each variable.
There are some assumptions made in conducting
logistic regressions: (a) dependent variable is the log
of the binary variables; (b) The independent variables
should not indicate multicollinearity; (c) the data should
contain a large sample size. The validity of the multicollinearity assumption is veriﬁed by calculating the Variance Inﬂation Factors (VIF). A VIF = 2.5 is the initial
point of concern, and a VIF > 10 shows multicollinearity
(Midi et al., 2010). The VIFs for eight regressions are
presented in Table 7. There is no serious multicollinearity between the independent variables in the sample.
Binary logistic regression model is used to describe
the relation between the dependent and independent
variables:


PEER
Log
= b0 + b1 XContextual factors
1 − PEER

Table 7. Multicollinearity tests in regressions.

where P is the probability of events, and X represents
independent variables. After estimation, the omnibus
tests of the model coeﬃcients and the Hosmer and
Lemeshow test were applied to validate the models
(Table 8). The omnibus test checks whether the model
estimates the outcome with the explanatory variables

Group
Double glazing
Insulation
PV panel
Sustainable heating

Max VIF
Renovators

Potential renovators

1.139
1.142
1.353
1.224

1.175
1.035
1.182
1.124

+ b2 XPersonal factors
+ b3 XMotivational factors for EER

(1)
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Table 8. Assessing the regressions regarding the goodness of ﬁt.
Group
Renovators

Potential renovators

Type of EER

Omnibus tests of model coeﬃcient

Double glazing
Insulation
PV panel
Sustainable heating
Double glazing
Insulation
PV panel
Sustainable heating

230.406
222.116
386.857
282.569
163.918
246.713
265.910
211.679

22
15
31
30
26
17
20
17

Hosmer and Lemeshow test

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

4,363
8.068
2.280
8.276
11.390
11.501
4.708
2.338

8
8
8
8
8
8
8
8

0.823
0.427
0.971
0.407
0.181
0.175
0.788
0.969

Table 9. Pseudo R-squared and Likelihood-ratio test regarding the goodness of ﬁt.
Pseudo R square
Group

Type of energy eﬃciency

McFadden

Cox and
Snell (ML)

Renovators

Double glazing
Insulation
PV panel
Sustainable heating
Double glazing
Insulation
PV panel
Sustainable heating

0.730530
0.335050
0.794221
0.822983
0.232710
0.241438
0.338751
0.330854

0.927969
0.323289
0.902731
0.93187
0.183618
0.249350
0.373850
0.266027

Potential renovators

better than without (Brant, 1990). The omnibus tests
were statistically signiﬁcant, and the models were better
with explanatory variables than without. The Hosmer
and Lemeshow test illustrated the goodness of ﬁt,
which is an insigniﬁcant factor for a good model.
Table 9 presents the pseudo R-squared values and the
likelihood-ratio tests. The pseudo R-squared values are
comparable to the R-squared values in terms of scale,
i.e. ranging from 0 to 1, and interpretation (i.e. higher
values indicate better model ﬁt). The likelihood-ratio
test examines whether the diﬀerences between two
models (for the backward elimination method) are statistically signiﬁcant (Lewis et al., 2011). A p-value <0.05
indicates that the ﬁnal model ﬁts signiﬁcantly better
than the last estimated model.
For the visualization of the results, the R programming
language and the visreg package were used because the R
package contained more options (Breheny & Burchett,
2017). Using this package, the surface plots were depicted
for two independent variables of the logistic regressions,
and the probability of investment in speciﬁc types of
energy eﬃciency measures (Leeper, 2017).

Results
Renovators
Double glazing
Table 10 shows the logistic regression for inﬂuencing
factors on the implementation of double glazing,

Likelihood-ratio test

Nagelkerke
(Cragg and Uhler)
0.954009
0.469731
0.953437
0.968912
0.315606
0.358697
0.499177
0.438023

Df.diﬀ

LogLik.diﬀ

Chisq

p Value

−22
−15
−31
−27
−26
−17
−20
−21

−1057.5
−332.32
−889
−1008.7
−102.5
−−148.57
−222.38
−154.33

2115
664.65
1778
2017.5
204.09
297.14
444.76
308.66

0***
6.309e−132***
0***
0***
1.4497e−29
4.3777e−53***
1.0098e−81***
5.4673e−53***

insulation, PV panels, and sustainable heating by
households.4 Two categories of contextual factors signiﬁcantly inﬂuence the installation of double glazing:
building and household characteristics. The identiﬁed
inﬂuencing building characteristics are year of construction and types of non-energy-eﬃcient renovations. Houses that were constructed in the 1980s
have the highest probability of installing double glazing. The relative probabilities of installing double
glazing together with diﬀerent non-EERs are investigated. These could be used to focus on the promotion
of double glazing with the appropriate non-EERs.
Overall, 70% of respondents mentioned that they
conducted double glazing with ‘repaired/replaced
the window frames’. The main identiﬁed household
characteristics are income and household compositions. With respect to households’ characteristics,
households with children are twice as likely to install
double glazing compared with one-person households. The probability of installing double glazing is
higher in lower-income groups and families with
children when compared with other categories of
incomes and household compositions (Figure 5).
No personal factor is signiﬁcantly identiﬁed regarding the decision to install double glazing. Households
mainly install the double glazing to improve comfort,
to reduce noise, to sell the house at a higher price,
and to maintain the house. These reasons were
described as primary motivations by 74%, 67%,
61%, and 60% of households.

Construction year
<1945
1945–59
1960–69
1970–79
1980–89
1990–99
2000–09
Energy labels
A and A+
B
C
D
E
F
G
Building type
Detached
2 under 1 roof
Corner
Intermediate
Maisonette
Done by an expert
Household characteristics Age category
17–35
35–44
45–54
55–64
65–74
>75
Household composition
One-person
Family without children
Family with children
Income
<36k
36–54k
54–72k
72–108k
>108k
Cost
500–6500
6500–12,500
12,500–18,500
>18,500
Replace/repair roof
Replace/repair window frames

Contextual factors Building characteristics

EERs
Coeﬃcients

Table 10. Logistic regression analyses for renovators.

0.35
0.30
0.25
0.28
0.44
1.03
0.38

0.00**

0.01*
0.27
0.30
0.39
0.37
0.38
0.40
0.25
0.39
0.45
0.38

0.17

0.01

0.14
1.35
1.78
0.67
0.51
0.49
0.67
2.52
1.69
7.67
0.43

S.E.

1.19
1.48
1.11
1.83
0.20
0.07

Exp(B)

0.00***
0.00***
0.18
0.00***
0.03*

0.29
0.07""
0.06""
0.31

0.27
0.05 .
0.28

0.00***

0.00***
0.63
0.19
0.69
0.03 .
0.00***
0.01*

Sig.

Double glazing

0.54

3.58

1.58
1.53
1.22
0.44
0.31
0.29

Exp(B)
0.00**
0.07
0.06 .
0.28
0.00**
0.00***
0.00**

Sig.

0.19 0.00**

0.49 0.01**

0.25
0.23
0.19
0.26
0.32
0.42

S.E.

Insulation

0.46

0.61
0.56
0.11

0.05
0.20
0.12
0.04*
0.00**
0.02*

0.02*
0.68
0.43
0.00**
0.01*

0.00***
0.00***
0.00***
0.00**
0.04*

0.00***

Sig.

0.34 0.02*

0.03*
0.36 0.17
0.57 0.31
0.79 0.005**

0.44 0.02*
0.57 0.00**

0.77
0.74
0.76
0.78
0.90

2.70
3.16
4.94
9.12
7.97
2.84
6.16

0.36
0.39
0.32
0.78
0.32

0.33
0.42
0.60
0.90
−1.10

S.E.

0.42
0.85
0.78
0.10
2.26

0.17
0.13
0.08
0.07
0.11

Exp(B)

Solar PV panel

0.17
0.19
0.00

4.34
3.33
3.33
4.16

3.83
5.58
7.13
7.74
7.62

0.92
0.56
0.82
1.14
4.01
4.38

Exp(B)

0.00**
0.00**
0.00**
0.01**

0.01**
0.00**
0.00*
0.01 .
0.06 .

0.10 .

0.02**
0.88
0.24
0.65
0.79
0.01**
0.03*

Sig.

(Continued)

0.01**
0.59 0.00**
1.09 0.13
5512
1.00

0.45
0.40
0.40
0.47

0.52
0.61
0.70
0.83
1.08

0.54
0.49
0.44
0.50
0.52
0.69

S.E.

Sustainable heating
system
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0.09
0.99 0.02*
0.16

0.29 0.00***

0.10

0.37 0.00***
6.48

Constant

Note: Signiﬁcant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1.

0.20
0.21
0.43
0.73
1.6
0.15

0.13
0.02*
0.00***

0.18 0.02*
0.14 0.03 .
1.52
0.73

Motivation factors

Insulation of ﬂoors, roofs and walls
Among contextual factors, the building characteristic,
more speciﬁcally the construction year, is identiﬁed as
signiﬁcant. The houses built between 1945 and 1959
and those built between 1960 and 1969 are signiﬁcantly
identiﬁed, and they have a higher probability of insulation installation compared with houses built before
1945. Among the personal factors, the main identiﬁed
one is ‘deliberately changing behaviour to use less electricity’. Households that changed their electricity consumption are more likely to insulate their houses.
About 62% of these households insulated their houses.
Another signiﬁcant personal factor is awareness of
energy consumption. The speciﬁed question is whether
the households know how much gas/electricity they use
per year. In this case, the data shows a reverse relationship between the installation of insulation and the
claimed awareness of the households with respect to
energy consumption. Contrary to what one would
expect, the well-aware group has the lowest probability
of installing insulation, and the not-fully-aware group
has the highest probability. The more reasonable outcome would have been a direct relationship between
awareness and performing insulation (Figure 6(a)).
Human bias may play a major role here and requires
more in-depth investigation. The last category of behaviour-inﬂuencing factors is motivational factors. The
main identiﬁed motivations are ‘to improve comfort’
and ‘to improve ventilation/moisture problem’. The
percentages of households that speciﬁed these motivations and insulated their houses are 77.4% and 60%,
respectively. Figure 6(b) shows the highest probability
of decision to insulate due to comfort and for buildings
constructed before the 1980s.

0.78 0.00***

0.60 0.00***
0.27 0.00***
0.31 0.05*
0.13
0.37
0.55
0.31 0.00***

0.17 0.00***
0.14 0.00***
0.20
0.19
0.26
2.86
1.54
2.12

0.00**
0.02*
0.00***

3.43
0.49

0.38
0.92
0.17
0.36
0.19 0.34
0.18 0.02**
0.84
0.66

2.95

0.81
0.02*
0.00***
0.00***
0.34
0.34
0.27
0.37
1.08
0.46
0.38
11.40
0.01*
0.81
0.00***
0.00***
0.40
0.34
0.26
0.25

0.01*

0.26 0.01*
0.51
0.20 0.01*
1.68

0.06

Sig.
S.E.

0.01*

2.25

Exp(B)
Sig.
S.E.

0.27 0.06
0.61

Exp(B)
S.E.
Sig.
S.E.
Exp(B)

Deliberately reducing gas consumption
Deliberately reducing electricity usage
Deliberately replacing non-eﬃcient devices with eﬃcient ones
Awareness of energy consumption
Well_aware
Partly aware
Not aware
Perception of households on energy usage compared to others
More and much more
Similar
Less and much less
To improve comfort
Due to maintenance
To reduce noise
To improve moisture problem
For the environment
To increase house value
To save energy costs
To resale the house better
Personal factors

Table 10. Continued.

EERs
Coeﬃcients

Double glazing

Exp(B)

Insulation

Sig.

Solar PV panel

0.27 0.00**
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Solar PV panels
The identiﬁed contextual factors belong to the energy
labels, household characteristics, agent performing the
EERs, and types of maintenance associated with EERs.
The implementation of this energy eﬃciency measure
depends strongly on the energy labels. A clear trend
can be seen between the installation of PV panels and
the energy label of the houses. The houses with higher
energy labels are more likely to install PV panels compared to the ones with the worse energy labels. As an
example, the households with energy label ‘A’ are 5.6
times more likely to install the PV panels compared to
those with energy label ‘B’. The detached houses are
more likely to install PV panels compared to 2-under1-roof and maisonette dwellings. The chances are 2.4
and 10 times, respectively. As expected, 70% of households asked an expert to install the PV panels instead
of installing the panels themselves. The installation of

BUILDING RESEARCH & INFORMATION

13

Figure 5. The impacts of household composition and income on the installation of double glazing.

PV panels can take place whenever the households
‘replaced/repaired the roof’ or ‘replaced/repaired the
windows frames’. Among household characteristics,
the coeﬃcients of age and household composition are
statistically signiﬁcant. A clear trend can be identiﬁed
between the installation of PV panels and the Head of
Household’s (HOH) age. Older HOHs are more likely
to install PV panels. For instance, HOHs between the
ages of 55 and 64 are almost 5 times more likely to
install PV panels compared with those between the
ages of 17 and 35 years of age. Similar to double glazing,
households with children are more likely to install PV
panels compared with one-person households or households without children. The chances are 6.2 and 2.2
times, respectively. Furthermore, a dwelling with the
energy label ‘A’ has a higher chance of solar PV panel
installation. Figure 7(a) demonstrates the probability
of installing solar panels per household composition
and the HOH’s age group. There is a greater number

of signiﬁcant personal factors when comparing solar
PV panel installation with double glazing and insulation. The ﬁrst group of personal factors is behavioural
changes by households: (1) deliberately replacing the
non-energy eﬃciency devices with eﬃcient ones, and
(2) deliberately reducing gas consumption. Overall,
the 34% and 38% of households that adopted these
behavioural changes installed PV panels for their
houses. Second, the household perception of electricity
consumption compared to the others is signiﬁcantly
identiﬁed, as well. The households that perceived themselves as using more energy than others were 2.6 times
more likely to install PV panels compared with households with a perception of similar energy consumption.
The last category of behaviour-inﬂuencing factors is
motivational factors. The most signiﬁcant motivations
are ‘saving energy costs’ and ‘for the environment’. Of
those who installed PV panels, 87% and 74% of respondents mentioned these as primary motivations. The

Figure 6. The impacts of inﬂuencing factors on the decision regarding insulation (renovators).
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Figure 7. The impacts on the decision regarding installation of PV panel (renovators).

other signiﬁcant motivations are ‘due to maintenance’
and ‘to improve comfort’, mentioned by 26% and 15%
of respondents. Figure 7(b) shows the importance of
cost saving on energy bills for diﬀerent groups of
households.
Sustainable heating
Signiﬁcantly identiﬁed contextual factors among
building characteristics include the construction
year, energy label, and building type. The construction
year plays an important role in houses constructed
between 1990 and 1999 and 2000 and 2009. Regarding
boiler replacement, houses constructed between 1990
and 1999 are 4 times more likely to replace the boiler,
and houses constructed between 2000 and 2009 are 4.4
times more likely to replace the boiler than all houses
constructed in years outside of these years. The second
signiﬁcant building characteristic is the energy label.
In contrast to the PV panel, the houses with lower
energy labels have a higher probability of installing
or replacing the boilers. The highest signiﬁcant energy
label is for energy label ‘F’, followed by energy labels
‘G’, ‘E’, and ‘D’. The building type is also a signiﬁcant
variable. Among diﬀerent types of houses, all building
types have a signiﬁcant probability of installing boilers, though with a lower probability than apartments
and semi-detached houses. Among the personal factors, deliberately changing gas consumption behaviour is a signiﬁcant variable. Of the households that
changed their behaviour, 69% have installed or
replaced sustainable heating. The second signiﬁcant
personal factor is the household’s perception of their
energy consumption compared to the other households. The households that perceive higher energy
consumption as compared with other households are
2.1 times more likely to replace their boiler compared
the ones who perceive lower energy usage. The main
identiﬁed and highly signiﬁcant motivating factor is
‘due to maintenance’. Of households that stated this
motivation as an important one, 91% have conducted
EERs.

Potential renovators
Double glazing
Among the contextual factors, two categories of building and household characteristics are identiﬁed signiﬁcantly (Table 11). First, the energy labels signiﬁcantly
inﬂuence the decision to double-glaze for potential
renovators. The highly signiﬁcant energy label is ‘F’.
The households living in this category of dwellings
will be 7.2 times more likely to plan for double glazing
installation compared with energy labels A and A+.
After ‘F’, the energy labels ‘G’ and ‘D’ have the highest
probability of installing double glazing in the future.
Second, the households that earn more than twice the
most frequent income in the sample are more likely to
plan for double glazing. Among eight household composition types, the one-person households with a head
of household older than 64 are 3.6 times more likely
to double-glaze compared with reference category.5
Figure 8(a) indicates that the higher-income groups
and the buildings with lower energy labels are planning
for double glazing to be completed as well. Personal factors such as deliberately using less gas and electricity as
well as awareness of energy consumption are signiﬁcantly identiﬁed. Of the households that have deliberately changed their behaviours by reducing gas
consumption, 60% are planning to implement double
glazing. Figure 8(b) indicates the evidence for these personal factors and all levels of income. In contrast, only
35% of households with deliberate changes in electricity
consumption are planning to conduct double glazing.
The households less aware of energy consumption are
planning more for double glazing compared to those
partly aware and well-aware households on energy consumption. The main motivating factors are ‘to improve
comfort’, ‘to reduce noise’, ‘due to maintenance’, and ‘to
improve ventilation or moisture problems’. Overall,
80%, 70%, 65%, and 59% of households that mentioned
the importance of these motivations are planning to
install double glazing in the next two years, respectively.
A lower percentage of households (35%) is signiﬁcantly
identiﬁed as conducting double glazing to reduce

Personal factors

Contextual
factors

Household
characteristics

Building characteristics

B
C
D
E
F
G
Building type_ Apartment
Row houses
Semi-detached
Detached
Age category
17–35
35–44
45–54
55–64
65–74
>75
Education _low
Middle
High
Income
<36k
36–46k
54–72k
72–108k
>108k
Deliberately reducing gas usage
Deliberately reducing electricity usage
Awareness of energy consumption_
Not aware
Partly aware
Well aware
Perception of households on energy usage compared to
others_
More and much more

Construction year
<1945
1945–59
1960–69
1970–79
1980–89
1990–99
2000–09
2010–18
Energy labels
A and A+

Coeﬃcients

EERs

Table 11. Logistic regression analyses for the renovators for potential renovators.

0.48
0.47
0.48
0.51
0.24
0.28
0.27
0.26

0.61
0.66

0.51
0.47
0.48
0.52
0.53
0.60

S.E.

1.97
2.93
3.13
2.75
1.53
0.54

2.65
2.50
4.90
3.82
7.21
4.85

Exp
(B)

0.07 .
0.10 .

0.16
0.02*
0.02*
0.05*
0.08 .
0.03*
0.15

0.13

0.00***
0.06 .
0.05**
0.00***
0.01**
0.00***
0.01**

Sig.

Double glazing

0.56
0.66
0.56
0.87
0.39

1.92
1.20
1.46

2.64
0.88
1.16
0.51
0.23
0.03
0.00

Exp
(B)

0.31
0.31
0.30
0.29
0.46

0.27
0.31
0.30

0.29
0.27
0.22
0.27
0.37
1.03
6379

S.E.

Sig.

0.06 .
0.18
0.05 .
0.64
0.04*

0.04*
0.02*
0.56
0.20
0.10 .

0.00***
0.64
0.50
0.01*
0.00***
0.00***
1.00

0.00***

Insulation

0.67

0.61
0.64

0.92
1.42
0.82
0.91
3.03
1.78
5.14

Exp
(B)

0.18

0.28
0.26

0.37
0.34
0.28
0.30
0.28
0.32
0.47

S.E.

0.19

0.03*

0.17
0.08 .
0.08 .

0.82
0.30
0.46
0.75
0.00***
0.07 .
0.00***

0.00***

Sig.

Solar PV panel

1.43
1.82

0.67

0.37
0.61

0.35
0.85
0.78
0.61
1.02

0.51
1.40
2.58
2.72
2.31
5.28
1.54

Exp
(B)

0.32
0.30

0.18

0.49
0.30

0.45
0.39
0.37
0.39
0.52

0.60
0.43
0.33
0.36
0.38
0.39
0.84

S.E.

(Continued)

0.26
0.05 .

0.14

0.03*

0.04*
0.10

0.10

0.02*
0.67
0.52
0.19
0.97

0.14

0.26
0.43
0.00**
0.01**
0.03*
0.00***
0.60

0.00***

Sig.

Sustainable heating
system
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0.03*
0.00***
1.04
0.55
0.11
0.04

Roof, wall, and ﬂoor insulation
Among the contextual factors, the construction year,
building type, and ages of the occupants are signiﬁcantly
identiﬁed. Construction year is a highly signiﬁcant factor, especially for the buildings that are constructed
between 1945 and 1959. Approximately 70% of the
building owners are likely to insulate their houses in
the next two years. In addition to this, there is a trend
for owners of newer dwellings to be less likely to plan
for insulation compared to owners of older dwellings
[Exp(B) is decreasing: 2.6, 1.16, 0.51, 0.23, 0.03]. Owners
of row houses are 1.9 times more likely to plan for insulating their houses compared to those in apartment
houses. Figure 9(a) shows the impact of construction
year and building type on the likelihood of insulation
installation. No personal factor is signiﬁcantly identiﬁed.
Of those wanting to improve the comfort of the dwelling,
82% are more likely to plan to insulate their houses compared to the others. Figure 9(b) conﬁrms the importance
of comfort per construction period. The older the building, the more likely households were to mention this
highly signiﬁcant motivational factor. Of households
that mentioned the importance of maintaining the
house, 33% are likely to plan for insulation.

0.43
0.24
0.00***
0.35
0.22
Note: Signiﬁcant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1.

0.00***
0.93
0.01
Constant

Motivation
factors

environmental impact. Figure 8(c) shows the importance of comfort per energy label of dwellings.

0.00***

0.04*
0.14
0.35
0.23
0.48
1.40
0.21
0.18
0.23
1.70
1.82
3.21

0.01*
0.00***
0.00***

0.00***
0.00***
0.24
0.25
0.34
13.33

0.25
0.21
0.33
0.24
0.21
Similar
Less and much less
To improve comfort
Due to maintenance
To reduce noise
To improve moisture problem
For the environment
To increase house value
To save energy costs
Follow other people

4.02
1.92
3.83
1.47
0.52

0.00***
0.00**
0.00***
0.11
0.00**

4.68
0.50

0.18
0.17

0.00***
0.00***

0.24
0.23
0.19
1.52
1.19
0.14

0.08 .
0.46
0.00***

Sig.
S.E.
Exp
(B)
Sig.
S.E.
Exp
(B)
S.E.
Sig.
S.E.
Exp
(B)
Coeﬃcients

EERs

Double glazing

Exp
(B)

Insulation

Sig.

Solar PV panel

Sustainable heating
system
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Table 11. Continued.
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Solar PV panels
Among contextual factors, construction years, household compositions, and level of education signiﬁcantly
inﬂuence the planning for installation of PV panels. A
clear trend can be observed for construction year.
There is a higher probability of planning for PV panel
installation for newer buildings. In this respect, buildings
built between 2010 and 2018 are 5.14 times more likely
to have PV panels than buildings built before 1945.
Non-family households, which comprise a group of
people, are 6.8 times more likely to install PV panels
compared with one-person households. Among personal
factors, 40% of households that mentioned deliberately
reducing gas consumption plan to install PV panels in
the future. Overall, the main identiﬁed motivational factors are saving energy costs, increasing the house value,
and caring for the environment. Of the households that
are planning to install PV panels, 76%, 65%, and 63%
described these motivations as the important ones,
respectively. Figure 10 shows the importance of energy
bills per construction period and may indicate that
households with newer buildings and the motivation of
cost savings are more likely to install PV panels.

BUILDING RESEARCH & INFORMATION
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Figure 8. Impacts of the inﬂuencing factors regarding the future decision on installing/replacing the double glazing (potential
renovators).

Figure 9. Impacts of the inﬂuencing factors on the future decision regarding installing/replacing the insulation (potential renovators).

Sustainable heating
The main identiﬁed contextual factors are the construction period, age, and income. The majority of construction periods have highly signiﬁcant coeﬃcients. Similar
to the year of construction for renovators, the probability
of planning for boiler replacement is highest for the construction period of 2000–2009 due to a boiler’s expected
lifespan of 10–13 years. Younger and lower-income

household groups are more likely to be planning to
replace boilers than older and higher-income groups.
Among personal factors, the awareness of energy consumption is signiﬁcantly identiﬁed. The well-aware
households are 1.8 times more likely to be planning to
replace a sustainable heating system compared to notfully-aware households. Figure 11(a) shows the eﬀects
of age and awareness of energy consumption. Among

Figure 10. The impacts of construction years and saving on energy bills regarding the future decision on installing/replacing the solar
PV panels (potential renovators).
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Figure 11. Impacts of the inﬂuencing factors regarding the future decision on installing/replacing the sustainable heating systems
(potential renovators).

motivating factors, the most signiﬁcant one is ‘due to
maintenance’. Overall, 93% of households that mentioned this motivation are planning to install or replace
a boiler in the next two years. The second important
motivation is ‘for the environment’. Of households mentioning this motivation, 58% are planning to install a
more energy-eﬃcient boiler. Other signiﬁcant motivational factors are ‘to improve comfort’ and ‘to improve
ventilation and moisture problem’. Figure 11(b) indicates the importance of the motivational factor ‘due to
maintenance’ per income group of households. The lowest income groups mentioning installing or replacing a
heating system for the reason of maintaining the

dwellings are more likely to be planning this type of
energy eﬃciency measure compared with the other
two groups.

Discussion
Evidence on behaviour-inﬂuencing factors in
practice
The inﬂuencing factors and the associated empirical
results are illustrated using the Netherlands housing
survey energy module 2018. Table 12 presents the
main important contextual, personal, and motivational
factors per type of EER. In the current study, contextual

Table 12. Contextual, personal, and motivational factors per type of EERs.
Type of EERs

Group

Renovators

Double glazing Contextual
factor

(a) Building characteristics (construction year: <1980), type of other
renovations: repaired/replaced window frames)
(b) Household characteristics (income: lower-income), household
composition: family with children)
Personal factor _
Motivational
To improve comfort
factor
To reduce noise
To resell house
Insulation
Contextual
(a) Building characteristics (construction year: 1945–1959, 1960–1969)
factor
Personal factor - Deliberately reduce energy consumption
- Awareness of energy consumption
Motivational
To improve comfort
factor
Solar PV panel Contextual
(a) Building characteristics (energy label: higher e.g. A, building type:
factor
detached houses), type of other renovations: replaced/repaired roof/
windows frame)
(b) Household characteristics (age: older, household composition: family
with children)
Personal factor - Deliberately replace non-energy-eﬃcient devices with eﬃcient ones and
reduce energy consumption
-Perception of electricity consumption compared to others: perceived
higher
Motivational
- Saving energy costs
factor
-For the environment, etc.
Sustainable
heating

Contextual
factor

(a) Building characteristics (construction year: 1990–1999, 2000–2009,
energy labels: F, G, etc., building type: apartments and semi-detached
houses)
_
Personal factor Deliberately reduce energy consumption
Motivational
Due to maintenance
factor

Potential renovators
(a) Building characteristics (energy label: F, G, D)
(b) Household characteristics (high-income
group, household composition: older
household)
Deliberately reduce gas and electricity
To improve comfort
To reduce noise
Due to maintenance, etc.
(a) Building characteristics (construction year:
1945–1959, building type: row houses)
_
To improve comfort Due to maintenance
(a) Building characteristics (construction year:
newer)
(b) Household characteristics (household
composition: non-family, education: higher)
Deliberately reduce energy consumption

-Saving energy costs
-To increase house value
-For the environment, etc.
(a) Building characteristics (construction year:
newer)
(b) Household characteristics (lower-income
group and younger groups)
Awareness of energy consumption (well-aware)
Due to maintenance for the environment
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factors such as household and building characteristics
are investigated. For renovators, the installation of
double glazing mostly depends on the building and
household characteristics. For older dwellings with
more occupants, e.g. families with children, the owners
are more likely to install double glazing. Houses that
were constructed prior to 1980 have the highest probability for double glazing installation. The use of double
glazing increased extensively in the 1980s. Therefore, it
is probable that houses built after this time period had
double glazing installed at the time of construction,
while houses built before that require this renovation.
For houses that are built before 1945, owners are
approximately 3.5 times more likely to install insulation
than houses built between 2000 and 2009. The ﬁrst regulation for the Energy Performance Coeﬃcient (EPC) for
buildings was introduced around the 1990s. Dwellings
constructed in the years after the introduction of EPC
were forced to comply with the regulations of installing
insulation; therefore, these houses did not install insulation in recent years. Because there was no such regulation for houses built between 1945 and 1969, these
houses installed more insulation in recent years.
Houses with higher energy labels, especially energy
label ‘A’, have installed more solar PV panels. Older
HOHs and families without children were more likely
to install solar PV panels compared with other groups.
Buildings constructed from 1990–1999 and 2000–2009
have the highest probability of installing a new boiler.
A plausible explanation is that the average lifetime of
a boiler is between 10 and 13 years. Therefore, houses
constructed between 2000 and 2008 should have changed their boilers in the time period speciﬁed in the questionnaire, 2013–2018. Buildings with the lowest energy
labels and building types of row middle houses are
more likely to install or replace a boiler. For potential
renovators, the households with a lower energy label,
especially energy label ‘F’, are more likely to be planning
to install double glazing. Households with higher
incomes are also more likely to plan to install double
glazing compared with other income groups. This result
indicates the high investment costs of double glazing,
which makes people with lower incomes less likely to
invest in this type of EER. It is more probable that
non-family households and those with new houses
plan for solar PV panel installations compared with
others.
In terms of personal factors, household awareness of
energy consumption is signiﬁcantly identiﬁed for the
installation of insulation and sustainable heating.
Homeowners who aim ‘to deliberately change their
behaviours towards energy consumption’ are more
likely to insulate and replace the boilers compared
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with others. In the context of EERs, motivational factors
inﬂuence the individuals’ behaviours as mentioned by
Organ et al. (2013), Wilson et al. (2015), Friege and
Chappin (2014), and Baumhof et al. (2018). In our
study, both renovators and potential renovators mentioned ‘improving comfort and maintaining good physical and structural conditions of the houses’ as the main
motivations for all types of EERs except for PV panels.
Installation of PV panels is also motivated by ‘saving
costs on energy bills’, ‘the environment’ (also for sustainable heating), and ‘increasing the house value’.
Double glazing has an additional motivational factor
of ‘reducing noises’.
Policy recommendations
Promoting EERs should be tailor-made for diﬀerent cultures and target groups of households (e.g. socio-demographic traits). Dutch municipalities can set clusters of
dwellings using household and building characteristics.
These two categories of inﬂuencing factors are signiﬁcantly identiﬁed for all types of EERs, as presented in
Table 12. Similar to a study in the United Kingdom
(Trotta, 2018), the building characteristics have more
explanatory power in terms of EER decisions than
household characteristics. In studies focused on residential sectors in China, the household characteristics
of education level and age groups, as well as the building
characteristics of construction year and ﬂoor area, are
identiﬁed as important factors aﬀecting willingness to
pay (Huang et al., 2021; Lai et al., 2021).
Diﬀerent types of interventions, i.e. structural and
informational interventions, can be implemented for
diﬀerent clusters. For instance, if the municipality
aims to promote the insulation of the houses, they
should probably target the category of the old buildings
by supporting grants or subsidies or providing information on the advantages and stages of the renovation
process. They could also promote PV panels for newly
built dwellings. In Belgium, the ‘ecopack’ program provides higher subsidies for lower-income groups who
plan to implement at least two energy-saving measures
(Bartiaux et al., 2014). In a study of the United Kingdom
homeowners, the importance of ﬁnancial incentives for
old dwellings, which require major renovations, and
low-income neighbourhoods are emphasized (Wilson
et al., 2015). Based on a study in China, people adopt
energy-eﬃcient technologies with full subsidies rather
than separate renovations supported by a partial subsidy
(Lai et al., 2021). Due to the high potential energy cost
savings in old dwellings, the importance of ﬁnancial
incentives is discerned for low-income Canadian homeowners (Gamtessa, 2013).
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Based on the results of the current study, homeowners who change their behaviour deliberately by
using less gas/electricity consumption, for example,
are more willing to conduct EERs. The local authorities
can target this group of households ﬁrst. This group can
share their knowledge and experiences with other
groups. In this way, distributing information regarding
the EERs would be more straightforward. In a study in
the United Kingdom, the information from the social
network increases the probability of adopting EERs by
households (McMichael & Shipworth, 2013). In the
Netherlands, energy commissioners and energy ambassadors, who live in the same neighbourhoods as the residents, actively contribute to making their
neighbourhoods more sustainable by initiating programs or helping their neighbours renovate the buildings more eﬃciently in terms of energy. These actors
require the support of public authorities in facilitating
the renovation process by, for instance, loans, subsidies,
etc.
In terms of motivational factors, ‘improving the comfort and maintaining a good physical and structural
conditions of house’ are identiﬁed as strongly important
inﬂuencing factors for almost all types of EERs except
solar PV panels. For the latter, cost savings on energy
bills and reducing environmental impacts are signiﬁcantly identiﬁed. Earlier studies identiﬁed the importance of these motivational factors in European
countries (Baumhof et al., 2018; Christensen et al.,
2014; Meijer et al., 2009; Michelsen & Madlener, 2013;
Thuvander et al., 2012; Wilson et al., 2015). Therefore,
‘improving comfort’ performs better as a promotional
message to the homeowners compared with other messages related to energy eﬃciency. Furthermore, to
achieve the highest energy savings, the responsible
organizations must reach homeowners conducting
home maintenance and renovations and integrate
EERs with these activities. Persuading a homeowner to
add some energy-eﬃcient renovations when
conducting general maintenance can be a behavioural
intervention.

Summary and conclusions
The current study aimed to identify behaviourinﬂuencing factors on the energy-eﬃcient renovation
(EER) decisions of homeowners in the Netherlands.
Applied behavioural studies are reviewed to determine the main inﬂuencing factors. The scope of
this study is restricted to the speciﬁc classes of
behaviour-inﬂuencing factors, i.e. contextual, personal, and motivational factors. Logistic regression
analyses are conducted to examine the impact of

these factors on EERs. Four types of EERs are investigated: double glazing, insulation, PV panels, and
sustainable heating. These measures are the most
popular ones among renovators and potential renovators. A recent dataset, the Netherlands housing survey energy module 2018 (Statistics Netherlands,
2019) released by the Ministry of Interior and Kingdom in collaboration with Statistic Netherlands
(CBS), is used as the source of data.
Our empirical study provides pieces of evidence to
support the importance of a number of contextual factors, e.g. household and building characteristics,
especially construction periods, and energy labels. This
is in accord with previous studies across diﬀerent
countries that have shown the importance of building
and household characteristics on EER decisions. The
results also showed that EERs are interrelated with
other types of renovation. These results indicate that
the preferred type of EER depends on the building
and household characteristics. Therefore, responsible
organizations can use diﬀerent clusters of houses in promoting speciﬁc types of EERs.
The personal factors of awareness of energy consumption, perceived energy consumption compared to
other households, perceived degree of eﬃciency in consuming heating energy, etc. are mentioned in the behavioural literature. In the regression analysis, the variables
of ‘deliberately changing the behaviour to energy consumption’, ‘deliberately replacing the non-eﬃcient
devices with eﬃcient ones’, and ‘perception of households regarding energy consumption compared to
others’ are included to examine the importance of this
group of behaviour-inﬂuencing factors in EERs. For
all types of EERs, these speciﬁc inﬂuencing factors are
identiﬁed as statistically signiﬁcant, especially for PV
panels. In regression analysis, awareness of energy consumption and the importance of energy eﬃciency behaviours are the indicators of moral obligations. As
explained in the literature review, this conclusion is
also valid for countries with similar institutional structures, such as Norway. The importance of these factors
can be examined in diﬀerent countries for future
studies. For all types of EERs, at least one of these personal factors is signiﬁcantly identiﬁed for renovators or
potential renovators. Responsible organizations can ﬁrst
target groups with a higher probability of EERs to promote energy-eﬃcient dwellings. The spread of knowledge and experiences of diﬀerent types of EER
implementation would then be facilitated.
Diﬀerent types of motivational factors are identiﬁed
as highly signiﬁcant per type of EER. For instance, in
the case of double glazing, the social motivation for
renovators to improve comfort is signiﬁcantly
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identiﬁed, and for PV panels, the economic motivation
to save on energy bills is identiﬁed. These ﬁndings,
speciﬁcally for energy-eﬃcient technologies related to
solar PV panels, are also in accordance with previous
studies internationally. The main motivational factors
need to be considered in promoting diﬀerent types of
EERs by responsible authorities.
The theoretical framework of this study is validated
by the large sample size of the energy module 2018.
Based on this method, the importance and the scale of
the eﬀects of behaviour-inﬂuencing factors on EERs
are identiﬁed in the current study. Considering the validation of the theoretical framework with a large sample
size, the eﬃcacy of the method in this study is approved.
The theoretical framework can be applied for future
studies. The outcomes of this research can facilitate
the design by public authorities in the Netherlands of
more eﬀective policy interventions for diﬀerent household groups and categories of dwellings per type of EER.
Limitations of the current study and future research.
The results of the current study are restricted to the
available data from the energy module 2018. This survey
is a representative sample of the residential sector in the
Netherlands. The list of contextual and personal factors
in the literature is more extensive, and few inﬂuencing
factors are investigated in this study. For instance, the
hassle factors were not covered in the energy module
2018. For future studies, these variables can be collected
by conducting surveys. This study focuses on the Netherlands, with speciﬁc building and household characteristics. The theoretical framework can be examined with
similar datasets from other countries. In this way, the
robustness of the results can be examined. For future
studies, the next step would be exploring other types
of cognitive biases inﬂuencing EER decisions. The cognitive biases can cause inaction, delay, and unstable
decisions. The behaviour of households towards EERs
could be better predicted by considering the cognitive
biases (Good, 2019; Häckel et al., 2017). For instance,
risk aversion and loss aversion are important cognitive
biases for any type of investment. Analysing the impacts
of these cognitive biases on energy eﬃciency investment
necessitates a more complicated model.
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2. The Dutch Ministry of the Interior and Kingdom
Relations conducts a survey every 5–6 years on the
energy consumption, energy behaviour of households,
as well as the investment behaviour of households
with regard to energy-saving measures in the rental
and private building stocks. The Netherlands housing
survey energy modules also contains other variables
that are collected through the dwelling inspections,
reports on energy consumption, other datasets, such
as the Netherlands Enterprise Agency (in Dutch: Rijksdienst Voor Ondernemend Nederland (RVO)) dataset,
containing building characteristics, such as energy
labels (Woononderzoek, 2020).
3. An obligatory energy labelling of existing dwellings is
dictated for European countries by Energy Performance
of Building Directive (EPBD). In the Netherlands, the
energy labelling system is implemented since 2008.
The energy label is calculated using the building characteristics, heating, ventilation, and cooling systems, and
standard usage characteristics (Majcen et al., 2013).
4. Table 10 shows the main outputs of the logistic
regressions. Appendix B presents all the outputs including β, df, S.E., Wald test, Exp(b).
5. The categories of household composition diﬀer for the
double glazing and solar PV panel. Therefore, this variable is not included in Table 11. Please see Appendix B.
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