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“A fundamental concern of economics is understanding human choice behaviour”
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Abstract

How energy consumers behave, namely, what type and how much of different energy products
and services they consume, direct and indirect affects the environment, as well as personal
(and collective) well-being. Understanding the decision-making process behind energy
consumption is thus important if we want to influence people’s energy consumption and
achieve the goals of sustainable energy consumption. In this thesis, | study choices related to
energy consumption for residential heating by using an integrated behavioural study approach
that employs perspectives from economics, psychology and sociology. The analyses in this
thesis are based on two Norwegian nation-wide household survey datasets, which are used in
combination with a discrete choice econometric modelling framework. By modelling consumers’
choices, we may identify barriers and drivers for sustainable energy consumption. The
analytical approaches are innovative, and the research results should shed light on how
Norwegian households use energy in their homes.

The dissertation consists of four empirical papers that have the following goals: (a) to
evaluate the determinants of investments in heating equipment and investigate how
motivations and environmental attitudes affect the heating investment choice in Norwegian
households (paper 1); (b) to explore a new methodology for modelling the consumption share
of storable energy goods and examine the impact of perceptions of heating equipment and
attitudes towards biomass consumption on the choice of the primary heat source in households
(paper I1); (c) to test the effect of lifestyle variables on households’ firewood demand (paper Il1);
and (d) to identify the role of procrastination and environmental awareness on energy saving
activities (paper IV). As a methodological assessment, | also use household characteristics (age,
income, education, household size, etc.) and residence characteristics (dwelling size, age, type,
etc.) as variables in the modelling process.

The results indicate that perceptions concerning the appearance, efficiency, cost,
required time and effort and environmental impact differ greatly between different types of
heating equipment (woodstoves, pellet stoves, electric ovens and air-to-air heat pumps).
Perceptions concerning the attributes of the heating equipment and attitudes towards different
energy sources are both important in explaining the type of heating investment and the choice
of primary heat source (paper | and Il). People whose main motivation is to reduce costs are
more likely to invest in heat pumps, whereas investors in pellet stoves are more concerned

about the impact of the heating source on the environment (paper 1). Furthermore, the annual



costs and effectiveness of the equipment are the most important factors in explaining firewood
consumption, while access to firewood and pellets and environmental considerations are
important factors in explaining the share of pellet stove use in residential heating (paper ll). In
paper lll, urban lifestyle and comfort concerns are shown to be negatively associated with
firewood demand. Moreover, access to cheap firewood has a significant positive effect on the
demand for firewood (paper lll). Lastly, results from the study on the effect of procrastination
on energy saving behaviour reveal that the degree of procrastination affects people’s heating
energy saving behaviour. People with a higher tendency to procrastinate are less likely to
engage in energy saving activities in general, especially with respect to activities that demand

effort and time, such as investing in new equipment (paper V).

The estimation results illustrate the importance of taking into account internal
motivational factors, such as attitudes and perceptions, in explaining people’s energy
consumption. For example, it is important to employ measures that aim to reduce
procrastination to realise the underlying energy saving potential in Norwegian households. The
interdisciplinary study approach enriches our knowledge of individual decision making related
to energy consumption. It can also improve the effectiveness of energy and environmental
policy. We need more empirical studies that focus on energy end users’ behaviour from

different social science perspectives, especially a behavioural economics perspective.



Sammendrag

Hva slags energikilder forbrukerne velger og hvor mye de forbruker, har direkte og indirekte
virkning pa miljget, sa vel som pa personlig (og kollektiv) trivsel. A forstd beslutningsprosessen
bak folks energiforbruk er viktig hvis vi gnsker a pavirke deres energiatferd og oppna mal om
mer baerekraftig energiforbruk. | denne avhandlingen bruker jeg integrerte atferdsstudier til a
utforske valg av ulike boligoppvarmingslgsninger ved a benytte tilnseerminger fra gkonomi,
psykologi og sosiologi. Studien er basert pa datasett fra to landsdekkende
husholdningsundersgkelser i Norge, og bruker gkonometriske modeller for diskrete valg. Ved a
modellere forbrukernes beslutninger kan vi systematisk identifisere hindringer og drivere for
barekraftig energibruk. De analytiske metodene er innovative og forskningsresultatene belyser

hvordan norske husholdninger bruker energi i sine hjem.

Avhandlingen bestar av fire empiriske artikler som har fglgende mal: (a) a identifisere
faktorer som pavirker investeringer i oppvarmingsutstyr, og a undersgke hvordan motiver og
miljgholdninger pavirker investeringsvalg relatert til oppvarming i norske husholdninger
(artikkel 1), (b) & utforske en ny metodikk for 8 modellere andelen av ulike energiformer brukt til
oppvarming i husholdningene , og a undersgke effekten av ulike oppfatninger og holdninger til
bioenergi pa valg av husholdningens viktigste varmekilde (artikkel Il), (c) a teste effekten av
livsstilsvariabler pa husholdningenes etterspgrsel etter fyringsved (artikkel IIl), og (d) a
undersgke i hvilken grad prokrastinering og miljgbevissthet pavirker iverksetting av
energisparingstiltak (artikkel IV). Som kontrollvariabler har jeg ogsa tatt in
husholdningsegenskaper (alder, inntekt, utdanning, husholdningsstgrrelse, etc.) og kjennetegn

ved boligen (boligstgrrelse, alder, type osv.) som variabler i modelleringen.

Resultatene viser at oppfatninger om utstyrets utseende, effektivitet, kostnader, tid og
innsats som kreves for & bruke utstyret og miljgpavirkning varierer sterkt mellom de fire
oppvarmingslgsningene (vedovner, pelletsovner, elektriske ovner og luft-til-luft varmepumper).
Oppfatninger om utstyrets oppvarmingsegenskaper og holdninger til ulike energikilder er begge
viktige for a forklare investeringer i nytt oppvarmingsutstyr og valg av hovedvarmekilde
(artikkel I og I1). Folk som har som sitt viktigste motiv a redusere kostnadene har stgrst
sannsynlighet for a investere i varmepumper, mens de som investerer i pelletsovner er mer

opptatt av miljget (artikkel 1). Videre er arlige kostnader og oppvarmingseffektivitet de viktigste



faktorene bak gkende forbruk av fyringsved, mens enkel tilgang til ved og pellets samt
miljghensyn er avgjgrende for a gke andelen av pellets til boligoppvarming (artikkel I1). I artikkel
[l fant vi at urban livsstil og gnsker om komfort var negativt assosiert med etterspgrsel etter
ved. Vi fant ogs3 at tilgang til billig brensel hadde en signifikant positiv effekt pa etterspgrselen
(artikkel 11). Til slutt viste resultatene fra studien av effekten av prokrastinering pa
energisparende atferd at graden av prokrastinering pavirker folks oppvarmings- og
energisparende atferd. Folk som oppgir hgyere tendens til & utsette ting har mindre
sannsynlighet for a engasjere seg i energisparing generelt, og spesielt nar det kommer til
aktiviteter som krever innsats og tid som a investere i nytt utstyr. Det er derfor viktig a sette inn
tiltak som tar sikte pa a redusere prokrastinering for a realisere potensialet for energisparing

(artikkel 1V).

Resultatene fra denne oppgaven og deres implikasjoner viser viktigheten av a ta hensyn
til interne forhold, som for eksempel beslutningstakernes holdninger og oppfatninger, nar man
forklarer folks energiatferd. Den tverrfaglige studietilnaermingen beriker var kunnskap om
individuell beslutningstaking og valg av energilgsninger. Resultatene kan ogsa brukes til a
utvikle en mer effektiv energi-og miljgpolitikk. Vi trenger flere empiriske studier som fokuserer
pa energiforbrukernes atferd fra ulike samfunnsvitenskapelige innfallsvinkler, spesielt fra et

atferdspkonomisk perspektiv.
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1. Introduction
1.1 Background

1.1.1 Energy consumption and climate change

There is a growing interest in improving energy efficiency and reducing energy consumption
and the associated greenhouse gas emissions in every sector of the economy. The International
Energy Agency (IEA) has stated that current trends in energy supply and consumption are
patently unsustainable and must be altered (Van de Graaf and Lesage, 2009). In its efforts to
stabilise and reduce emissions, the EU Commission has prioritised energy issues and set the so-
called 20/20/20 targets: to obtain 20% of its overall energy from renewable sources, to reduce
total primary energy consumption by 20%, and to cut greenhouse gas emissions by at least 20%,
all by 2020 (EU, 2008). The residential sector is a substantial consumer of energy and, in most
European countries, accounts for approximately one-third of the total energy consumption
(EEA, 2008). The transition towards the use of more energy-efficient technologies and
renewable energy resources requires people to make the desired choices and act upon these
decisions. Thus, policies aimed at promoting renewable energy sources or increasing energy
efficiency in the household sector heavily rely on individuals’ daily choices and household

routines (Sovacool, 2009).

The Norwegian government also aims to increase energy efficiency and the share of
renewable energy use to achieve the greenhouse gas emission goals of the 20/20/20 targets
(Klif, 2010). The government wants to reduce the dependence on electric heating, although
Norwegian electricity production is almost entirely based on hydropower. The main reason for
the government’s desire to reduce the dependence on electric heating is the growing demand
for electricity, especially during long and cold winters, such as in 2010. Occasionally, electricity
needs to be imported, which is often generated from fossil or nuclear energy sources® (NVE,
2008). Therefore, households are encouraged to invest in heating equipment based on
renewable energy sources to provide energy in addition to electricity, such as solid biomass

(pellets). Investment in more energy efficient heating equipment is also supported by the

! However, some researchers argue that the electricity trading through the “Nord Pool” market likely cannot
achieve the goals of CO2 emission reduction by replacing imported fuel-based electricity with renewable energy in
Norway. For more details, see research by Fgrsund et al. (2003).



government. In 2003, Enova (a public enterprise owned by the Ministry of Petroleum and
Energy) introduced a programme to provide a subsidy of up to 20% of the total investment
costs for all types of heat pumps (the programme stopped providing subsidies for air-to-air heat

pumps in 2006), pellet stoves and central control systems (Miljgkomiteen, 2002—2003).

Since this time, the installation of heat pumps has increased tremendously, while the
adoption of pellet stoves remains low (Bjgrnstad, 2009). Thus, the dependency on electricity for
heating has not changed. Hence, information about consumers’ preference with respect to
their choice of heating equipment and knowledge about how everyday activities influence
energy use are essential for designing successful energy policy and developing efficient and
sustainable energy consumption patterns (Brounen et al., 2012, Lopes et al., 2012, Swan and
Ugursal, 2009). However, current studies on residential energy use usually focus on either
technical factors or aggregate perspectives, based on time-series data for the entire sector.
Furthermore, most of the existing economic literature on energy consumption focuses on
economic factors, such as price or income (Cayla et al., 2011, Halvorsen et al., 2005, Vaage,
2000, Nesbakken, 1999). Only a few published papers focus on the role of attitudes when
explaining energy consumption (Sopha, 2011). In particular, there is no study on the role of

attitudes and perceptions on Norwegian households’ current energy consumption choices.

The main aim of this thesis is to improve the understanding of Norwegian households’
energy consumption choices. | use information concerning individual household behaviour and
people’s attitudes towards sustainable energy consumption to identify crucial behavioural

barriers and drivers for accelerating the transition to an energy-efficient and low-carbon future.

1.1.2 Norwegian households’ energy consumption for heating purposes

The household is regarded as a social unit in which its members collectively decide on the
issues related to the indoor climate, energy consumption and appliance use. Norwegians value
the heating performance of their heating equipment because of the cold and long winters. In
contrast to most other European countries, in Norway, approximately 40-50% of stationary
energy use in the housing sector is used for heating due to the cold climate (Enova, 2003, SSB,
2009). As a consequence, choices concerning energy use for heating purposes are considered

very important economic decisions for households.
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It is useful to divide choices regarding energy consumption for heating purposes into
investment decisions and utilisation decisions. It is common for Norwegian households to have
more than one type of heating equipment in their residence. A household’s choice of heating
equipment partly reflects the household members’ cultural background and heating
preferences. Moreover, some types of heating equipment serve functions other than heating.
For example, many households install a woodstove or open fireplace for the purpose of home
decoration. This may pose a challenge when studying Norwegian households’ behaviour related

to heating, especially with respect to investment decisions.

The most common types of heating equipment in Norwegian households are electric
space heaters, electric floor heating, woodstoves and air-to-air heat pumps. Ninety per cent of
all households have electric heaters and/or electric floor heating. Woodstoves (or open
fireplaces) are the traditional and second most commonly owned type of heating equipment,
and approximately 70% of households have a woodstove installed in the house (SSB, 2008). It is
common to use different combinations of heating equipment; most common is the
combination of an electric heater, a woodstoves and a heat pump. Because it is so common to
use different heating sources in combination, in many cases, it may be difficult for the
household to determine the main energy source that is used for heating. In the data used in
this dissertation, approximately 70% of households rely on electricity and 20% rely on biomass
(mainly firewood) as the primary heat source. The rest of the households either use fossil fuel
or district heating as main heating source (Lillemo et al., 2013). More information about the

Norwegian household profiles is provided in papers.

Regarding biomass heating, increased use of biomass for heating in Norway is perceived
to have several advantages, such as reducing CO, emissions from fossil fuels (Lee et al., 2011)
and achieving sustainable social development objectives by, for instance, increasing farmers’
income and rural employment (Rosillo-Calle et al., 2007). Traditionally, Norwegians used to
burn firewood to heat their houses, and people generally have positive attitudes towards using
woodstoves. Approximately 50% of the households in the survey reported that they planned to
invest in woodstoves in the next five years (Lillemo et al., 2013). Although a large proportion of
Norwegian households have shifted to electric heating due to the low price and convenience of
electricity, the potential to increase the use of biomass energy remains. From a supply

perspective, biomass resources are abundant and have great potential for increased production
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in Norway (Tromborg et al., 2008, Even, 2005). The Norwegian government has set the goal to
increase the share of biomass energy in the total energy consumption and, in particular, to
increase the share of pellet stoves in the Norwegian heating market (Miljgverndepartementet,
2006, Norwegian-Strategy-Group, 2006). Therefore, studying households’ heating energy

choice behaviour is essential to achieve energy policy goals.

1.2 Research questions and objectives

Households’ choices with respect to energy consumption are highly related to climate change,
gas emission and consumer welfare. For example, when households decide what type of
heating equipment to invest in, they simultaneously determine which energy sources they will
use in the future as well as the efficiency of their energy consumption. Thus, to overcome
consumer barriers or more effectively change consumer behaviour, knowledge of consumer’s
decision making related to energy consumption is of vital importance (Allcott and Mullainathan,

2010). In this thesis, | aim to answer following research questions:
1) Which factors are important when households choose to invest in new heating
equipment?

2) What are consumers’ preferences and attitudes towards using solid biomass energy

for heating purposes?

3) What determines how much biomass energy households actually use, given their type

of heating equipment?

4) Do perceptions and attitudes shape and constrain households’ choice of a primary

heat source?

5) How do an urban lifestyle and comfort concerns affect the demand for firewood in

Norwegian households?

6) Do unobserved time preferences (measured by the degree of procrastination) affect

the households’ energy saving behaviour?

7) How can we encourage, motivate and facilitate sustainable behaviour in daily energy

consumption?

12



For answering the above questions, improved data and empirical research are needed, as the
causal links between factors related to consumer’s energy consumption are not clear and no
systematic studies have been conducted for such a purpose. This thesis adopts an innovative
methodological approach in modelling heterogeneous households’ decision making in terms of
heating energy choice behaviour. | focus on how attitudes and perceptions can help explain
heating choice behaviour. | aim to identify various factors, both external constraints and
internal factors that affect households’ heating choice behaviour. My research can be used to
provide science-based recommendations for energy efficiency and biomass energy
regulatory/incentive policy. Furthermore, it will improve the understanding of the current

policy frameworks, dynamics and institutional barriers.

2. Methods

Decision making refers to the process of evaluating and choosing among alternatives.
Household decisions regarding energy use can be complicated due to a large number of
influential factors. Thus, analysing choices regarding energy consumption provides us with a
very interesting empirical context for studying household or individual decision making. Before
carrying out the empirical work, | briefly review various models and theories on individual

decision making from an energy consumption perspective (see table 1).

2.1 Theoretical framework (decision making models related to energy consumption)

Theoretically, the research approaches for applied studies on energy consumption behaviour
can be guided by disciplinary perspectives that range from economics to psychology and
sociology. Numerous studies examine energy consumption behaviour across these disciplines
(Lopes et al., 2012, Baddeley, 2011, Allcott and Mullainathan, 2010, Swan and Ugursal, 2009,
Wilson and Dowlatabadi, 2007, Wei et al., 2007, Breemhaar et al., 1995, Maréchal, 2010,
Lutzenhiser, 1993). In a detailed review of residential energy use literature, Wilson and
Dowlatabadi (2007) group the decision models in five types: traditional economic models,
behavioural economic models, technology adoption models, attitude-based decision models,
and social and environmental models from psychology and sociology. They suggest that a more
integrated approach is needed for applied research on the design of energy efficiency

interventions.
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Table 1 Comparison of disciplinary approaches to decision making related to energy

consumption behaviour

Main Economics Psychology Sociology
features
Conventional Behavioural | Marketing Technology | social and
microeconomics | economics models adoption environme
models ntal models
Study focus | Purchase of Purchases Purchases Purchase Purchase
products, behaviour, behaviour, and and
household use and use and adoption of | ownership
economics also | disposal disposal new energy | of products,
includes the use | behaviour behaviour technology | the use of
of products in products in
“household the
production” household
Main Quantitative Quantitative Quantitative Quantitative | Qualitative
research (observed (Observed (observed and (surveys,
methods behaviour) behaviour and | behaviour) qualitative observed
controlled (surveys, behaviour)
experiments) interviews,
observed
behaviour)
Main Preferences Preferences Preferences Rate of Self-reports
dependent between decision | between between diffusion of
variables outcomes decision decision behaviour
outcomes outcomes and/or
energy use
Main Costs and benefits | Aspects of the | Factors Adopter role | Norms and
independent | of outcomes and decision underlying in social roles,
variables their respective frame and preferences: networks, sociodemogr
weights context personality, communicat | aphics,
motivations, ion economic
values, channels, incentives,
attitudes, technology lifestyles,
norms, attributes, family
sociodemogra | and
phics leadership
of adopter
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Framework Provide Focus on Information Exploit Identify
for information about | framing and and communicat | and target
influencing benefits and reference persuasion; ion barriers,
energy incentives to points for empowermen | channels design
relevant improve cost- decisions, t through salient and
behaviour benefit ratio and influence social personally
improve cognitive | heuristic networks; relevant
capacity to assess | selection target the information,
benefits/utility; by social recognise the
market emphasising system social role of
transformation; associations surrounding | routine or
internalising or the habitual
externalities; emotive individuals; behaviour,
providing a public | attributes, change manage
good or regulating | control choice agents or expectations
the use of a public | sets institutions;
good and default ensure
options desired
technology
or
behaviour
has key
attributes
Empirical Many Very few Many Some Many
studies

Note: The table is a compilation based on several sources (Wilson and Dowlatabadi, 2007, Brohmann et

al., 2009)

The various disciplinary approaches to decision making in the context of energy use are

summarised and compared in table 1, based on two reviews (Brohmann et al., 2009, Wilson

and Dowlatabadi, 2007). A detailed explanation of each approach is provided in the following

sections. In general, energy consumption behaviour is divided into energy equipment

investment behaviour and utilisation behaviour. The main study methods combine both

guantitative and qualitative methods. Microeconomic approaches rely more on quantitative
methods, while sociological studies more often use qualitative methods. The dependent
variables are usually the preferences of choice outcomes, and they are quite similar across all
approaches, except for sociological approaches, which primarily use self-report forms (such us
focus group) to study people’s energy consumption behaviour. The independent variables, or
the factors that are used to explain energy consumption behaviour, often differ considerably
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among the approaches. For example, conventional microeconomic approaches often focus on
monetary costs and benefit issues and seldom focus on the attitudes or individual differences
of decision makers, while behavioural economics focuses on different aspects of the decision

frame and context.

2.1.1 Conventional microeconomic and behavioural economic decision models

In conventional microeconomic decision models, the consumer’s choice is described as a utility
maximisation problem under a budgetary constraint, with a utility function characterising the
consumer's preferences for consuming varying amounts of different types of commodities
(Mas-Colell et al., 1995). Utility theory and rational choice are the building blocks for
conventional microeconomic decision models. Utility theory is considered a framework for
decisions that weight the utility of a particular outcome by its probability. The term “utility”
measures preferences over some set of goods and services, and it is often regarded as a proxy
for well-being, personal benefit, or the “betterness” of an outcome (Kahneman et al., 2003).
The decision maker is assumed to behave as a rational actor in a normative sense of having
preferences that are known, ordered and consistent. He or she seeks to choose the
combination of consumption that gives the highest utility (Mas-Colell et al., 1995). The rational
actor model can incorporate utility from many different sources (other than money), including

the perceived fairness of the decision process itself (Thaler, 1985).

Regarding energy consumption, it is often assumed that consumers follow their stable
and maximised preference in choosing amounts of consumption or identify the alternatives
from the energy consumption choice set. Thus, most economics studies on household energy
use or user behaviour are based on micro consumption data, and the cost and benefits of
energy consumption outcomes are considered the most important factors (Berkhout et al.,
2004, Bernard et al., 1996, Bin and Dowlatabadi, 2005, Brounen et al., 2012, Cayla et al., 2011,
Deaton, 1997, Douthitt, 1989, Halvorsen and Larsen, 2001, Howden-Chapman et al., 2009, Liao
and Chang, 2002, Nesbakken, 1999, Nesbakken, 2001, Dubin and McFadden, 1984). Although
the decision context matters, perceptions, beliefs and attitudes are usually considered to be
underlying factors of consumer preferences and have not been studied directly in a
microeconomic model, because these types of data are usually not available within empirical

consumption data.
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Behavioural economists seek to integrate a psychological understanding of decision
making into microeconomics. As noted above, utility theory and its applications rest on axioms
of preferences that broadly define rational choice. However, many experimental and field
evidence shows that individuals do not consistently make rational decisions (Camerer and
Loewenstein, 2004). Often, people’s decision making is determined by their perceptions of the
information they receive, rather than actual facts. Time inconsistency, framing, reference
dependence, and bounded rationality are common topics in this literature. In each case,
individual choices violate one or more of the axioms of preferences on which utility theory is
based. In recent years, many behaviour research findings have had important implications for
public policy (Thaler and Sunstein, 2008, Shafir, 2012, Sunstein, 2013, Dolan et al., 2012). For
example, in 2009, the US government set up the Office of Information and Regulatory Affairs
(OIRA) to apply insights from behavioural economics into public policy making by pushing

regulatory issues involving clean air and water, food safety, health care, energy and so forth.

In behavioural economics, decision making concerning energy consumption is more context
dependent. The decision maker’s preferences are not fixed and are not necessary consistent
over time for intertemporal choice. More often, the decisions are made heuristically (by the
rules of thumb)(McCalley, 2006, Baddeley, 2011). Some reviews have summarised the insights
of behavioural economics related to energy consumption, focusing on the endowment effect or
other decision heuristics (Lopes et al., 2012, Baddeley, 2011, Allcott and Mullainathan, 2010).
These studies suggest that in order to reduce residential energy consumption or change
individual energy consumption behaviour, the context in which the decision is made must be
considered. Assessing this context entails using measures such as influencing heuristic selection
by controlling choice sets and default options or emotive attributes (Baddeley, 2011, Dolan et
al., 2012, Wilson and Dowlatabadi, 2007). For example, if government wants to encourage
energy conservation, the information campaign which is framed in terms of losses is far more
effective than is framed in terms of gains(Thaler and Sunstein, 2008). However, still, very few

empirical studies have been conducted in the field.

2.1.2 Other behavioural decision models

There are also some other decision-making models that have been used to study individual

energy use. They differ in terms of the dependent variable of focus and main research method.
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The independent variables are usually psychological and demographic factors, which

occasionally overlap.

Marketing models

The consumer marketing approach emphasises psychological factors combined with contextual
variables. The literature on models studying consumer behaviour and behavioural change for
the purpose of promoting sustainable consumption has been reviewed by Jackson (2005). Some
models of consumer behaviour focus on the internal antecedents of behaviour, such as values,
attitudes and intentions. Others focus more on external factors, such as incentives, norms and
institutional constraints. Some models offer conceptual insights into the psychological
antecedents of behaviour; others illustrate the way in which social norms are contextualised;
still others highlight the impact of different value orientations on behaviour. Some behaviour
studies of energy consumption are based on marketing approaches. These heuristic
understandings help to identify points of policy intervention. The factors underlying energy
consumption choice, such as personality, motivations, values, attitudes, norms and
sociodemographics, are common explanatory variables in these models for energy
consumption (Foxall et al., 2006, Zanoli and Naspetti, 2002, Niemeyer, Salmela and Varho,

2006).

Technology adoption models

Technology adoption models, occasionally also framed as agent-based technology diffusion
models, mainly rely on attitude-based evaluations of technology adoption. In the study of
technology diffusion, the adopter’s role in social networks, the channels of communication, the
attributes of technology, and the leadership of adopters are common dependent variables
explaining the adoption of new technologies. Social networks and technological attributes are
considered to be the key factors. The theory of planned behaviour (TPB) has often been applied
in the area of environmentally relevant behaviour (Ajzen, 1991). It has been used to explain a
wide array of energy technology adoption behaviour, for example, the adoption of heating
equipment in Norway (Nyrud et al., 2008), use of energy-saving light bulbs and use of cars

(Bamberg and Schmidt, 2003) and busses for commuting (Heath and Gifford, 2002).

18



Social and environmental models

Social and environmental decision models from psychology and sociology are used to explore
the influences of information, pro-environmental attitudes, value-belief-norm characteristics,
habits and external conditions, social constructs, organisational behaviour, sociotechnical
systems and the energy decision maker’s cultural and social context on energy consumption
behaviour. The key assumption of the model is that personal norms play important roles in
determining environmental or social consumption choices. The norm activation decision model
was first introduced by Schwartz (1977) to explain helping behaviour from a sociological
perspective. The intensity of moral obligation felt by an individual to perform a behaviour is an
important immediate antecedent of behaviour (Akerlof and Kranton, 2000, Schwartz, 1977).
This approach relies on the explaining power of norms and roles, sociodemographics, economic
incentives, lifestyles and household characteristics. Usually, qualitative data analysis is
employed by interviewing consumers (Wilhite et al., 1996, Vlek et al., 1995, Wei et al., 2007).
Self-report forms are commonly used for empirical studies. By contrast, quantitative studies

relating lifestyles to energy choices are scarce.

2.1.3 Integrated behavioural study approach

Jackson (2005) notes that decision models that are good for providing a heuristic understanding
are not necessarily good for empirical testing, and vice versa. A good conceptual model
requires a balance between parsimony and explanatory completeness. This thesis adopts an
integrated behaviour approach based on conventional economics, behavioural economics,
consumer psychology, attitude-based behavioural theory and sociological identity models. The
dependent variables are the households’ heating energy use, heating equipment purchases and
energy saving behaviour. The use of different energy sources and behaviour related to energy

savings appeared to be related to different sets of factors.

As McFadden (2001) mentioned in his Nobel Prize lecture, economic choices are shaped
by both standard preferences and cognitive and psychometric effects. It is necessary to include
more relevant choice data in order to better explain consumer behaviour. Consumer attitudes
play an important role in this psychological decision-making process. Abrahamse and Steg
(2009) also suggest that energy use is determined by sociodemographic variables, whereas

changes in energy use, which may require some form of (cognitive) effort, appear to be related

19



to psychological variables. Including psychological or sociological variables into conventional

economic analyses would help to better explain the consumer’s energy consumption.

Choices concerning which energy sources to use and how much of each to consume
depend on both internal factors, such as people’s attitudes towards the environment and
energy use, norms, time constraints and comfort needs, and external factors, such as
investment costs, energy costs and the type, size and age of the dwelling. Energy consumption
behaviour can be considered to reflect the preferences of the household concerning heating
energy consumption. For example, a household’s choice to heat a particular room might reflect
their attitudes to heating sources, time required and the environment. Tailored energy
consumption recommendations and incentive policies thus need to consider both technical and

consumer behaviour perspectives.

Figure 1. Determinants of household heating choice behaviour

T

N
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Note: External factors are presented in the blue boxes, and internal factors are presented in the

green boxes. Inspired by McFadden (McFadden, 1986, McFadden, 2001).
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Figure 1 shows some important links in the process of household decision making with respect
to particular heating consumption choices. The interrelationships between the different groups
of variables and their influences on behaviour vary according to the specific situation of the
consumer and their heating choice behaviour (i.e., investment in or utilisation of heating
equipment). Energy consumption is directly determined by people’s behaviour, which is shaped
by consumer’s preferences. Consumer’s preferences are influenced both by internal and
external factors. First, the decision is constrained by external factors, such as the dwelling
characteristics, the climate, socioeconomic factors and governmental regulations. At the same
time, the decision is shaped by various internal factors, such as the consumer’s social identity,
time preference, lifestyle, attitudes and perceptions of energy sources. In terms of attitudes,
not only the direction but also the strength or degree of the attitude is important in influencing
consumer behaviour. Meanwhile, information and experience play an important role in forming

perceptions and thus affecting behaviour.

In this thesis, individual internal factors, such as consumers’ attitudes and perceptions
of the attributes of different heating equipment and energy sources, investment motivations,
lifestyles and personal time preferences, are introduced into conventional economic analysis of
consumer behaviour. In many cases, the internal factors are quantified using psychological
measures and introduced into econometric models. The goal is to measure the influence of

these factors on daily heating choice behaviour.

2.2 Household survey data

The empirical studies in this thesis are mainly based on two Norwegian household survey
datasets. The first data set is the Norwegian Survey of Consumer Expenditure (NSCE) for the
years 1997 and 1998, conducted by Statistics Norway (Kleven and Roll-Hansen, 1999). The
second is a self-collected data set from a web survey with 1860 participants. To measure the
effect of temperature on household choices, information about annual local heating degree
days (HDD) from the Norwegian Meteorological Institute is used. The annual HDD is the number
of degrees that the average daily temperature is below 17°C over a year. HDD is observed by
municipality and merged onto our survey. Larger HDD values indicate colder temperatures and

thus a greater need to use energy to heat a residence (Benestad, 2008).

21



2.2.1 Norwegian Survey of Consumer Expenditure

In paper lll of this thesis, we apply the data set from the Norwegian Survey of Consumer
Expenditure (NSCE) conducted by Statistics Norway. The sample in the NSCE is drawn randomly
from the Norwegian population, and each drawn individual is attached to a family. The
interview object in both the main survey and the supplementary questionnaire on energy is
the househod member in charge of purchases. The Norwegian NSCE contains information
concerning household expenditures on a wide range of goods, including firewood. It contains
information about, among other things, the amount of firewood acquired (purchased, chopped
by the consumer, or received as a gift) during the last 12 months, measured in volumes (sacks).
The survey also contains information about the characteristics of the household and

residence.

In both the 1997 survey and the 1998 NSCE survey, a supplementary questionnaire was
included, containing questions about household attitudes towards energy consumption, as well
as questions concerning lifestyle and environmental concerns. Of the original sample of 2,000
households, 1,361 households completed both the main survey and the supplementary energy
guestionnaire. Of these, 1,155 observations remained after excluding missing values and errors

in the data.

2.2.2 UMB household heating energy survey

The second dataset is based on a nation-wide household web survey with 1860 participants,
conducted in November 2010. These data are used in papers |, [l and IV. The households are
drawn from two different samples/populations: the first was drawn from TNS Gallup’s web-
panel, and the second was drawn from the database of applicants for grants from Enova SF,
which is the Norwegian government’s agency for handling subsidies for alternative heating
equipment in households and businesses. Henceforth, | refer to the former subsample as the
Gallup sample and the latter subsample as the Enova sample. The total sample is referred to as
the Combined sample. The response rates were 46% for the Gallup sample and 43% for the
Enova sample.2

The Gallup sample is a national, randomly selected sample, representing a cross-section
of the Norwegian population. However, for the purposes of our analysis, the Gallup sample

contains too few observations of less frequently used heating equipment, such as pellet stoves,

2 Unfortunately, | do not have information about the respondents who chose not to participate, and therefore, | cannot
conduct a non-response bias analysis on these data.
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to identify why people do or do not choose these types of heating sources. | therefore
supplemented the Gallup sample with the Enova sample, which includes households that have
installed a pellet stove. The Enova sample is randomly drawn from the database of Enova
applicants. For this reason, the Enova sample is not representative of the Norwegian population.
To correct for this, in papers | and I, we generate sampling weights in the Enova sample to
balance the proportional differences between the random Gallup sample and the choice-based
Enova sample (Waldman, 2000). Weights are generated based on the different rates of pellet
stove ownership in the Enova and Gallup samples.

The same questionnaire was administered to both the Gallup sample and the Enova
sample. The questionnaire contains four parts. In the first part, respondents are asked about
their current place of residence, including its type, age, size, ownership status and main heating
source. In the second part, the respondents are asked about the existing heating equipment
and their perceptions about the most commonly owned equipment. The respondents are asked
to compare woodstoves, pellet stoves, electric heaters and air-to-air heat pumps with respect
to the attributes of the equipment, such as the cost, effectiveness, environmental friendliness,
indoor air quality, and time and effort required to use the equipment. The third part of the
guestionnaire elicits the respondent’s attitudes towards using biomass for heating in terms of
its environmental and socioeconomic contribution. The same seven-point scale is used for all
attitude and perception questions. For each statement, the respondents indicate their
perceptions on a seven-point scale, where 1 = strongly disagree and 7 = strongly agree. Lastly,

in the last section, demographic factors, such as income, education and age, are recorded.

2.3 Microeconometric modelling based on discrete choice analysis

The data analyses in these empirical studies are mainly based on discrete choice analysis.
Random utility maximisation theory is the core of discrete choice analysis in studying choice
behaviour from an economic perspective. It assumes that the individuals maximise their
(random) utility and choose the alternative that will give them higher utility than the available

alternatives (Manski and Lerman, 1977, Ben-Akiva and Lerman, 1985).

Theoretically, the discrete choice model is based on a latent variable approach, which

can be expressed as follows:
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Vi =Bo + Bixi + & (1)

where V;* is an unobservable magnitude, which can be considered the net benefit from taking a
certain action, such as an investment decision, purchase or use of certain heating equipment
(e.g., heat pump, wood stoves). In economics, we call this ‘representative utility’, while it is
referred to as ‘satisfaction’ in psychology. x; is a vector of relevant explanatory factors that we
expect to influence the household’s action. 3, is a constant term. 3; represents the estimated
parameters for choice models by using maximum likelihood techniques. We cannot observe the
net benefit, but we can observe the outcome of the individual having followed the decision rule.
For example, in paper IV, | observe whether the individual did (y=1) or did not (y=0) perform
energy saving activities, such decreasing the room temperature when the room is vacant. For a

Logit model, by modelling the probability that a household makes a choice, we can get:

exp(XB) (2)

Pr(y = 11X) = T+ exp(XB)

. . . a . .
The estimated coefficients [3; do not measure the marginal effects a_i’- due to the non-linearity

1

of the cumulative distribution function. However, one can deduce the marginal effects using
certain transformation techniques. g; is the disturbance term, which is assumed to satisfy the

standard assumption of the Logit model.

For the multinomial Logistic model, the dependent variable in the analysis consists of
multiple choices rather than a binary choice. For example, in paper I, the household has to
choose one particular energy source as their primary heat source from certain alternatives. The
choice set consists of 5 unordered heating sources, such as electricity, firewood, pellets, fuel oil
and other. Unordered choice models can be based on a random utility framework (Maddala
and Flores-Lagunes, 2007, Train, 2003). A household i, i=1,...,n, chooses from a finite set of

alternatives, j=1,...,m. The utility of alternatives j is
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Hij = Bijxi + &ij (3)

where Xx; are the explanatory variables, such as the household characteristics and dwelling
characteristics, and g;; is the error term. Errors are specified as independently and identically
distributed according to the type | extreme value distribution. A household is observed to have
chosen alternative j when the utility from alternative j is the highest of all of the alternatives.

The probability of household i choosing heating source j is given by

exp(B;x;) (4)
1+Y)_ exp(Bexy)

Prob(energy source;) = P;; =

The marginal effect of a change in variable x; is equal to:

(5)

J
aPij=P" ﬁ'—zp'kﬁk
0x; i e '

Multinomial Logit models can be used when the alternatives in the choice set are mutually
independent, i.e., the probability of choosing a particular alternative is irrelevant to the
presence of other alternatives (it follows the independence of irrelevant alternatives (lIA) rule)
(Train, 2003). If the llA rule is violated, a mixed Logit model would be a better option. A mixed
Logit model addresses the heterogeneity of consumer preferences via random coefficients (i.e.,
the preference coefficients are random variables that are distributed over the population) and
avoids the restrictive substitution patterns of the multinomial Logit model (Train, 2003). We use

this model in paper I.

The potential explanatory variables are related to not only external factors, such as
socioeconomic incentives, buildings, and infrastructure that restricts the decision maker, but

also internal factors, such as motivations, perceptions, attitudes and time preferences. Both
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psychological and sociological factors are used as explanatory variables in the discrete choice

models, and | attempt to deduce their potential impact on energy consumer behaviour.

3. Thesis content, main results and implications

Different choice models were chosen according to the characteristics of the different
dependent variables. By modelling the households’ heating choice behaviour, the goals are to
identify which factors matter with respect to households’ heating choice behaviour, including
their investment, utilisation and conservation decisions.

Paper 1: Households' heating investments: The effect of motives and attitudes on choice of
equipment®

Research questions and method

This study investigates how attitudes, motivations, residence characteristics and socioeconomic
factors relate to households’ investments in four types of heating equipment: wood stoves,
pellet stoves, electric ovens and air-to-air heat pumps. Based on the combined sample from the
UMB household energy survey, we used revealed preference data, i.e., what households have

already invested in, to study heating equipment choices.

The data from the Enova sample were adjusted according to the weights in the Gallup
sample. Economic behavioural modelling was used to construct the analysis framework, and a
mixed Logit model was applied in the analysis of investment choice among woodstoves, pellet

stoves, electric heaters and air-to-air heat pumps.

Main results and implications

We found that 52% of the households had invested more than NOK 3000 in heating equipment
in the previous 10 years and that 34% of those invested in at least two types of heating
equipment. The perceptions concerning the appearance, efficiency, cost, time and effort
required to use the equipment, and environmental impact differed greatly among the four
types of heating equipment. Motivations, environmental attitudes, residence characteristics
and demographic factors played an important role in the households’ likelihood of investing in

heating equipment and choice of heating equipment.

® This paper was co-authored with Frode Alfnes, Bente Halvorsen and Mette Wik and was published in a special
issue of Biomass and Bioenergy: Bioenergy Market, 2013.
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Decisions to invest in heating equipment are affected by both economic factors, such as
cost and income, and noneconomic factors, such as residence characteristics, demographics,
attitudes towards the environment, time preferences and willingness to dispose of old
equipment. The motivation to save costs had a significant effect on the investment likelihood
for heat pumps. Woodstoves are popular, both for heating and as house decorations. The
majority of the households that had invested in new equipment were motivated by reducing
heating costs. People whose main motivation is to reduce costs were more likely to invest in
heat pumps, whereas investors in pellet stoves were more concerned about the environment.
Woodstoves are the most popular of the four types of equipment, while pellet stoves are the
least popular. This difference in the popularity of woodstoves and pellet stoves may be due to
the perceptions of the two heating sources. Stakeholders in the pellet stove industry should
improve their product in several ways. First, households must be able to obtain pellets easily.
Second, the investment costs and annual heating costs must be competitive with other heating
sources. Lastly, an improved aesthetic appeal will probably also increase the use of pellet

stoves.

Being environmentally aware seems to reduce a consumer’s likelihood of investing in
new equipment. However, environmental awareness does seem to increase the likelihood that
a household purchases biomass-based heating equipment if they decide to invest in heating
equipment. It is thus not obvious whether increasing environmental awareness would boost
market demand for biomass-based heating equipment.

Paper 2: Warming up with electricity, firewood, pellets or fuel oil? Modelling how perceptions
and attitudes affect the share of biomass in household energy consumption®

Research questions and method

In this study, we investigate whether heating perceptions concerning different heating
equipment, environmental attitudes and residence and household characteristics affect
households’ likelihood of selecting a particular heat source as the primary heat source.
Norwegian households usually contain more than one type of heating equipment. It is common
to use electricity together with firewood and/or other types of fuel to heat a residence. People
often have a choice between different heating equipment to heat their residence, even in the

short run with no new investment in heating equipment. Therefore, the particular energy

* This paper was co-authored with Bente Halvorsen.
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sources that are used for heating depend on not only the heating equipment that is owned by
the household but also the households’ perceptions concerning the equipment and their usage

behaviour.

The data were from the UMB household energy survey and were based on the Combined
sample. In this study, we used a multinomial Logit model to model the choices among
electricity, firewood, pellets, fossil fuels and other. The data in the Enova sample were adjusted

according to the weights of the share of pellet stoves in the Gallup sample.

Main results and implications

When the respondents were asked about primary heat source, 70% reported using electricity as
their primary heat source, 20% reported using firewood, 5% reported using fossil fuels, and less
than 1% reported using pellets as their main heating source. Even in the households with a
pellet stove installed, 28% reported that they use electricity as their primary heat source. We
found that perceptions concerning the heating equipment attributes, such as the heating costs,
effectiveness, time and effort needed to operate the equipment and indoor air quality, affect a
household’s choice of heat source. In particular, perceptions of the environmental friendliness
of the equipment are important with respect to the choice of pellet stoves as the primary heat
source. Heating effectiveness and low costs are reasons that many households still keep
firewood as their primary heat source. The positive attitude towards the use of firewood and
heat pumps as heating sources reduces the likelihood that households would use pellet stoves
as the primary heat source. The heating equipment that is installed in the residence also plays a
key role in the choice of the primary heat source. For example, an installed heat pump
significantly reduces the likelihood that a household would use firewood or a pellet stove as the

primary heat source.
Paper 3: The impact of lifestyle and attitudes on residential firewood demand in Norway®

Research questions and method

After electricity, firewood is the second most important source of household heating in Norway,
but its share in total energy consumption for heating has decreased significantly, now
accounting for less than 20% of household energy consumption used for heating. The

Norwegian government wants to reduce the reliance on electricity in residential space heating.

® This paper was co-authored with Bente Halvorsen and was published in a special issue of Biomass and Bioenergy:
Bioenergy Market, 2013.
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We analysed the determinants of the demand for firewood in Norwegian households, focusing
on intrinsic factors such as lifestyle and attitudes towards the environment, as well as

household socioeconomic characteristics.

We used data from the Norwegian Consumer Expenditure Survey and a supplementary
guestionnaire on energy consumption and lifestyle. Social identity modelling was used to
construct the analysis framework. We applied a zero-inflated negative binomial model to

correct for over-dispersion and the excessive number of zeros in the data.

Main results and implications

The results indicate that an urban lifestyle and concerns for comfort are negatively associated
with firewood demand. In addition, the price of firewood has had a strong negative effect on
demand. However, the most important determinants of household firewood demand are the
residence characteristics, including the location, and household characteristics, such as age and
income of the household members. Households with a more urban lifestyle use significantly
less firewood. We found that a one-unit increase in the urban lifestyle index results in about a
15% decrease in the number of sacks of firewood acquired. These results indicate that
households that frequently participate in urban activities, such as going to the cinema or
restaurants, use less firewood than other households, ceteris paribus. Households that score
high on the comfort index are also likely to consume less firewood. Thus, woodstove
technologies that require less labour may increase the use of biomass energy in Norwegian
residences. Cheap access to firewood is one of the most important factors in explaining
firewood consumption in Norwegian households; thus, economic considerations are very
important when determining how much firewood is used for heating. Households in
farmhouses in the countryside rely more on firewood for space heating.

Paper 4: Measuring the effect of procrastination and environmental awareness on energy
saving behaviours: an empirical approach®

Research questions and method

A common finding in behavioural economics is that people often procrastinate, i.e., keep
postponing tasks or decisions that have been planned and need effort to be executed.
Procrastination may have an even greater effect on inter-temporal energy choices, since energy

is an abstract, invisible and intangible commodity. This study evaluates how procrastination and

® This paper was written independently and has been resubmitted to Energy Policy, after revision.
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environmental awareness influence people’s heating energy conservation behaviour, either

through curtailment behaviour or efficiency behaviour.

| used data from the UMB 2010 household energy survey, which includes information on
households’ heating energy saving behaviour, degree of procrastination, environmental
awareness and other dwelling and household characteristics. Latent variables were generated
by factor analysis. Binary choice models were chosen to deduce the factors that influence

household heating energy saving behaviour.

Main results and implications

People with a higher tendency to procrastinate are less likely to engage in heating energy saving
activities in general, especially with respect to activities that demand effort and time, such as
investing in new equipment. More environmentally concerned people are significantly more
likely to exhibit curtailment behaviours, such as reducing the indoor temperature when they
are away and warming up smaller parts of their residence. Some measures to overcome
procrastination are needed in policy design in order to encourage energy saving behaviour. For
example, innovative measures aiming to increase awareness of the future gains of energy
saving, such as feedback systems and commitment devices, are needed to increase people’s

energy saving behaviour.

4. Conclusions

The Norwegian government has made recent efforts to increase energy efficiency and the
consumption share of renewable energy sources other than electricity in the residential sector.
The successful implementation of environmentally friendly energy policies requires an
understanding of consumer behaviour. By modelling the consumers’ energy related decisions,
we can identify the barriers to and drivers of sustainable energy consumption. This research
provides a better understanding of energy consumption for heating purposes in Norwegian
households. The selected equipment used in the papers in this research are either the most
commonly used types of heating equipment (such as electric heaters, air-to-air heat pumps,
woodstoves or fireplaces) or policy-relevant heating equipment (pellet stove) in Norway. Based
on micro-level survey data and discrete choice modelling, the empirical studies cover topics
such as decisions regarding heating equipment investments, determinants of the choice of the

main heating source, demand level for firewood and the degree of energy saving.
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Overall, behavioural factors play an important role in predicting the households’ heating

choice behaviour. This finding confirms what Sopha (2011) claims in her recent study in Norway,

namely, that we need interdisciplinary studies in order to understand changes in households’

energy consumption behaviour. The empirical results provide a better understanding of

consumers’ energy consumption behaviour. The major contributions of the research are listed

below.

4.1 Contributions

1.

Interdisciplinary approach: This study includes economical, psychological and sociological
factors to understand consumer decision making related to energy consumption. Empirical
analyses are carried out using perspectives from economic theory, consumer psychology,
social science and behavioural economics. The results provide comprehensive insights into
households’ decision making.

Methodological contribution of modelling multiple energy sources: In paper Il, we develop a
method to deduce the factors that may increase the consumption share of various energy
sources. This is important because most Norwegian households are already able to use
several energy sources for heating, and the use of already existing heating equipment is
important for explaining the consumption share of various energy sources in the short run.
Moreover, because firewood, pellets and fuel oils are storable goods, their consumption
shares are difficult to measure. By examining factors that increase the probability that a
household chooses a particular energy source as the primary heat source, one can explain
the determinants of changes in the consumption share of an energy source.

Innovative explanatory variables: We use behavioural factors (such as perceptions and
attitudes) to model energy-related choices. For example, in paper Ill, we aim to explain
households’ firewood demand partly by consumers’ lifestyle and comfort index. In paper IV,
| use consumers’ degree of procrastination to explain their energy saving behaviour. As far as
I know, such research has not been done before. Importance of attitudes and perceptions:
Norwegian consumers have positive attitudes toward traditional biomass heating sources,
such as woodstoves. However, the perceptions of various heating equipment attributes
differ considerably among the four selected types of heating equipment. This finding

explains in part why the market shares for these types of heating equipment vary so much.
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The unpopularity of pellet stoves, for instance, could be due to the more positive
perceptions of alternative heating equipment, such as woodstoves and heat pumps.
4. Psychological variables explaining heating investment decisions: Findings from paper |

suggest that some psychological variables are highly associated with households’ heating

investment decisions. For example, consumer’s time preferences, willingness to discard old

equipment and concerns for the environment significantly affect their investment decisions.

Moreover, different purchase motivations are closely related households’ heating
equipment choice. For example, the motivation to save costs increases the likelihood that
household invests in a heat pump.

5. Procrastination is identified to negatively affect energy saving behaviour. The empirical

a

analysis from paper IV reveals that people with a higher tendency to procrastinate are less

likely to engage in energy saving activities in general, especially with respect to activities
that require more time and effort, such as investing in new equipment. Being a
procrastinator might also reduce the positive impact from environmentally motivated

energy saving behaviour. Effective and innovative measures aiming to increase awareness

of the future benefits of energy savings, such as feedback systems or commitment devices,

are needed to increase energy efficiency and energy saving behaviour.

4.2  Future study suggestions

This thesis provides noteworthy information about the behavioural determinants of
households’ energy consumption decisions. An examination of the determinants of heating
energy consumption, or demand at the micro-level, would improve our understanding of the

energy-related behaviour of households and aid the design of policies aimed at increasing

alternative renewable energy consumption or lowering carbon intensity in energy consumption.

However, this thesis has certain limitations. In particular, this research focuses on
individual choice data. It would be interesting to combine behavioural data and the accurate
household energy consumption data to capture the effect of energy user behaviour. It also
should be noted that this study primarily concerns energy consumption behaviour in Norway,
which is among the countries with the highest income and labour costs. We should therefore

be careful when generalising from these results and implications to other countries.
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Furthermore, more studies aiming to incorporate insights from behavioural economics
are needed to better understand peoples’ energy consumption behaviour. For example, in
paper IV, procrastination is identified to negatively affect heating energy saving behaviour. This
finding could be further explored in studies in other types of environment-related behaviour.
Furthermore, experimental economic techniques could also be applied to measure people’s
degree of procrastination more accurately or to determine how to design effective
commitment devices. Generally, more empirical studies from a behavioural economics
perspective are needed to evaluate additional measures that assess behavioural change.
Studies focused on decision making related to energy consumption will help to improve policy
frameworks and thus improve the effectiveness of policies aimed at improving energy

efficiency and changing people’s energy consumption behaviour.
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This paper reports on an online survey conducted in Norway to investigate how attitudes,
motives, residence characteristics and socioeconomic factors relate to households’ in-
vestments in four types of heating equipment: woodstoves, pellet stoves, electric heaters
and air-to-air heat pumps. First, we find that perceptions about characteristics such as
appearance, efficiency, cost, time and effort required to use the equipment, and environ-
mental impact differ greatly between the four types of heating equipment. Second, we find
that 52% of the households invested more than €375 in heating equipment in the previous
10 years, and that 34% of those invested in at least two types of heating equipment. Third,
using discrete choice models, we find that motive, environmental attitude, characteristics
of the residence and demographic factors affect households’ heating investment likelihood
and choice of heating equipment. For example, we find that people whose main motive is
to reduce costs are more likely to invest in heat pumps, whereas investors in pellet stoves
are more concerned about the environment.

Household heating

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

In order to achieve sustainable development, the use of
renewable energy carriers and improvements in energy effi-
ciency have become high on the political agenda in many
countries, including Norway [1,2]. In particular, the use of
biomass has attracted great attention because of its perceived
role in reducing CO, emissions by partly replacing fossil fuels
while also achieving sustainable social development objec-
tives [3]. Furthermore, the Norwegian government wants to
reduce reliance on electricity in residential space heating [4]
and improve energy saving and efficiency [5]. Therefore,
Norwegian households have been encouraged to invest in
heating equipment based on renewable energy sources, such
as pellet stoves, efficient woodstoves and heat pumps [6].

Achieving these goals and developing an efficient environ-
mental and energy policy require better understanding of
consumers’ choice of heating equipment, in terms of what
affects their decisions on whether to invest in new heating
equipment and on what type of equipment to invest in.

The choice process is shaped by both economic factors,
such as cost and income, and cognitive elements, such as
subjective norms, attitudes and perceived controls [7,8]. In the
case of heating investments, consumers make their choices
subject to a series of economic and noneconomic constraints.
The latter could be physical constraints (e.g., characteristics of
the residence such as its age or size) and/or legal constraints
(e.g., ownership status, regulations and legislation). Heating
investment behavior is also shaped by consumer attitudes
regarding the expected performance of the equipment and the
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energy sources being used [9,10]. Although investing in new
heating technology is a way to improve heating performance
and energy efficiency, such investments can also fulfill other
needs, such as increasing comfort and/or improving the
appearance of the home.

Most previous heating equipment choice studies empha-
size the effects of income and prices on household energy
consumption [11-17]. However, a few Nordic studies have
included consumers’ attitudes when explaining household
investment in new heating equipment [9,10] [17]. Nyrud et al.
[9] documented that heating performance, perceived time and
effort required to operate the stove, environmental effects and
perceived subjective norms influenced households’ choices of
woodstoves. Sopha et al. [10] found that communication be-
tween households and the perceived importance of heating
equipment attributes affected households’ plans for future
investments in heating equipment. Mahapatra and Gus-
tavsson [17] showed that economic aspects, functional reli-
ability and indoor air quality were the important influencing
attributes when households were choosing a heating system.
However, each of these three studies has several limitations.
For example, Nyrud et al. [9] studied only households in the
city of Oslo that had received a subsidy for replacing an old
woodstove with an improved woodstove. Sopha et al. [10] and
Mahapatra and Gustavsson [17], on the other hand, based
their study on stated preference data, that is, what house-
holds would do if they were to invest in the future.

This study provides insights into consumer motives in
purchasing energy efficient and environmentally friendly
products, using a representative Norwegian sample and
revealed preference data, that is, what households have
already invested in. The empirical data are from a web-
based survey that asked Norwegian households about their
heating investment choices during the previous 10 years. We
focus our analysis on investments in four types of heating
equipment: woodstoves, pellet stoves, electric heaters and
air-to-air heat pumps (hereafter called heat pumps). Wood-
stoves and pellet stoves use bioenergy, whereas electric
heaters and heat pumps use electricity. First, we investigate
households’ perceptions regarding the characteristics of
each type of heating equipment, such as appearance, effi-
ciency, cost, time and effort required, and environmental
impact. Second, we examine what proportion of households
have invested in heating equipment in the previous 10 years,
and how many invested in multiple types of heating equip-
ment. Third, we investigate what influences households’
decisions to invest in new heating equipment, and which
factors determine what type of equipment they choose. In
the investment analysis we take into consideration intrinsic
factors such as motives, attitudes, perceptions and person-
ality, in addition to socioeconomic factors and characteris-
tics of the residence.

2. Material
2.1. Online survey

We use data from a household online survey conducted in
Norway in November 2010. The total 1860 participants were

drawn from two populations: the first sample was drawn from
TNS Gallup’s web panel, and the second from the database of
Enova, the Norwegian government’s agency for handling
subsidies for alternative heating systems. Henceforth, we
refer to the former subsample as the Gallup sample, the latter
subsample as the Enova sample and the total sample as the
Combined sample.

The Gallup sample is a national randomly selected sample,
representing a cross-section of the Norwegian population.
However, for the purposes of our analysis, the Gallup sample
contains too few observations of investment in less frequently
used equipment, such as pellet stoves. This makes it impos-
sible to identify why people choose these types of equipment.
We therefore needed to supplement the Gallup sample with
the Enova sample, which includes information about house-
holds that have applied for a subsidy from Enova to invest in
a pellet stove, large heat pump or other energy saving equip-
ment. The Enova sample is randomly drawn from the data-
base of Enova applicants.

The same questionnaire was administered to both the
Gallup and the Enova samples. The questionnaire contained
four sections. In Section 1, we asked about the respondents’
current residence, including its type, age and size, and the
resident’s ownership status. We also asked about the pre-
ferred living room temperature. In Section 2, respondents
were asked about the existing heating equipment and in-
vestment in heating equipment during the previous 10 years.
If households did invest, we asked for more details about their
investment motives, subsidies received and similar informa-
tion. Section 3 of the questionnaire elicited responses on
perceptions of types of heating equipment, attitudes toward
the environment and personality traits. For example, re-
spondents were asked to compare woodstoves, pellet stoves,
electric heaters and air-to-air heat pumps with respect to
equipment attributes such as cost, environmental friend-
liness, air quality, and time and effort required. For each
statement, they indicated their perceptions on a seven-point
scale where 1 = strongly disagree and 7 = strongly agree. We
used the same seven-point scale for all attitude and percep-
tion questions. Finally, in Section 4 we asked about de-
mographic factors, such as income, education, age and
household size.

The response rates were 46% for the Gallup sample and
43% for the Enova sample." The average age of respondents in
the Combined sample is 47 years and the average household
annual income before tax is €74,000—100,000 (1 Euro = 8 NOK;
see Table 1). More men than women answered the ques-
tionnaire in both samples, and the share of men was sig-
nificantly higher in the Enova sample than in the Gallup
sample. The latter most likely reflects the fact that families
applied to Enova for a heating investment subsidy in the name
of the husband and that we therefore obtained the name of
the man from the Enova database. In addition to the gender
difference, there are also several minor, although statistically
significant, differences between the two samples. Re-
spondents in the Enova sample are younger and more

! Unfortunately, we do not have information about the re-
spondents who chose not to participate, and therefore cannot
conduct any nonresponse bias analysis.
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Table 1 — Description of the survey sample.

Variables Measurement Combined sample Gallup sample Enova sample
Mean Std Mean Std Mean Std
Family income Eight-point scale 4.23 (1.58) 3.93 (1.56) 4.57 (1.54)
Household size Five-point scale 2.73 (1.22) 2.32 (1.07) 3.21 (1.21)
Education Five-point scale 3.44 (1.15) 3.37 (1.16) 3.52 (1.13)
Age of respondent In years 47.87 (12.53) 48.96 (12.99) 46.59 (11.83)
Female Dummy 0.33 (0.47) 0.46 (0.50) 0.17 (0.38)
Size of residence Six-point scale 3.56 (1.14) 3.24 (1.13) 3.95 (1.02)
Age of residence In years 38.99 (23.71) 40.51 (22.61) 37.21 (24.83)
Years in residence In years 14.18 (12.74) 15.61 (13.33) 12.49 (11.79)
Sample size 1860 1004 856
Response rate Percent 45 46 43

educated, have a higher income and bigger household, live in
a newer house and moved to the current residence more
recently than respondents in the Gallup sample.

To measure the effect of differences in climate on
a household’s choice of heating equipment, we use local
heating degree days (HDD) from the Norwegian Meteoro-
logical Institute, defined as the accumulated difference in
degrees Celsius between the daily mean temperature (when it
is < 17 °C) and a threshold temperature of 17 °C over one year.
HDD has been found to be a good indicator of heating re-
quirements. The greater the HDD the greater the energy de-
mand to heat the house [18].

In our samples, 78% of the households have electric space
heating and 64% have electric floor heating. Woodstoves are
the second most common form of heating equipment: about
69% of households have a woodstove and/or a fireplace. The
proportion of households owning an air-to-air heat pump is
26%. Only about 5% of the households own an oil/paraffin
stove and/or a central heating system fueled by oil. As the
Enova sample is drawn from the database of prior applicants
to Enova, the share of households owning pellet stoves in the
Enova sample is 31%, which is much higher than the share in
the Gallup sample (0.5%).

2.2. Perceptions of the types of heating equipment

Perceptions play a very important role in consumer decision
making process [8]. It is usually the perceived attributes,
rather than the actual attributes, that determine choices.
Table 2 provides information about households’ percep-
tions of the attributes of each type of heating equipment. In

general, woodstoves scored high on appearance, effectiveness
in warming up the house and heating costs, but respondents
perceive that woodstoves require more time and effort to
operate, as do pellet stoves. Pellet stoves are considered to be
environmentally friendly, although not as much as heat
pumps. Households also think that it is more difficult to get
hold of pellets than firewood. Electric heaters are perceived as
the best choice in terms of low investment costs and indoor
air quality. Households perceive heat pumps to be the best
investment in terms of operating cost, indoor air quality,
environmental friendliness and effectiveness in warming up
the house; however, heat pumps are perceived to have high
investment costs and they scored low on appearance.

Each type of heating equipment has its own advantages
and disadvantages, and no one type scores highest for all at-
tributes. Households are likely to choose the equipment they
think will best meet their specific needs.

2.3. Investment choices

In the Gallup sample, 52% of survey respondents reported that
they had invested in atleast one piece of heating equipment in
the previous 10 years.

Table 3 shows the frequency of heating investment by
Norwegian households. Results from the Gallup sample and
the Enova sample are reported separately. Column 1 reports
the frequency of investment in each of the four types of
heating equipment. Columns 2 to 5 give the percentage of
households that invested in a second piece of equipment,
having also invested in the equipment reported in column 1.
The proportions of households investing in woodstoves, pellet

Table 2 — Mean scores of perceptions of attributes of each type of heating equipment.

Perception of attributes

Electric oven

Firewood stove

Pellet stove

Air-to-air heat pump

Investment cost is low 5.67 (1.63) 3.75 (1.65) 2.59 (1.49) 3.08 (1.70)
Annual heating cost is low 2.79 (1.58) 5.09 (1.67) 4.03 (1.68) 5.22 (1.55)
Effectively warms the house 4.32 (1.75) 5.39 (1.49) 5.17 (1.48) 5.85 (1.27)
Difficult to obtain heating fuel 1.83 (1.40) 3.67 (1.95)

Environmentally friendly 4.23 (1.98) 4.29 (1.71) 5.12 (1.47) 6.09 (1.13)
Takes much time and effort 1.31 (0.84) 4.17 (1.74) 3.82 (1.53) 1.62 (1.16)
Worsens air quality 4.32 (1.84) 3.55 (1.71) 3.33 (1.48) 2.65 (1.69)
Its appearance fits the house 4.81 (1.87) 5.48 (1.69) 4.35 (1.94) 3.85 (2.01)

Note: Means with standard errors in parentheses. All items are measured on a 7-point scale, where 1 = strongly disagree and 7 = strongly agree.

Gallup sample: N = 1004.
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stoves, electric heaters and heat pumps were 20%, 0.5%, 15%
and 17%, respectively. Many households invested in more
than one piece of heating equipment; some had bought even
three of the four types. For example, among households that
invested in a woodstove in the Enova sample, 49% also
invested in an electric heater, 29% invested in a heat pump
and 24% invested in a pellet stove.

2.4.  Motives behind heating investments

Table 4 lists the key reasons that respondents gave for their
investment decision. Only households that had made at least
one heating investment during the previous 10 years
answered this question. They chose the relevant ones from
a list of motives, and multiple motives were allowed.

The most common motive chosen was to reduce heating
costs. In the Gallup sample, 61% of the respondents gave this
as the purpose of their heating investment, while 38% of
households said they invested in order to improve indoor air
quality and 33% to replace worn-out equipment. This last
response is closely related to a household’s decision to reno-
vate the house, which was a motive given by 32% of house-
holds. Saving time or effort in heating the house was selected
as a motive for 22% of the households. Improving local air
quality and reducing greenhouse gas emissions was a motive
for 18% and 12%, respectively. This indicates that the envi-
ronment is not an important consideration for most people
when investing in heating equipment.

3. Econometric approach

To determine the importance of the perceptions, motives
and characteristics of the households and residences to the
households’ investments in heating equipment, we esti-
mate two discrete choice models. The first model is a bino-
mial logit model exploring the decision to invest or not, and
the second model is a mixed logit model exploring the
choice of equipment to invest in. Both are random utility
models [19].

In the first model, the heating investment decision is rep-
resented by a dummy variable, indicating whether the
household invested in heating equipment during the previous
10 years. This decision is assumed to be influenced by
a number of factors, including the investment motives, atti-
tude toward environmental factors, personality traits (e.g.,
degree of procrastination, willingness to throw away old
equipment, preferred room temperature) and characteristics
of the household and residence (income, education, age of
household members, residence type, ownership status, and
size and age of the residence). The household is assumed to
invest in new heating equipment if the investment increases
its utility. In our estimation, the utility of the investment
(which equals the difference in utility before and after the
investment) is approximated by equation (1):

Vi=Bo+ 7% +e 1)

where V; is the utility that household i derives by investing
relative to not investing; 8, is the constant; x; is a vector of
residence factors, demographic factors, attitudes and per-
ceptions and sample indicators associated with respondent i;
v is the corresponding vector of parameters and ¢; is the dis-
turbance term, which is assumed to satisfy the standard as-
sumptions of the logit model. For a detailed list of the
explanatory variables, see Table 5.

In the second model, we estimate the probability that
a household will choose a particular type of equipment once it
has decided to invest. We restrict our choice set to four
heating alternatives: woodstove, pellet stove, electric heater
and air-to-air heat pump. As one household may invest in
more than one type of heating equipment, we specify a panel
version of the mixed logit model with random-effect alter-
native-specific constants (ASC). If a household invested in
more than one type of heating equipment, we give each of the
n choices a weight of 1/n in the estimation. Furthermore,
because the Enova sample is not representative of the Nor-
wegian population, we also generate sampling weights in the
Enova sample to balance the proportional differences be-
tween the Gallup sample and the Enova sample [20,21]. The
weighted Enova sample used in the estimations has the same

Table 3 — Investments and cross-investments in heating equipment (in percentages).

Investment Cross-investment frequency®
Equipment Sample Frequency Woodstove Pellet stove Electric heater Heat pump
Woodstove Gallup 0.20 1.00 0.00 0.32 0.30
Enova 0.20 1.00 0.24 0.49 0.29
Pellet stove Gallup 0.005 0.00 1.00 0.20 0.60
Enova 0.23 0.21 1.00 0.21 0.19
Electric heater Gallup 0.15 0.42 0.006 1.00 0.21
Enova 0.23 0.43 0.22 1.00 0.19
Heat pump Gallup 0.17 0.35 0.012 0.19 1.00
Enova 0.15 0.41 0.30 0.30 1.00
Investing households in total Gallup 0.52
Enova 0.89

# The first two rows of the cross-investment frequency report the conditional frequency of those in the Gallup and Enova samples that say they
invested in a woodstove and also invested in one or more other types of equipment. The following rows indicate the same information for other

equipment types, respectively.
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Table 4 — Motives for heating investment (in
percentages).

Heating investment Combined Gallup Enova

motives sample sample sample

To reduce heating 72.54 61.10 80.45
costs

To improve indoor 41.58 38.14 43.96
air quality

To replace broken 30.02 32.64 28.22
appliance

To modernize 33.05 32.45 33.46
equipment

To save time and 29.17 22.20 33.99
effort in heating

To improve local 22.96 17.65 26.64
air quality

To reduce greenhouse 22.11 12.14 29.00
gas emissions

Previous one did not 7.76 9.49 6.56
look good

To increase house 7.60 3.98 10.10
sale value

N 1289 527 762

Note: All motives were asked as yes/no questions, and multiple
motives were allowed.

investment distribution as the Gallup sample. The same holds
for the Combined sample.

In the mixed logit estimation, we assume that the house-
hold chose to invest in the equipment that afforded the
highest utility level. We assume that the utility derived from
each type of heating equipment depended on personal char-
acteristics such as the owner’s investment motives and

socioeconomic factors, as well as on external factors, such as
residence characteristics and climate. For identification, we
normalize the utility of electric heaters to be zero, and model
the utility from choosing one of the three other types of
equipment relative to the utility of the electric heater. We
approximate this utility difference by equation (2):

Vij = Boj + vjxi + & @

where Vj is the utility household i receives by investing in
heating equipment j, where j represents woodstove, pellet
stove or heat pump, relative to investing in electric heaters; o;
is the random-effect ASC for alternative j, which is hetero-
skedastic and independently normally distributed over alter-
natives; x; is a vector of residence factors, demographic factors
and investment motives for respondent i; v; is the corre-
sponding vector of nonrandom parameters associated with
alternative j; and ¢;; is the disturbance term, which is assumed
to fulfill standard logit assumptions. For a detailed list of
explanatory variables, see Table 6.

Stata 12 software [22] was used for the econometric ana-
lyses. Equation (2) was estimated using the Stata mixlogit
command described in Hole [23], Cameron and Trivedi [24]
and Long and Freese [25].

4. Results and discussion
4.1. The investment choice
Table 5 shows the results of the binomial logit model explor-

ing the decision to invest or not, using the Combined sample,
the Gallup sample and the Enova sample.

Table 5 — Results from a logit estimation on the heating investment choice.

Explanatory variables Measurement

Combined sample Gallup sample Enova sample

Attitudes and perceptions

Preferred living room temperature
Attitude to environmental responsibility
Buyer of environmentally friendly products
Procrastination

Unwilling to dispose of old equipment
Demographic factors

Household income

Education level

Age of respondent

Household size

Residence factors

Four-point scale

Seven-point scale
Seven-point scale
Seven-point scale
Seven-point scale

Eight-point scale
Five-point scale
In decades
Five-point scale

Apartment Dummy
Age of residence In decades
Own the residence Dummy

Size of residence
Sample factors

Six-point scale

Gallup sample Dummy
Received Enova subsidy Dummy
Constant

N

Log likelihood

0.283*(~0.107)
—0.109*(~0.053)
0.142*(—0.046)
—0.083*(—0.037)
—0.067%(—0.037)

0.438"*(—0.128)
—0.132*(~0.064)
0.129**(—0.056)
—0.087*(—0.044)
—0.079%(—0.044)

—0.068(—0.208)
~0.080(—0.097)
0.189*(—0.083)
—0.091(—0.074)
—0.031(—0.069)

0.087*(~0.036)
—0.098*(—0.058)
0.054(—0.057)
0.112*(~0.067)

0.117*(~0.041)
—0.123*(—0.068)
0.0397(—0.068)
0.134(—0.084)

—0.041(—0.079)
—0.017(~0.116)
0.045(—0.115)
0.063(~0.116)

—1.470**(~0.217)
0.177**(—0.029)
1.222°*%(—0.241)
0.230**(—0.069)

—1.413**(—0.246)
0.149***(—0.035)
1.261**(—0.262)
0.281***(—0.082)

—1.521*(—0.495)
0.238"*(—0.055)
1.054(—0.857)
0.178(~0.137)

—0.922***-0.175

1.344**%(—0.253) 1.391**(—0.26)

—2.023*(—0.643) —3.211**(~0.731) —0.975(—1.51)
1742 943 799
~787.099 —534.848 —243.753

Note: Dependent variable equals 1 if household has installed new heating equipment costing more than €375 in the past 10 years, zero oth-

erwise. Standard errors in parentheses. *p < 0.10, *p < 0.05, **p < 0.001.
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Overall, the results for the Combined sample and the Gal-
lup sample are similar to each other, and the results for the
Enova sample are slightly different. In general, residence
characteristics, income, education, environmental attitudes,
time preference and unwillingness to throw away old equip-
ment significantly influenced households’ heating in-
vestments. First, attitudes and perceptions provide a mixed
picture. People who are more environmentally concerned are
less likely to invest, but being a buyer of green products in-
creases the investment likelihood. This indicates that envi-
ronmentally aware consumers who express their concern
through the products they choose are also more likely to
invest in new and energy efficient equipment. For time pref-
erences, we find that respondents who procrastinate have
a reduced likelihood of investing, as do people who do not like
to throw away old equipment. Finally, households that prefer
higher room temperatures are more likely to invest in new
heating equipment.

Second, demographic factors also play an important role in
the investment likelihood. In the Combined sample and the
Gallup sample, we find that higher income is associated with
an increased likelihood of investment, while a higher educa-
tion level is associated with a lower investment probability.
There is no significant relationship between respondent’s age
and investment likelihood. Household size is only significant
in the Combined sample, and it implies that larger households
are more likely to invest.

Third, residence characteristics seem to be the most signifi-
cant factors associated with investment likelihood. The re-
sults for all three samples imply that households living in an
older house are more likely to invest. Living in an apartment
significantly reduces the probability of investment, possibly
because of the availability of common heating systems. Re-
sults for the Combined sample and the Gallup sample provide
further evidence that the size of the house and being the
owner of the house have significant positive effects on the
investment likelihood. Bigger houses need more heating and
ownership of the house increases the incentive to invest.

Finally, households applying for subsidies from the govern-
ment had a higher investment probability than those that did
not. This correlation is likely a result of applicants for sub-
sidies having already decided to invest before applying for the
subsidy.

4.2. The choice of heating equipment

Equation (2) focuses on the drivers behind the choice of each
type of heating equipment. In this estimation, we use the
Combined sample in order to explore the purchases of the less
common equipment, such as pellet stoves. The model is
estimated relative to investments in electric heaters, meaning
that the coefficients measure the difference in utility of
choosing a