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Abstract:

Research Question: This paper presents a review of empirical methods used by authors to determine the influence of dif-
ferent groups of factors that influence households’ electricity consumption. Motivation: The question of what drives elec-
tricity consumption is very complex and requires a systematic approach in analysis of different theory frameworks and
factors. In the literature there are a lot of attempts to classify a huge number of very different factors which can be hetero-
geneous. The review is built on the existing literature by distinguishing the appropriateness of the usage of different em-
pirical methods for collecting the data on the influence of specific groups of factors. Idea: Based on significant literature
review and analysis of different methods used in this field, the aim of this paper is to make a classification of the most im-
portant factors which have the highest impact on electricity consumption. The factors have been grouped into four groups
by the authors of the paper. Data: The analysis was conducted by reviewing papers dealing with households’ electricity
consumption published in the international journals. Tools: The systematisation of relevant literature was used for the pur-
pose of determining the most common and proper methods that were used for determination of the influence of different
groups of factors on electricity consumption. Findings: As consumer behaviour in the area of electricity consumption
often demands the examination of subjective views of consumers, methods such as interviewing, conduction of on-
line/offline surveys, case study and field experiments are commonly used for analysing the influence of cognitive and af-
fective factors, socio-demographic and behavioural. For the analysis of the impact of contextual factors that includes using
the large amount of secondary data, statistical and econometric methods are used as the most appropriate ones. Con-
tribution: This paper provides an overview of most appropriate research methods when it comes to examination of the im-
pact of different groups of factors whose influence needs to be empirically proven.
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1. Introduction

In the literature and in practice, there has been a growing interest in residential consumption, since it is con-
sidered to be at very high levels in many countries, even exceeding the industrial consumption. For this rea-
son, many countries implement different policies to reduce electricity consumption by households, but the
results are not always visible. Researchers in the field of consumer behaviour also find this topic interesting
and conduct research that has the goal to determine the influence of various factors on electricity con-
sumption and behaviour in order to provide empirical evidence for better policy making.

In the literature, there are several different concepts which have been proposed to classify the numerous in-
terrelated factors influencing energy use. Stern (1999) formulated a typology of the causes of environmen-
tally significant behaviours: attitudinal factors (e.g., perceived costs and benefits of action), personal
capabilities (e.g., social status, knowledge) and contextual factors (e.g., regulations, social norms, adver-
tising), and habits and routines. Kollmuss & Agyeman (2002) proposed three categories: demographic, ex-
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ternal and internal factors. Abrahamse et al. (2005) suggested a distinction between micro-level factors (e.g.,
attitudes, values, opportunities) and macro-level factors (e.g., economic situation, governmental policies,
availability of new technologies). Steg & Vlek (2009) distinguish between motivational, contextual factors
and habitual behaviour.

It is widely accepted in the literature that socio-demographic factors, such as household income, ownership,
and household size are closely associated with energy usage and demonstrate the highest impact on en-
ergy consumption, as well as psychological factors of energy usage (Frederiks et al., 2015). One of them is
the approach which highlights the importance of social norms (e.g., Allcott, 2011; Dolan & Metcalfe, 2015).
However, empirical research showed that the effects of certain psychological factors (such as values, atti-
tudes and beliefs) on energy behaviour often showed to be weak, especially in comparison with the effects
of socio-demographic factors (Abrahamse & Steg, 2009). Considering economic drivers of electricity con-
sumption, the literature is focused on the relationship between energy prices, non-market factors, and elec-
tricity consumption and consumer investment in energy efficient-technologies. Burger et al. (2015) developed
interdisciplinary approach, based on psychology, economy, consumer behaviour, business science, soci-
ology and political science, which represents one of the most prominent approaches to energy consump-
tion behaviour.

Within various theories, models and frameworks related to energy behaviour, different empirical methods for
identifying the patterns of electricity consumption are being used. Therefore, the focus of this paper is on
different methods used in empirical research of different groups of factors that need to be systematised.

2. Methodology

The methodology implemented in this paper is based on a review of relevant empirical studies that exam-
ine the impact of different factors on the energy-related behaviour of the residential sector. This review is
based on a two-fold classification, on the one hand, of empirical methods used by different authors in order
to determine the factors that influence energy behaviour and, on the other hand, classification of those fac-
tors by using a four-group classification. By grouping previous research by empirical methods that have
been used, it is possible to uncover connections among the most suitable research methods for delivering
empirical findings related to the influence of different groups of electricity factors. The classification of pre-
vious research in order to perform a systematization of the existing knowledge on energy-related behaviour
was also employed by Abrahamse et al. (2005), Krysiak & Weigt (2015) and Axon et al. (2018) and was
shown to provide valuable information for further research in this area.

For the purpose of the classification of energy factors, authors reviewed typologies previously given by Stern
(1999) and Steg & Vlek (2009) and provided a new classification by redefining the factors that belong to each
of the groups. As a result, the following four groups are formed:

o Cognitive and affective factors - value systems, norms, beliefs, attitudes, knowledge and skills, mo-
tivation and commitment;

e Socio-demographic factors - demografic characteristics of households, social status, life style, living
standard, income, place of residence;

e Behavioural factors - habits, routines, behavioural patterns, previous experience;

o Contextual factors — incentives, policy instruments, community actions, electricity price changes,
advertising campaigns, communication initiatives, available energy options, technological options.

As the classification was developed for the purpose of grouping the most influential factors when it comes
to the changes of electricity consumption, technical factors that may also have a certain impact are left out
(such as dwelling size, insulation, characteristics of buildings, etc.) as they can be considered to be constant
and, therefore, without changable impact. As regards research methods, it is notable that authors employed
the following ones: interviews and surveys and experiments when conducting empirical research aimed at
collecting and analysing primary data and econometric and statistical methods when dealing with secon-
dary data. The case study was less used as a research method and was usually combined with surveys.

Papers that were taken into consideration for the purpose of the systematisation were selected based on the
following criteria: (a) examination of the influence of factors on electricity consumption of households (res-
idential sector) and (b) being published in well ranked peer-review international journals. The results of the
classification can be seen in Table 1.
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Table 1: Systematisation of research methods and examined factors

Author(s) ﬁiﬁﬁzrd?;)* rse(::'::cor: the Groups of factors
Cognitive and | Socio- .
affective demographic Contextual | Behavioural
Groningen,
Abrahamse et al. (2007) FE, SU Netherlands X X
(314 households)
USA
Allcott (2011) FE (600,000 households) X
USA metropolitan
Attari et al. (2010) Su areas (505 X
participants)
Azaza & Walin (2017) ES Sweden X
Barnicoat & Danson, N Scotland X X
(2015) (19 households)
Borozan (2017) ES Croatia X
- France
Belaid (2016) su (36,000 households) X X
London (400
Burchell et al. (2016) FE households) X
Carrico & Riemer, USA
(2011) FE, SU 2.300 participants
Chen (2017) CS, ES Taiwan X
Ding et al. (2017) ES China X X
Ekholm et al. (2010) ES India (rural area) X X
Ekins et al. (2011) ES EU X
. Switzerland
Frick et al. (2004) SuU (2736 participants) X
Denmark
Gram-Hanssen (2010) IN (30 households) X
. Copenhagen,
Gram-Hanssen (2011) [oF] Denmark X
Huebner et al. (2016) ES UK (845 housholds) X X
: . rural districts
U, E in Beijing, China (756 X X
J;gg(z:hao & Kotani SU ES C
( ) households)
Australia, Brazil,
Lenzen et al. (2006) ES Denmark, India and X
Japan
Martinez-Espineira et al. Spain (13,382
(2014) ES households) X X X
:Z)I:I%-Romero etal. ES Regional X X
Rahman et al. (2017) CS, SU Malaysia X X
Reiss & White (2008) ES San Diego, USA X
Brisbane, Australia
Romanach et al. (2017) Su (1647 households) X X
Hangzhou, China (179
Shen et al. (2017) FE, ES households) X X X
Sydney, Australia
Strengers et al. (2016) IN (80 households) X X
Jiangsu province,
Sun et al. (2018) ES China X
. Dortmund, Germany
Wallis et al. (2016) SuU (763 households) X
Wang et al. (2018) IN, ES Yuncheng, China X

(236 households)

Note: *IN - In-depth interview, SU — survey (online/offline), FE (field experiments),
ES - econometric/statistical methods, CS — case study
Source: Authors

3. Presentation and Discussion of Research Methods and Examined Factors

In-depth interviewing

As seen from the provided classification, in-depth interviewing is dominantly used in case of the examina-
tion of the influence of cognitive and affective and behavioural factors in the area of electricity consumption,
although it can be used in case of other two groups of factors to a significant degree. For example, Stren-
gers, Nicholls & Maller (2016) interviewed energy consumers with the goal of revealing their awareness of
the role of non-traditional actants in energy consumtion and their usual behavioural patterns. Gram-Hanssen
(2010) aimed to determine the ways energy-related practices can be modified as a result of communicative
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initiatives aimed at educating household members on how to reduce consumption, which represents a con-
textual factor. The research results indicated that communication incentives may lead to the changes of
everyday behavioural routines, level of knowledge and motivation to make behavioural changes. Barnicoat
& Danson (2015) examined the attitudes of older household members towards electrical appliances usage
and adoption of energy saving instruments, with special emphasis on the level of their acceptability of en-
ergy saving instruments (smart metering, external control of home appliances and heating). The results in-
dicated that insufficient knowledge of energy efficiency of appliances and energy costs and the lack of
willingness to adopt smart technologies of interviewees were the main causes of inappropriate electricity con-
sumption patterns.

Wang et al. (2018) conducted an interview with the goal to examine the potential responses of Chinese
households to electricity price changes by assuming that real-time electricity pricing in the residential sec-
tor represents an effective factor to change consumption patterns and promote electricity conservation. In
addition to interviews, the authors used agent-based modelling and showed that real-time pricing has the
potential to impact households’ electricity consumprion by shifting the load from peak to off-peak periods
of the day and reduce total consumption. Jingchao and Cotani (2012) combined interviewing with regres-
sion analysis in order to estimate the energy demands of rural households. The results showed that, among
socio-economic characteristics, the per capita income represented the main factor of the energy con-
sumption. Also, certain contextual factors (changes of energy source prices and availability of environmen-
tally friendly technologies) influence the consumption. In particular, the change of prices exhibited negative
effects on the use of these energy resources, while availability of technologies was shown to improve en-
ergy efficiency.

Online/offline surveys

As an alternative to interviewing, some authors conducted surveys where participants were polled by using
online or offline questionnaires. This method is suitable for larger samples, and for all four groups of factors,
although most often for cognitive and affective factors. This method was used by Attari et al. (2010), who
aimed to determine consumer attitudes regarding energy conservation and reduction of climate changes.
The majority of participants noted activities related to energy use and savings (such as turning off lights and
driving less) as more effective in terms of energy conservation than efficiency improvements (such as in-
stallation of more efficient light bulbs and home appliances). The authors also concluded that participants
with more prominently expressed pro-environmental attitudes demonstrated more precise estimations. Set-
ting interest on the similar topic, Frick et al. (2017) examined the role that environmental knowledge has in
the sphere of promotion of conservation behaviour. The findings showed that action-related knowledge and
effectiveness knowledge have a direct impact while system knowledge mediated influence on energy be-
haviour. Belaid (2016) intended to determine the influence of socio-economic and contextual factors on hou-
sehold’s’ energy consumption within different population groups. Among contextual factors taken into
consideration, energy prices appeared to be the most important factor that affects domestic energy con-
sumption. Also, household characteristics (lifestyle and place of residence) were also found to be significant
since the families living in rented dwellings showed to consume less energy than those who own their living
places, and those who live in rural areas consume more energy than households in suburbs. Wallis et al.
(2016) examined the influence of socio-demographic factors (social status and income, number of resi-
dents, and number of adolescents within household) on electricity consumption. Results indicated that the
mentioned socio-demographic characteristics influence energy behaviour of the households. By using a
survey-based data on a sample of households with older inhabitants, Romanach et al. (2017) found out that
socio-demographic factors (age, income, place of residence), as well as behavioural patterns in the house-
hold appliances use, influence energy consumption.

Field experiments

Field experiments, especially randomized control trials (RCTs), have become a useful and commonly used
method in consumer behaviour studies in different areas, consequently in the area of consumption as well.
These usually include the existence of experimental and control groups and demand implementation of pre-
cise experimental design. RCTs on household electricity consumption vary regarding the applied interven-
tions, however, most commonly those interventions relate to the influence of contextual factors. Burchell et
al. (2016) implemented experimental design in exploration of the impact of two contextual factors (commu-
nity action and communication initiatives) on the behaviour change in the area of energy consumption. Par-
ticipating households were exposed to experimental stimuli in the form of advice on seasonal energy saving
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and information about different local and national events and programmes dedicated to energy saving. As
a result of this field experiment, statistically significant differences in knowledge between the consumption
of the experimental and that of the control group were obtained. Abrahamse et al. (2007) conducted a field
experiment with the goal to determine the effectiveness of different experimental interventions (contextual
factors) in the aspect of changes in direct and indirect energy use and energy-related behaviour. In order to
determine the impact of these interventions, participants filled out online questionnaires three times in the
course of the study. Also, households in experimental groups accepted more energy-saving behaviours and
demonstrated more knowledge of energy conservation during the study in comparison with the households
in the control group.

The impact of contextual factors is most often examined in RCTs by providing energy saving tips and
cost/consmption feedback (Houde et al., 2013). Allcott (2011) conducted randomized natural field experi-
ment in order to determine the influence of sending feedback on households’ energy consumption and the
comparison in relation to neighbouring households which were sent by energy supplying company. For this
kind of interventions, large-scale field experiments only find modest electricity consumption reductions (All-
cott, 2011; Allcott & Rogers, 2014). Carrico & Riemer (2011) set a goal to determine the way and the extent
to which peer education and feedback are significant factors in reducing energy consumption by conduct-
ing a cluster-randomized field experiment. The results indicated the decrease in the consumption in the ex-
perimental groups (by 7% and 8%), while, consumption during the intervention phase increased within the
control group (by approximately 4%). Shen et al. (2017) combined two methods in their research. First, they
conducted an energy conservation experiment by using the tailored information with eco-feedback as the
main intervention variable and then applied Support Vector Regression (SVR) model for consumption pre-
diction, which was found to be influenced by 18 predicting factors (including energy behaviours, personal-
ity and demographic characteristics). Furthermore, RCTs are often used for testing the impact of dynamic
pricing schemes and effects of different tariff schemes on the behaviour of the participating households, as
was the case in the study conducted by Wolak (2011).

Case study

Gram-Hanssen's (2011) research consisted of three case studies with the goal of examining changes in
household energy consumption by focusing on the impact of cognitive factors (existing knowledge) and
behavioural factors (embodied habits, engagement and technology usage). It was shown that different types
of changes occur as a consequence of different factors, especially behavioural ones. Rahman et al. (2017)
combined the case study method with surveying of households in three suburban areas in Malysia in order
to determine different

behavioural consumption profiles of households and link them to the level of energy efficiency. Also, hou-
sehold awareness (cognitive factor) and practice (behavioural factor) appeared to be important factors re-
lated to high electricity consumption. Chen (2017) combined the case study method with statistical methods
in order to examine the indirect impact of contextual factors (gross domestic product /GDP, employment
rates, energy labeling schemes) on residential electricity consumption by their influence on the socio-eco-
nomic factors (life-style, living standard of households) which stimulates an increased electricity demand,
and, potentially, higher consumption.

Econometric and statistical methods

In cases when there is a significant amount of existing data regarding the impact of certain factors (mainly
contextual) on consumption, the authors decide to perform econometric or statistical analyses and to de-
termine certain trends in energy consumption. Also, such methods are commonly used when it is necessary
to perform a cross-country or a cross-regional comparisons. Such was the case of authors Pablo-Romero
etal. (2017) who conducted an analysis of trends in residential energy consumption over the period of two
decades, from the perspective of 11 main world regions and by per capita gross national income levels. They
noted significant differences at regional levels among main regions worldwide. They concluded that the
EU15, Eastern and Southern Asian countries and other developed countries represent the regions that
should invest the largest efforts possible to reduce energy consumption at the residential level. Lenzen et
al. (2006) conducted a five country analysis by using available national statistical data. As a result, signifi-
cant differences in average energy requirements were discovered, even at the same residential income lev-
els and consumer lifestyles (socioeconomic factors). Ekins et al. (2011) assessed the distributional
implications of environmental tax reform on households’ consumption at the level of the EU. They used the
modelling of the influences of main environmental tax reforms as a methodological approach, which in-
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cluded the use of an ex-ante scenario-based approach for estimation of future developments. Modelling re-
sults showed that environmental tax reform will likely induce the changes in residential consumption, even
though there are differences among countries and for different socio-economic groups.

Borozan (2017) implemented the panel unit tests with and without structural breaks in order to examine the
impact of regional differences on electricity consumption in Croatia during the period of twelve years. The au-
thor showed the existence of inter-country regional differences and emphasised the necessity to evaluate
such differences when formulating energy policy measures aimed to decrease residential electricity con-
sumption. Earlier, Reiss & White (2008) tried to determine behavioural reactions of large population to mon-
etary and non-monetary contextual factors. The findings showed that an average household consumption
decreased by 13% during two months as a reaction to an unannounced increase of energy price. Also, the
results indicated that an average energy consumption at the household level significantly decreased during
public appeals for energy conservation performed by state, even though it did not include any changes in
prices, which clearly pointed out to the effectiveness of non-monetary incentives. Sun et al. (2018) aimed to
discover the regional difference of household electricity consumption by dividing households into different
groups according to behaviour factors such as consumption volatility and behavioural pattern similarity.

In addition to cross-country or cross-regional research, econometric and statistical methods are also applied
in national-scope research by some authors. Martinez-Espineira et al. (2014) focused on the impact of socio-
demographic characteristics, environmental attitudes and beliefs and the impact of environmental awareness
campaigns on a household’s behaviour and implemented a multivariate probit model. Huebner et al. (2016)
tested to what extent different types of factors (among them socio-demographics, attitudes and self-reported
behaviours) explain electricity consumption of residents by comparing four separate regression models.
The results indicated that socio-demographic factors caused 21% of the variability in electricity consump-
tion, the usage of appliances caused 34% of variability, while the impact of self-reported energy-related be-
haviour and pro-environmental attitudes showed to be negligible. Based on the input-output analysis, Ding
et al. (2017) examined the direct and indirect impacts of household consumption on the total energy con-
sumption from the consumers’ lifestyle perspective. The authors found out that household energy con-
sumption amounts to approximately one fourth of the total finial consumption, with the indirect consumption
being 1.35 times higher than the direct one. Azaza and Walin (2017) implemented a mining approach on
smart meter data with the goal of identifying consumer groups who are the most responsible for the elec-
tricity network peaks. Also, authors applied two clustering approaches — hierarchical clustering and self-or-
ganizing map and determined five clusters of customers with different behavioural patterns. Ekholm et al.
(2010) applied the modelling approach to analyze the influence of different energy options and income dis-
tributions, as well as other factors such as preferences and discount rate on consumption.

Conclusion

By analysing different empirical studies, it was found that different groups of factors influence electricity consumption. The
majority of the factors that have an impact on electricity consumption are still insufficiently well understood and empirically
tested even though the body of evidence is enlarging. In literature, many factors analysed separately or in combination
could be found, while their impact on electricity consumption is more complex and requires the application of different re-
search methods. However, the aim of this research is not to provide an answer or to create consensus on the most proper
methods when it comes to the effects of certain factors, but rather to raise understanding of the possibilities for determi-
nation of the influence of different factors which have an impact on electricity consumption. It was shown that different fac-
tors, including contextual ones, as well as those related to households’ characteristics are significant determinants of
energy consumption and, therefore, should be taken into consideration when designing campaigns for energy con-
sumption reduction in order to achieve higher energy efficiency at the national level.

In practice, the knowledge about drivers of households’ electricity consumption and conservation, alongside the nature
and the scope of their impact, can provide a valuable foundation for development of the cost-effective public policies pro-
moting energy efficiency. A precise definition of the impact of relevant factors and their empirical validation and better un-
derstanding of the relationship between them is the prerequisite for developing evidence-based policy approach.
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