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INTRODUCTION

In recent decades, the world has been experiencing the problem of global climate change,
which is associated with an increase in temperature and increase in the concentration of greenhouse
gases in the atmosphere. The risks associated with climate change are characterized by ubiquitous
and irreversible consequences for anthropogenic and natural systems and cause the occurrence of
extreme weather events, the negative combined effect of high temperature and air pollution, and
also the degradation of various ecosystems as a result of changes in thermal and humidity
conditions (Government of the Russian Federation, 10/29/2021). At the same time, the problems
of climate change are complex and affect primarily the population, infrastructure and climate-
dependent sectors of the economy, such as agriculture.

From the perspective of the international community, climate change has become a global
concern, leading to the adoption of the United Nations Framework Convention on Climate Change
in 1992, the Kyoto Protocol to the Framework Convention in 1997 and the Paris Climate
Agreement in 2015. The main goal of these documents is to stabilize the concentration of
greenhouse gases in the atmosphere at a level that prevents dangerous anthropogenic impact on
the climate, meanwhile the measures of these documents provide for the obligations of
participating states to limit or reduce emissions of greenhouse gases into the atmosphere (United
Nations, 5/5/1992).

At the moment Russia takes part the Framework Convention, the Kyoto Protocol and the
Paris Agreement, has ratified these international legal acts, and has also assumed obligations to
reduce greenhouse gas emissions into the atmosphere. Recently Russian Government issued a
Socio-Economic Development Strategy with low level of greenhouse gas emissions that aims at
60% emissions reduce by 2050 as compared to 2019 levels (Government of the Russian
Federation, 10/29/2021). The main activities of the strategy are aimed at industries that consume
the most energy resources and include electricity production, industrial production, as well as the
building and housing sector. At the same time, experts note that in the areas of electricity and
industrial production, there is a steadily positive trend in energy efficiency improvements, while
the residential sector is of concern due to deteriorating equipment and wasteful energy
consumption by the population (Vedomosti, 7/11/2021).

The problem of reducing greenhouse gas emissions in the residential sector is also stressed
by the fact that about 70% of all greenhouse gas emissions into the atmosphere come from cities,
according to UN-Habitat (UN-Habitat, 2022). At the same time, intensive urbanization and the
corresponding growth of agglomerations lead to the fact that this share continues to grow due to

an increase in population density, economic and social activity (Bibri, Krogstie, 2017).



The main tool for reducing greenhouse gas emissions in the residential sector is rapidly
developing energy-efficient technologies that have come under public attention as the main means
to reduce energy consumption and increase energy efficiency. However, the introduction of these
technologies in existing residential buildings is often problematic due to the high investments
required and the lack of willingness of people to take part in their financing. Moreover, the energy
behavior of households is often unconscious and wasteful, which entails economic, environmental,
and social costs for society as a whole (Chen et al, 2017).

With the impossibility of making complex investments in the energy efficiency of the
housing stock, as well as escalating environmental issues associated with increasing energy
consumption, it is of great importance to stimulate sustainable household behavior in the field of
energy consumption. In this context, it is necessary to identify the factors influencing household
energy conservation and energy efficiency, which can become the focus of appropriate policy
regulation.

The goal of this work is to develop policy recommendations for the authorities to stimulate
energy conservation and energy efficiency of households on the example of St. Petersburg. To
achieve this goal, it is necessary to perform the following objectives:

1. To classify households’ energy behaviors and their characteristics.

2. To identify factors that influence household energy conservation and energy efficiency.

3. To estimate the impact of these factors on household intentions to conserve energy and
increase energy efficiency.

4. To identify user profiles based on cluster analysis of the most significant factors.

5. To describe the portraits of household’s profiles that are typical for St. Petersburg, their
preferences, and possible options for influencing their energy behavior.

This work is focused on studying the behavior of people in the process of energy
consumption. In this case, the subjects of research are energy conservation and energy efficiency
of households and factors that influence various types of energy behavior. The investigation of the
problem situation and the solution of the goal of the work are carried out in the format of an
empirical study, which is aimed at putting forward and testing hypotheses about the significance
of factors affecting related energy behavior. This study will use methods such as reviewing the
literature on household energy consumption and conservation, collecting information through a
survey, and applying econometric analysis.

The result of this work is recommendations for stimulating household energy conservation
and energy efficiency, which are prepared on the basis of an econometric analysis of primary
information obtained through a survey in social networks among communities of residential

complexes.



This master's thesis includes two chapters. The first chapter is devoted to the review of
literature in the field of household energy conservation and is divided into five paragraphs. The
first paragraph reveals the origin of the research direction of household energy conservation and
energy efficiency, defines and classifies energy behavior, reveals approaches to determining the
factors influencing energy behavior, as well as the problems and results achieved by research in
this direction. The second and third paragraphs contain a review of the literature on the factors
influencing households’ energy conservation and energy efficiency and identify groups of factors,
according to the approaches that have been developed in scientific research. The fourth paragraph
is composed of overview of the methodologies used in previous studies and systematizes possible
approaches to the organization of the study. The fifth paragraph forms the theoretical framework
of the research, on the basis of which the empirical research is carried out and includes the research
hypotheses that need to be tested using empirical research.

The second chapter is devoted to an empirical study of the factors that stimulate
households’ energy conservation and energy efficiency and includes four paragraphs. The first
paragraph provides a description and justification of the used econometric methods, a description
and characteristics of the data, as well as the results of the primary processing of variables. The
second paragraph contains the constructed models and the interpretation of the obtained results.
The third paragraph reflects the recommendations developed on the basis of the results of the
obtained models. The fourth paragraph focuses on the limitations of the study and directions for

future research.



1. STATE-OF-THE-ART OF RESIDENTIAL ENERGY CONSERVATION

1.1 Theoretical background of household energy conservation studies

Research on household energy behavior originates from research on pro-environmental
behavior, which is one of the major branches of environmental psychology that developed in the
United States in the 1960s and studied a number of complex interactions between people and the
environment. In this branch of research pro-environmental behavior is defined as behavior that
consciously seeks to minimize the negative impact of one’s actions on the natural and built world,
for example, minimizing the consumption of resources and energy, the use of non-toxic
substances, reducing the production of waste (Kollmuss, Agyeman, 2002).

At the turn of the last century, factors influencing individual differences in relation to the
pro-environmental behavior received particular demand and interest among the academic
community. Because of the complex and inconsistent nature of pro-environmental behavior, many
hypotheses were formulated and supported by research to explore the factors that influence
environmentally important decisions and actions. As a result, several of the most frequently cited
points of view, theories and models of pro-environmental behavior were promoted, among which
are Hines et al.’s model of responsible environmental behavior, Ajzen’s theory of planned
behavior, Guagnano et al.’s attitude-behavior-external conditions model, Blake's
conceptualization of barriers between environmental concern and action, the value-belief-norm
theory of Stern et al and many others (Bamberg, Méser, 2007).

The results achieved in this broad area have extended to the narrower sphere of household
energy conservation and energy efficiency, and as scientific thought in this area develops, there is
an increased attention to definition of specific factors that affect household energy consumption
and changes in energy use of households that occur over time. Behaviors related to household
energy behavior can be divided into two categories: efficiency and curtailment behaviors
(Abrahamse et al, 2005).

Efficiency behaviors can be defined as one-time behavior that entails purchasing energy
efficient equipment and technologies. Academic literature usually identifies two main dimensions
of efficiency behavior, namely buying energy efficient appliances and adapting energy efficient
retrofits (Trotta, 2018). Investments in energy efficient appliances include the purchasing of
appliances of the highest energy efficiency classes (A or B), which have the lowest energy
consumption. Moreover, appliances differ in size, duration, and intensity of use, what affect their
contribution in the total household energy consumption. Traditionally, the biggest contributors to
energy consumption are large appliances that have a long or continuous working periods, such as

heater, air conditioner, fridge, and dishwasher (Imran et al, 2022). Energy efficient retrofit can be
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defined as major structural improvements to a home or substantial physical changes in the building
(Dixon, Eames, 2013). They usually include changing or upgrading of the building envelopes and
its technical characteristics, which affect the building's ability to store or release energy, especially
heat, and therefore allow households to spend less energy on maintaining a comfortable
temperature. The examples of such investment are the installation of solid, cavity or loft insulation,
double glazing, low energy light bulbs, ground source heat pumps, boilers, and solar water heating
(Trotta, 2018). Since the efficiency behavior of households is aimed at increasing energy
efficiency in the process of energy consumption, in the following text this term is used to refer to
all household actions to improve energy efficiency.

Curtailment behaviors can be defined as the daily and habitual practices of households that
focus on specific reductions in energy use and include such decisions as turning off lights and
appliances, keeping windows closed when heating is on, choosing the mode and intensity of use
of appliances that is characterized by the lowest consumption of electricity and others (Trotta,
2018). Considering that curtailment behavior reflects the intentional daily actions of households
to reduce energy consumption, in the following text this term is used as a reference to the totality
of household energy conservation practices.

The existing literature provides convincing arguments for dividing the energy behavior of
households into two dimensions. Types of energy behavior can be classified by frequency of
implementation and associated financial or behavioral costs (Karlin et al, 2014). On the one hand,
curtailment behavior involves performing actions with a high frequency, but does not imply
financial costs for their implementation. On the other hand, efficiency behavior is carried out
relatively rarely and takes the form of an investment decision making, since it involves financial
costs for its implementation. In this regard, a conclusion can be drawn concerning the peculiarities
of curtailment and efficiency behavior. The former is more intuitive and automatic based on
people's habits, while the latter involves decision making based on rational and objective factors.
The diagram characterizing the classification of energy behavior of households by frequency and

financial costs is shown in the Figure 1.

Consumer Financial Cost Frequency of Action
Efficiency behavior Curtailment behavior
Install energy-efficient appliances Turn off light
Install energy-efficient retrofits Turn off electronics

Wait until dishwasher is full to run

Figure 1 Classification of energy behavior.
Source: compiled by the author with use of (Karlin et al, 2014).
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Some researchers have attempted to adapt theoretical models of pro-environmental
behavior to study household curtailment and efficiency activities, unconscious habits, and
technological patterns that influence household energy behavior in living spaces. These models
were intended to explain decision-making and household behavior in the context of energy
conservation and energy efficiency, especially in terms of the implementation of energy-saving
methods and products (Frederiks et al, 2015).

Despite the fact that various theoretical concepts have appeared in the scientific community
that describe peculiarities of household energy behaviors, none of them has been generally
accepted and did not contain a comprehensive explanation and prediction of individual differences
in household behavior. The currently available literature indicates that the issue of differences
between energy-saving and energy-wasting consumers is so complex that it cannot be covered by
a single approach that would work in any context, sample of participants and time (Kollmuss,
Agyeman, 2002). While empirical evidence suggests that some variables may be better at
explaining household behavior than others, the results are still far from complete validity and
consistency. In the current circumstances, it becomes especially important to correctly formulate
the research question and the research framework, as well as what is meant by the studied behavior.
It can be measured in terms of total household consumption in kilowatt-hours, changes in daily
activities, such as intentional reduction in consumption or the propensity to adopt energy efficient
technologies in a dwelling (Frederiks et al, 2015). In this case, the role of various explanatory
variables may change, depending on how studied behavior is defined and measured.

Examples of such differences in the direction and degree of influence of the same factors
on different dependent variables can be found in the existing literature. For instance, one study
that examined factors affecting household energy consumption (in physical terms) and household
intention to reduce energy consumption (expressed in the percentage of energy savings declared
by respondents) found that household socioeconomic variables had significant impact on energy
consumption without significant influence of variables reflecting knowledge and habits in relation
to energy conservation (Abrahamse, Steg, 2011). At the same time, the subjective intention to
reduce energy, on the contrary, strongly depended on the of households’ energy conservation
knowledge and habits with poor explaining power of socio-economic parameters. The same
differences were found in another paper that studied factors influencing efficiency and curtailment
behaviors of households — higher-income households were less likely to take daily action to reduce
energy consumption, but more likely to adopt energy efficient retrofits (Trotta, 2018). Thus, the
same variables affect the different behaviors of households in different ways, what in one case

leads to growing intentions to reduce energy consumption, and in the other — to their decreasing.
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Taking into account the high dependency of research results on the definition of the studied
behavior, in this paper we divide the behaviors of households into groups depending on the entailed
consequences. On the one hand, we have a change in the amount of energy consumed by
households, expressed in natural terms, which is the output of regulatory intervention. Output of
energy conservation does not always controllable and depend on human behavior, for example, in
the case of cold weather, energy consumption will be higher regardless of human behavior
comparing to the case of mild weather (Calvillo et al, 2016). On the other hand, we are talking
about a shift in the behavior of households, expressed in the tendency to change their habits and
daily activities, which is the outcome of regulatory intervention. Sustainable behavioral change is
a priority because it directly affects the way people live and the amount of energy consumed, all
other things being equal, and is less dependent on external factors such as climate and
technological features of energy supply systems. That’s why in this work we focus on behavioral
change of households expressed in their propensity to reduce energy consumption through the
application of curtailment and efficiency behavior.

Despite the differences in studied behaviors across the household energy behavior research,
another reason for their failure to achieve uniform and consistent results is the fact that very few
studies rigorously test causal relationships using experimental design and time-series variables
(Frederiks et al, 2015). In the context of the low prevalence of such studies, it is impossible to
draw unambiguous conclusions about the presence of causality of the studied effects, because the
usual observational study allows to draw a conclusion only about the presence of a correlation
between the studied variables.

Nonetheless, individual efforts have shed light on the issue of household energy
consumption, and research aimed at studying the multiplicity of forces underlying energy behavior
has become the most widespread. Researchers more often prefer integrative approaches that
consider household energy conservation and efficiency as an interaction of many different groups
of factors, and there has recently been general agreement that there are a wide range of categories
of variables that affect household energy behavior. However, at the moment in scientific
community there is no unified and generally recognized classification of groups of factors that
would completely cover the multiplicity of forces underlying households’ behavior towards energy
conservation and efficiency (Frederiks et al, 2015).

Currently, the most of scientific studies use different sets of factors, but use a similar
approach to their definition, taking into account the potential influence of the factors included in
the group on the studied behavior. Early research identifies groups of factors as psychological, i.e.,
factors that shape information processing and decision-making by consumers (e.g., perception,

evaluation, understanding, and memory), and positional, i.e., factors that contribute to or hinder
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the studied behavior of consumers (e.g., disposable income, home ownership, home improvement
skills, and owned technologies in home) (Costanzo et al, 1986). Alternatively, there were proposed
groups of micro-level factors, i.e., factors that form individual differences in behavior (e.g.,
preferences, attitudes, values, abilities, opportunities), and macro-level factors that shape the
environment in which people and institutions exist (e.g., availability of new technology, economic
and population growth, government regulations and policies, socio-cultural change) (Abrahamse
et al, 2005).

The most common classifications used in subsequent studies distinguish between internal
(or personal) and external (or situational) groups of factors. Internal factors comprise
psychological factors (people's beliefs, values, attitudes, emotions and environmental knowledge)
(Kollmuss, Agyeman, 2002; Grilli, Curtis, 2021), demographic factors (e.g.: education, age, and
income), awareness of energy efficient measures and attitudes towards their implementation (Nair
et al, 2010), dwelling factors (e.g.: age, size, type of dwelling, etc.) (Frederiks et al, 2015). External
factors are related to the context in which individuals behave and make choices, i.e., formal
regulation, social norms, cultural taboos (Grilli, Curtis, 2021), institutional, economic, social and
cultural conditions (Agyeman, 2002), available technologies, pricing, built environment, etc.
(Frederiks et al, 2015).

In our paper, we also support the approach to the classification of factors influencing
energy behavior, which is common in the scientific literature, and we divide the factors into
internal and external according to the nature and reasons for influencing household behavior. The
results of the classification are presented in Table 1. A more detailed description of all groups of
factors is presented in the next paragraph.

Table 1 Classification of factors influencing household energy consumption and energy behavior.

Group of Subgroup of Effect on energy consumption and conservation
factors factors
Internal Demographic Influence energy consumption in terms of needs and preferences (Wilson,

Dowlatabadi, 2007) (e.g., wealthy households consume more energy than
low-income households; working people spend less time at home,
respectively, consume less energy).

Influence the propensity to energy behavior in terms of opportunities and
limitations (e.g., low-income households are more inclined to curtailment
behavior, and wealthy households have more opportunities to adapt energy-
efficient appliances and technologies) (Abrahamse, Steg, 2011).
Psychological Influence the propensity to energy conservation in terms of awareness,
values and attitudes (for example, people which believe they should
conserve energy in different ways) (Frederiks et al, 2015). Energy saving
households consume less energy than other households, other things being
equal (Abrahamse, Steg, 2011).

13



External Dwelling Influence energy consumption in terms of characteristics of the place of
(characteristics) residence that determines the needs and preferences of households. For
example, larger houses use more appliances and use more energy (Santin,
2011).

Influence efficiency behavior in terms of motivation to introduce energy
efficient appliances and technologies (e.g., residents of older houses are
more likely to implement energy efficient retrofits to ensure comfortable
indoor temperature) (Nair et al, 2010).

Situational Influence energy consumption and energy behavior in terms of external
technological, economic, political, social, cultural and other constraints and
opportunities (Frederiks et al, 2015). For example, efficiency behavior is
impossible in the absence of energy-efficient technologies available to
people.

Environmental Influence energy consumption and energy behavior in terms of climate
conditions (e.g., cold weather requires more energy to maintain a
comfortable indoor temperature than warm weather (Calvillo et al, 2016);
households living in cold climates are more motivated to implement energy
efficient appliances and improvements because the bills are high (Nair et al,
2010)).

Technological Influence energy consumption and energy behavior in terms of building and
material characteristics (e.g., some materials are better at retaining heat in
cold weather and providing air conditioning in hot weather than others
(Pulselli et al., 2009))

Source: compiled by the author.

Since the territory of consideration is a separate region of the country represented by the
federal city of St. Petersburg, special attention is paid to internal and external factors which
determine the energy behavior of city’s households and may influence shifts in their behavior. We
focus on socio-demographic, psychological and dwelling variables from the list of internal factors,
environmental and technological variables from the list of external factors. Situational factors are
not presented in this paper, since they determine the behavior of all households in the city and do

not allow to explain the variability in the behavior of different households.

1.2 Literature review of factors influencing household energy consumption and
conservation
1.2.1 Socio-demographic factors
As far as the energy behavior of households is associated with habitual and daily actions
which require recurring efforts to reduce energy use, or with purchasing activities which require a
monetary investments and sometimes structural adjustments, the household energy conservation
and efficiency are related to the wide range of socio-demographic variables (Frederiks et al, 2015).
When people are involved in some certain activities they can be affected by some opportunities
and constraints which are characteristic of people in certain living conditions. Such socio-

demographic factors as household income, education level, and many others can influence
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people’s abilities and limitations, and therefore determine the amount, frequency, and duration of
energy use.

In academic papers, researchers usually identify the following socio-demographic factors:
age, gender, level of education, income, employment status, household size, stage of the family
life cycle (Frederiks et al, 2015). Age and gender are among the most frequently used variables in
household energy behavior studies. Some studies suggest that energy consumption increases with
the age of the household head, so they indicate the positive relationship between age and energy
consumption (Nair et al, 2010). This may be because older people are less likely to apply measures
increasing energy efficiency. At the same time, there are suggestions of a presence of the
relationship between gender and energy consumption, namely that women are more likely to
exhibit pro-environmental behavior than men (Zelezny et al, 2000). However, many other studies
reject the existence of any statistically significant relationship between energy consumption and
such factors as age and gender, suggesting that there is no consistent empirical support for age and
gender differences in energy consumption (Abrahamse, Steg, 2009; Frederiks et al, 2015).

Some studies highlight a significant effect that the level of education has on pro-
environmental behavior and energy use (Semenza et al, 2008; Nair et al, 2010). The level of
education of a person reflects the knowledge that he possesses and his awareness of various issues,
including energy consumption. Thus, greater awareness of environmental issues and energy
consumption can influence intentions to save energy and invest in energy efficiency. However, a
high level of education does not always translate directly into pro-environmental behavior: in fact,
in many domains of human behavior there is often a “knowledge-action gap”, not only in terms of
pro-environmental behavior, but also concerning the household energy consumption and
conservation (Kollmuss, Agyeman, 2002; Barr et al, 2005; Frederiks et al, 2015).

The employment status of household members can indirectly influence energy
consumption by reflecting the household's socioeconomic status and financial capacity. It is
positively correlated with household income, which is one of the most powerful predictors of
energy behavior according to most studies in this area (Frederiks et al, 2015). There is an
assumption that the high-income households tend to consume more energy than low-income
households as they use appliances more intensively and more sensitive to comfortable conditions
(Abrahamse, Steg, 2009). At the same time, high-income households may have more intentions to
use energy more efficiently, as they can afford the financial costs of energy efficient appliances
and investments in energy efficient retrofits (Trotta, 2018). In this regard, the electricity
consumption of high-income households per unit of time or per unit of performed function should
be lower than that of low-income households, what is achieved through the purchasing energy

efficient technologies.
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According to many studies, total household energy consumption is positively related to
household size and composition, so that larger households tend to consume more energy as
compared to smaller households (Frederiks et al, 2015). This can be explained by the fact that
larger households tend to have more energy-intensive appliances, larger incomes to spend on
energy, and greater energy demands, including cooking, washing, cleaning, heating, or air
conditioning. In addition, the presence of children in the family can also explain variability in
energy consumption of different households. Having children can mean higher household
requirements and demands, which also increases appliance usage and energy consumption (Chen
etal, 2017).

1.2.2 Psychological factors

While socio-demographic factors have an important influence on energy consumption and
conservation at the household level, personal and psychological factors can also play an important
role. Such psychological factors as knowledge and awareness of issues (both environmental and
energy); values and attitudes; intentions; personal and social norms are most commonly associated
with household energy use (Frederiks et al, 2015).

In terms of energy consumption, energy-related knowledge reflects the level of knowledge,
awareness and understanding of energy costs, energy-saving behavior and the consequences of
such behavior, which can translate into benefits from energy conservation and lower bills
(Frederiks et al, 2015). At the same time, greater awareness and knowledge of environmental
issues, such as global warming, greenhouse gas emissions, are usually positively associated with
pro-environmental behavior, which also includes energy conservation (Trotta, 2018).

Values reflect an abstract and relatively stable set of beliefs, ideals and standards that serve
as guiding principles in life (for example, a person's general sense of right and wrong), while
attitudes reflect more specific positive or negative assessments of a particular idea, object, person,
situation or activity (Frederiks et al, 2015). Many studies aimed at studying the role of values and
attitudes in the context of pro-environmental behavior, including sustainable energy behavior,
have found empirical evidence of a positive relationship between these variables. People who
exhibited more environmental values were more likely to report a positive intention towards
energy conservation (Trotta, 2018). Nevertheless, many studies indicate that the strength of these
associations is weak or insignificant (Frederiks et al, 2015). It is stated that values and attitudes
can contribute to sustainable energy behavior or to demonstrated willingness to perform in this
way, but they do not directly lead to an actual reduction in energy consumption and were called
“value-action gap” and “attitude-action gap” respectively (Huddart-Kennedy et al, 2009). In this

context, many people express beliefs about the negative effects of environmental problems,
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positively assess sustainability, green or energy efficient technologies, and demonstrate intentions
to reduce household energy use, but in practice they often fail to translate them into real actions.

Personal comfort, in particular the perceived loss of comfort from energy conservation
activities, can be negatively associated with household energy consumption (Barr et al, 2005).
Actually, any reduction in personal comfort may be perceived by people as a threat to quality of
their life and create incentives to abandon pro-environmental behavior. Considering that household
energy consumption may not be directly related to energy demand, but demand for energy-
intensive activities such as lighting, water heating, cooking, space heating and air cooling, high
household’s requirements for comfort and quality of life may be driving an increase in their energy
consumption (Trotta, 2018).

People driven by certain intentions may be more prone to energy conservation behavior,
although the presence of these intentions does not automatically lead to a reduction in energy
consumption (Frederiks et al, 2015). For example, people's intention to engage in pro-
environmental behavior may entail a consequent intention to reduce energy consumption.
However, there is evidence in the literature of a discrepancy between demonstrated intentions and
actual behavior, referred to as the intention-action gap, and can be described by the weak
explanatory power of intentions in predicting actual behavior, as well as weak support for the

effect of change in behavioral intentions on subsequent change in behavior (Sheeran, 2011).

1.2.3 Behavioral biases and anomalies

Traditional economic theory states that human behavior and decision making are based on
rational choice. Neoclassical approaches are also based on fundamental assumptions associated
with rational choice theory. According to them, people have rational preferences among possible
alternatives and act independently, having complete and reliable information. Based on these
assumptions, traditional economic models claim that a person makes decisions that maximize his
utility and comply with given budget constraints (Trotta, 2018). Thus, the behavior of economic
agents can be improved by providing people with economic incentives, better information, and
more alternatives.

However, empirical research devoted to behavioral economics shows that consumer
behavior and actions systematically deviate from neoclassical assumptions about rationality.
Actually, human decision making is rarely rational and contains fundamental and persistent biases
that cannot be accounted for according to neoclassical teachings (Trotta, 2018). Many of these
biases stem from simple "rules of thumb", "heuristics", and mental "shortcuts™ that alleviate the
need for more intensive information processing, thereby speeding up problem solving and decision

making, especially in situations characterized by high levels of choice complexity, risk, and
17



uncertainty (Tversky, Kahneman, 1974). Such examples of behavioral biases as retention of the
status-quo, loss aversion and risk aversion are the most typical for energy consumption in terms
of predicting and changing household behavior towards sustainability.

Many studies in this area have confirmed that people tend to stick to the status quo or
default settings because the disadvantages of leaving it are perceived more painful than the benefits
(Kahneman et al, 1991). It means that people tend to resist change, even if the alternatives offer
greater material or financial benefits. For example, a field study of electrical consumer behavior
found that consumer preferences are strongly associated with an option labeled as the status quo
(Kahneman et al, 1991). Another side of the retention to status quo bias can be the endowment
effect, which reflects the fact that people often demand much more to give up an object than they
would be willing to pay to acquire it (Kahneman et al, 1991). An example of the endowment effect
in household energy consumption and conservation is the tendency of consumers to use old energy
appliances, even when it becomes economically disadvantageous. In addition, status quo bias can
be provoked by the formulation of choice outcomes, which is called "framing of outcomes". This
phenomenon means that choices can be formulated in different ways: as gains and losses relative
to the status quo, or as new wealth relative to the original level. The results of studies show that
the requirement of invariance of the order of preferences when the description of outcomes
changes, is violated in the decision-making process, which makes it possible to judge the presence
of a status quo bias (Kahneman, Tversky, 1984).

Another characteristic feature of irrational behavior is loss aversion, which is expressed in
the fact that people usually perceive the loss of some amount of money more sensitively than an
equivalent gain. Thus, the hypothetical value function of decision in the conditions of risk will be
much steeper in the loss domain than in the gain domain (Kahneman et al, 1991). Typically, people
focus on the risks, benefits, and costs associated with changing behavior to a new one or
purchasing a new product or device. For example, concerning household energy efficiency
investments, loss aversion makes people feel the loss of money from buying a more expensive and
energy efficient appliance more painfully than the benefits of subsequent energy bill savings. And
for household energy conservation, loss aversion can lead people to value the time and
psychological cost of behavior change higher than the potential financial benefits of energy saving.

Numerous studies have been conducted to confirm the effect of risk aversion, as a result of
which it was found that people avoid risk when it related to a guaranteed gain and seek risk in the
event of an equivalent guaranteed loss (Kahneman, Tversky, 1979). Moreover, in other studies,
the dependence of the degree of desire for risk on the size of bets was noticed, then called the
“peanut effect”. This effect describes the tendency for people to be more risk-seeking in small-

stakes games and risk-averse in high-stakes games (Trotta, 2018). Given that investments in
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energy efficiency measures are usually associated with high costs, it can be assumed that
consumers will be less inclined to make these investments. In addition, when comparing the cost
of a conventional and energy efficient appliance, the consumer may associate the additional cost
of purchasing the second one as a waste if the benefits of subsequent savings are not taken into
account. In this case, the definition of payments as deadweight losses can affect the perception of

purchase by the decision-making person (Kahneman, Tversky, 1984).

1.2.4 Technological and environmental factors

In urban reality, commercial and residential buildings are the largest consumers of energy
and are responsible for about three quarters of the city’s total greenhouse gas emissions (Calvillo
et al, 2016). In this regard, one of the biggest challenges of modern buildings and structures is to
reduce energy consumption without sacrificing the comfort of end users. The academic literature
indicates a significant influence of the technical characteristics of building envelopes on the energy
consumption during its exploitation. In fact, the physical properties of the various materials used
in construction lead to significant differences in the further heat loss observed in the building, or
in the presence of the greenhouse effect in hot weather. Some materials retain heat better in cold
weather and provide better air conditioning in hot weather, allowing building occupants to save
more energy for heating or air conditioning (Pulselli et al., 2009). It was stated in early research
that considering technological factors together allows to explain at least half of the household
energy use with the remaining half determined by the features and behavior of occupants (Schipper
et al, 2003).

The technology used in the construction of building envelope can be an example of how
the technical characteristics of a building affect energy consumption during its exploitation. Thus,
when comparing buildings with traditional air-cavity walls, insulated walls and ventilated walls,
it was found that the use of the latter two technologies allows to store more heat in the cold season
and release more heat in the hot season, which saves more energy for heating and air conditioning.
It is noted that the geographic location and climate have a significant impact on the amount of
savings obtained and the payback period of the investment (Pulselli et al, 2009). In this context,
technical characteristics of building envelopes are closely connected with the climate conditions.
For example, above mentioned study concludes that the energy-efficient building envelope can
achieve better results and has a shorter payback period in locations with extreme climatic
conditions by the example of Berlin (northern location) and Palermo (southern location) as
compared to locations with a temperate climate by the example of Barcelona (Pulselli et al, 2009).

The technical characteristics and materials of the production of the building not only affect

the energy consumption during the operation of the building, but also require direct energy costs
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for their production. As a rule, recommendations regarding the use of certain materials also depend
largely on the geographic location of the building and the climate, with emphasis on the use of
recyclable materials (Pulselli et al, 2009).

When taking into account only technical characteristics of buildings envelopes we assume
that households are passive consumers of the energy provided. In this case, they consume all the
energy provided and react only to changes in environmental conditions. However, household-level
energy consumption surveys have found significant variation in energy consumption in identical
houses that cannot be explained by infrastructural differences alone (Trotta, 2018). Therefore, the
availability of technical systems that allow manual or automatic regulation of energy consumption
is considered to be a significant factor explaining energy consumption in residential buildings
(Calvillo et al, 2016). Such systems include thermostats that allow you to turn the heating on and
off, as well as regulate the air temperature in the room, systems that control lighting and household

appliances usage.

1.2.5 Dwelling factors

Various studies highlight factors associated with building parameters in addition to the
technological aspects of the used materials. For instance, the type of dwelling (for example, an
apartment or a private house) has a direct effect on the energy consumption of the households
living in them, since different types of dwellings vary in important characteristics such as number
of rooms, floor area, surface area of walls and others (Frederiks et al, 2015). Considering dwelling
characteristics, it was demonstrated that households living in larger dwellings in terms of number
of rooms or floor area tend to use more energy because a larger dwelling requires more electrical
appliances and a correspondingly higher energy consumption (Santin, 2011). In addition, a large
dwelling should retain less heat and require additional household heating efforts compared to
smaller dwellings due to a larger volume of internal space and a larger area of walls’ contact with
the external environment.

Also, it is often expected that the age of the house is positively associated with energy
consumption, since older houses have a lower energy efficiency standard, which can be expressed
by less efficient heating or cooling, poor insulation, or the impossibility to use energy efficient
appliances (Nair et al, 2010). In this context, the year of the last renovation, which usually raises
the energy efficiency standard of the whole house, can also be taken into account as significant
factor.

Additionally, home ownership should also have an impact on household energy
consumption. Homeowners are more likely to invest in energy efficiency measures as compared

to tenants because they usually have more incomes and financial possibilities; they get a greater
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return on energy efficiency investment because they own the realty on a full-time basis. In contrast,
tenants generally have no incentives to invest in energy efficiency measures due to their short
tenure period and low return on investment (Chen et al, 2017).

1.3 Summary of key findings

The review of the literature shows that energy behavior of households is associated with
many socio-demographic, psychological, dwelling and technological factors, but this relationship
is not always statistically significant or straightforward. Most of the considered factors actually
interact in complex ways with other variables, which creates the possibility of a moderation effect,
consisting in the fact that the influence of one of the factors on energy conservation and energy
efficiency depends on the presence of another variable. In this case, it is difficult to say that there
is a direct relationship between a certain pool of individual-level factors and household energy
consumption. It is more likely that there are many factors that collectively determine the nature,
intensity and duration of household energy consumption (Frederiks et al, 2015). These complexity
and inconsistency make it difficult to draw specific conclusions about the effects in terms of the
size and direction of the impact of a single variable on household energy behavior, especially with
the aim of generalizing the results to the population. The set of identified factors and their
relationship with scientific research that revealed their influence on the target variable are
systematized and shown in Table 2.

Regarding environmental and technological factors, it can be concluded that they form the
most stable trends in consistency and replicability, since they demonstrate the influence of
objectively reliable conditions without considering the human factor. It was determined that some
materials are much better adapted to maintain a comfortable indoor climate, regardless of the
external environment. On the other hand, climate conditions also deserve attention, since they
shape the environment in which a person lives and the difficulties that he faces in the process of
energy usage. This allows us to conclude that environmental factors should be taken into account
in the analysis as an objective environment as determining the behavior of people in it, all other
things being equal. Technological factors, such as the material of the building envelopes, as well
as dwelling characteristics, such as area, type, age, number of rooms, are more likely to vary within
the same location, and therefore should be taken into account in the process of researching
individual characteristics of households and their influence on energy consumption and efficiency.

Concerning socio-demographic variables, it was concluded that factors such as household
income, family size and composition are strongly associated with household energy consumption
and their propensity to conserve energy and invest in energy efficiency. However, these effects are

often mixed, as shown in studies suggesting a curvilinear relationship between certain socio-
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demographic factors and energy behavior, often drawing conclusions that are not supported by
other studies. For example, some studies show that households with average incomes are more
likely to conserve energy as compared to households with low or high incomes (Frederiks et al,
2015). At the same time, most studies consider just a linear relationship, which leads to the
conclusion that household energy consumption increases with income growth (Abrahamse, Steg,
2009; Abrahamse, Steg, 2011). This overlooks the idea that higher income households have more
opportunities to invest in energy efficiency through the purchase and adaptation of energy efficient
appliances and retrofits. It can be concluded that the extent to which socio-demographic variables
affect household energy consumption depends on complex and dynamic relationships between
different variables, sometimes even unfolding over time.

From the perspective of psychological predictors of energy usage in the academic
literature, it is possible to identify a group of factors that play an important role, with normative
social impact usually having the strongest influence (Frederiks et al, 2015). The difficulty lies in
determining the influence of such psychological variables as knowledge and awareness, beliefs,
values and attitudes, goals, motives and intentions, which are usually poor predictors of energy
consumption patterns. The lack of systematic and consistent findings indicates that
environmentally friendly knowledge, goals, and intentions are poor predictors of environmentally
friendly actions because good intentions are poorly converted into actual behavior. In addition,
empirical evidence suggests that the influence of many psychological variables is often small and
does not reach statistical significance compared to socio-demographic predictors (Abrahamse,
Steg, 2009; Abrahamse, Steg, 2011). Based on the review of psychological factors, it can be
concluded that recommendations regarding energy conservation of households should help people
act in accordance with their true values, beliefs and attitudes, and ultimately stimulate desired
behavior in accordance with their good intentions.

Also, a small review of theories of behavioral economics, revealing the behavioral biases
and anomalies of human’s behavior, allows to better understand and explain the problems of the
low significance of psychological factors. Often people act intuitively and neglect their knowledge,
intentions, values and goals due to the way the human brain works. It is necessary to take into
account these problems in the course of developing recommendations that are aimed at stimulating
people to act in accordance with their true motives. In addition, it is important to remember that at
the stage of implementing a strategy aimed at improving energy conservation of households,
unexpected and undesirable results may emerge, since framing of this strategy leads to a negative
perception of the proposed solutions by the target population.

Based on the review of the literature, a research gap was identified in studies on energy

behavior. Most studies take into account socio-demographic and psychological factors, while some
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of them examine the influence of individual groups of variables without taking into account the
objective personal parameters of households. At the same time, the list of socio-demographic
parameters differs in studies, and it is rather difficult to trace the rationale for the choice of certain
variables for analysis: the choice of variables is mainly determined by the formulated research
hypothesis. Nevertheless, according to a review of the literature, we found that stimulating factors
differ significantly in different groups of consumers, united by socio-demographic or behavioral
characteristics. This may explain the low strength of the influence of the studied variables in
current studies, where heterogeneous data are usually taken for analysis and only a small part of
the variation in the dependent variable, reflecting the energy behavior of households, can be
explained. Thus, this study focuses on the application of an integrated approach that combines
socio-demographic factors, psychological factors, and considers the differences in stimulating
factors of various users’ profiles, in response to the limitations of previous research in this area.
General findings regarding the theoretical aspect of the factors stimulating energy
conservation and energy efficiency of households allow us to conclude how strong differences can
be in the socio-demographic, psychological and behavioral characteristics of different types of
consumers. When developing recommendations, it is necessary to rely on certain portraits of users
that exist in the target population in a certain area. Differences in personal characteristics create
significant gaps in the needs, living conditions and environment of particular categories of
consumers, which suggests that their ability and willingness to control energy use through certain
actions will also be different. Understanding the unique profiles of users allows to better formulate
recommendations for effective behavior change, as well as strategies that can support these

changes in the groups of interest.

1.4 Research methodology
1.4.1 Overview of previous research
The review of the literature shows the wide variety of approaches that are used in studies
on household energy consumption, conservation and efficiency. In addition to differences in the
definition of explanatory variables, or factors that influence household energy behavior, studies
differ in approaches to determining the dependent variable to study, or studied behavior, the
statistical models used, sample sizes, geographic location, and other parameters. Methods for
studying the energy consumption, energy conservation and energy efficiency of households, which

were used in different academic works, are systematized and compared in Table 3.

23



Table 2 Factors determining household energy consumption and conservation.
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Gaspar, Antunes (2011)

Abrahamse, Steg (2011)

Ajzen (2012)

Karlin et al (2014)

Frederiks et al (2015)

Calvillo et al (2016)

Chen et al (2017)

Trotta (2018)

Russell, Knoeri (2019)

Source: compiled by the author.
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Among the studies reviewed, it is noteworthy that longitudinal studies are not frequently
used as compared to cross sectional studies which are often conducted by researchers. Longitudinal
study is a research design that involves the repeated observation of the same respondents over a
period of time in the context of the same variables, which is used to study rapid fluctuations in
behavior or to study causal relationships between different variables (Shadish et al, 2002). At the
same time, cross sectional study involves the study of variables that characterize a general
population or its representative subset at a particular point in time. Cross sectional study does not
allow establishing causal relationships between the target behavior and a set of factors and is used
only for detecting a correlation between them.

As a variable for a study, authors often choose actual energy consumption or the
implementation of certain actions aimed at reducing energy consumption or improving the energy
efficiency of dwelling. At the same time, depending on the chosen dependent variable of the
model, the authors use similar methods to detect and describe relationships: for actual energy
consumption and curtailment behavior, it is possible to use hierarchical regression analysis
(Abrahamse, Steg, 2009; Abrahamse, Steg, 2011), and for efficiency behavior — factor analysis
(Barr et al, 2005; Chen et al, 2017), principal component analysis (Huddart-Kennedy et al, 2009;
Chenetal, 2017; Trotta, 2018), and logistic regression models (Semenza et al, 2008; Trotta, 2018).
In the first case, the researcher's motivation is to measure the marginal effect that occurs when one
of the variables changes while the other variables remain constant, which allows to understand in
what ways it is possible to manage household curtailment behavior. In the second case, researchers
are interested in grouping factors with similar properties and measuring the probability that
respondents will carry out efficiency behavior depending on a change in a particular factor.

In addition, for all types of research, it is possible to use cluster analysis methods (Santin,
2011) to group energy consumers depending on their propensity to curtailment and efficiency

behaviors or socio-demographic and psychological characteristics.

1.4.2 Organization of the study

As a result of the review of the literature, which covers approaches to identifying factors
that influence household energy conservation and energy efficiency, as well as the types of
behaviors for the study and the methods used to identify relationships between variables, the
organization of this study can be drawn. The next paragraph will present a theoretical model of
household energy behavior depending on the groups of factors identified as a result of the literature
review. In addition, hypotheses will be put forward regarding the influence of various factors on
household energy behavior, which are also obtained as a result of studying the experience of

researchers in this field.
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Table 3 Methods for analysis of household energy consumption.

Year | Author(s) Country Dependent variable(s) Sample Data source Methods used
size
2005 | Barr S., Devon, United Energy saving purchase 1265 Hand-delivered Cross-sectional study:
Gilg AW., Kingdom decisions, habits and recycling | households | survey Factor analysis, cluster analysis
Ford N. practice
2007 | Sardianou E. Greece Energy conservation behavior | 500 Face-to-face Cross-sectional study:
respondents | home interviews | Ordinary least squares regression
analysis
2008 | Semenza J.C., Portland, Behavior change related to 1202 Random-digit- Cross-sectional study:
Hall D.E., Houston, USA | climate change respondents | dial telephone Logistic regression models, Chi-square
Wilson D.J., survey and Pearson correlation analyses
Bontempo B.D.,
Sailor D.J.,
George L.A.
2009 | Huddart- Ten provinces Self-reported gap between 1664 e-mail survey Cross-sectional study:
Kennedy E., of Canada households’ environmental households Principal components analysis,
Beckley T.M., values and factual behavior explanatory data analysis
McFarlane B.L.,
Nadeau S.
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Year | Author(s) Country Dependent variable(s) Sample Data source Methods used
size
2009 | Abrahamse W., | Groningen, Energy use: calculated 189 An internet-based | Longitudinal study (3 questionnaires
Steg, L. Netherlands according to appliances owned | households | questionnaire were provided during the 5 months):
and reported frequency of its Correlation analysis, Hierarchical
use. regression analysis
2010 | Nair G., Sweden Actions to reduce energy use, | 1025 e-mail stratified Cross-sectional study:
Gustavsson L., investments in energy households | survey Correlation analysis
Mahapatra K. measures during the last 2
years
2011 | Santin O.G. Leidsche Rijn, Energy consumption for space | 313 Hand-delivered Cross-sectional study:
Wateringse Veld | and water heating households | survey Correlation analysis, exploratory factor
districts, analysis, Cluster analysis
Netherlands
2011 | Abrahamse W., | Netherlands Annual gas and electricity use, | 199 Online survey Longitudinal study (2 questionnaires
Steg L. the percentage of energy households | through web-site | before and after the course of the

households were intending to
save during the course of the

study.

study):

Hierarchical regression analysis
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Year | Author(s) Country Dependent variable(s) Sample Data source Methods used
size
2011 | Gaspar R., Ireland, Purchase of energy efficient 1432 Face-to-face in- Cross-sectional study:
Antunes D. Germany, appliance respondents | store interviews Correlation analysis, regression
Portugal, analysis
Greece, Poland,
Spain, Italy
2014 | Karlin B., USA Energy conservation behavior | 540 Internet-based Cross-sectional study:
Davis N., respondents | survey Factor analysis, correlation analysis,
Sanguinetti A., regression analysis
Gamble K.,
Kirkby D.,
Stokols D.
2017 | Chen C.-F., 50 states of Intention to conserve energy: 248 Internet-based Cross-sectional study:
Xu X., USA intention of performing asked | households | survey Principal Component Analysis,
Day J.K. behaviors over the next three Hierarchical regression analysis, Factor

months.

analysis
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Year | Author(s) Country Dependent variable(s) Sample Data source Methods used
size
2018 | Trotta G. England, United | The frequency of energy- 2009 Face-to-face Cross-sectional study:

Kingdom saving behavior, the respondents | interviews Nonlinear principal components
probability of having bought analysis, ordinary least squares (OLS)
an energy efficient appliance regression, probit models
or having made at least one
energy efficient retrofit
measure.

2019 | Russell S., United Kingdom | Water conservation intentions | 1196 Internet-based Cross-sectional study:
Knoeri C. respondents | survey Hierarchical regression analysis,

Source: compiled by the author.
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Second chapter will present the results of empirical research and testing of theoretical
hypotheses. The empirical part includes a description of the methodology and data used for
analysis, namely methods for researching data and models construction, the source of data
collection and modeled results. Also, the empirical part includes the interpretation of the results
obtained in the course of the empirical study, as well as recommendations for the development of
the policy regulation, which can be used by the authorities of St. Petersburg, resource-supplying
organizations and development institutions to formulate policies to stimulate energy conservation
and energy efficiency of households. Finally, empirical part represents limitations that are typical
for this type of study in accordance with the type of data, the size and representativeness of the
sample.

Finally, conclusion contains a summary of the study, including the results of the
classification of household energy behaviors and the identification of influencing factors used in
the literature, as well as recommendations formed on the basis of an econometric analysis of

curtailment and efficiency behaviors models and household profiles based on the cluster analysis.

1.5 Theoretical study
1.5.1 Theoretical framework

The review of the literature and the integration of approaches that are most common in
studies devoted to the household energy conservation and efficiency allows to construct the model
which can be used as a theoretical framework of this study. The model is an integrative approach
to determining the factors that affect household energy conservation and energy efficiency, which
are mostly preferred by modern researchers. The theoretical model of energy consumption, energy
conservation and energy efficiency of households is schematically presented in Figure 2.

Energy consumption in physical terms depends both on technological factors, including
the type of configuration of the energy supply network, type and size of the dwelling, the age of
the dwelling, the material of the external walls of the building (Pulselli et al, 2009), and on the
behavioral factors of the people who live in it.

At the same time, the energy behavior of households is the subject of closer study by
researchers due to its complexity and ambiguity. The approach to identifying factors influencing
household behavior applies ideas from early studies of pro-environmental behavior that suggest a
strong consistent relationship between knowledge, intention, and action. Subsequently, the model
was expanded and supplemented by psychological factors that better explained the intentions of
people and how they are transformed into actual behavior. Thus, the role of psychological factors
in the energy behavior of households in various articles is explained taking into account the

developed Models of predictors of environmental behavior (Hines et al, 1986), Theory of
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Reasoned Action, Theory of Planned Behavior (Ajzen, Fishbein, 1975; Ajzen, Fishbein, 1980),
Model of ecological behavior (Fietkau, Kessel, 1981) and others. At the same time, the integrative
approach also includes socio-demographic factors in the model, which are decisive in the
formation of preferences and needs of households, and also describe differences in the behavior of
people with different social and economic status (Van Raaij, Verhallen, 1983; Wilson,
Dowlatabadi, 2007). As for a studied types of energy behavior, researchers usually take
households’ curtailment behavior which is expressed in daily actions to reduce energy
consumption, and efficiency behavior which is expressed in purchase and adoption of energy-
efficient appliances and investments in energy-efficient retrofit.

In addition, researchers note the great importance of situational factors, for example: socio-
cultural, economic, political, legal and institutional, which explain differences in energy
consumption and energy conservation behavior in different communities, cities and countries
(Frederiks et al, 2015). Behavioral biases and anomalies deserve special attention, which were
applied to explain the energy behavior of households after the popularization of Prospect theory
and other heuristics and biases during decision making under uncertainty (Kahneman, Tversky,
1979; Kahneman, Tversky, 1984). Consideration of situational factors and behavioral biases is
beyond the scope of this paper, since the former should not lead to differences in the behavior of
people in asingle environment in the form of a city, and the latter require the use of an experimental
study design and are not amenable to study in the framework of an observational study.

Summing up, we can conclude that household energy behavior is a complex process
influenced by many factors, including socio-demographic, psychological, technological,
environmental and situational, their intersections, which together affect the behavior of households

when consuming energy.

1.5.2 Research hypotheses

Based on the results of existing research in the field of energy behavior of households, and
on the theoretical research framework defined in the previous paragraph, we can formulate
hypotheses regarding the relationship and significance of influence of stimulating factors. Among
the socio-demographic factors there are income and household composition that are most often
identified as significant since they directly determine the preferences and opportunities of the
household in terms of energy conservation and energy efficiency (Frederiks et al, 2015). Other
socio-demographic factors such as gender, age, education and employment status are not expected
to be significant, what corresponds to the results of recent years research (Frederiks et al, 2015).
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INTERNAL FACTORS EXTERNAL FACTORS

Socio-demographic factors Behavioral intentions Situational factors
—age —laws, regulations and policies
—gender —available technology
—education —pricing
—employment status —information, mass media and
—income S advertising
—household size Energy behavior —neighborhood factors
—home ownership —Everyday actions to —broader public norms and
conserve the energy community expectations
—Adoption of energy —socio-cultural traditions and
: efficient appliances customs
Psychological factors —Investment in energy '
—knowledge and awareness efficient retrofit Dwelling factors

—values and attitudes —dwelling type and size

—personal norms —dwelling age
—social norms gag

—perceived responsibility )
—personality tendencies (e.g., Technologlcal factors

altruism, self-efficacy, perceived _
behavioral control) Energy consumption

—presence of control system for
energy management

—configuration type

—the material of the building

Behavioral Biases envelope
—retention of the status-quo :
—loss aversion Environmental factors

—risk aversion " =
—geographical location

—climate conditions

Figure 2 Theoretical framework of household energy behavior

Source: compiled by the author with use of: (Frederiks et al, 2015, p. 577; Kollmuss, Agyeman, 2002, pp. 241-246; Barr et al, 2005, p. 1428;
Blasch, Daminato, 2020, p. 186)
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H(1): The socio-demographic characteristics of the household influence its energy
behavior. Income and household size and composition are more likely to affect the curtailment
and efficiency behavior in different ways, on the one hand, leading to an increase (decrease) in
the intensity of curtailment behavior, and on the other hand, to a decrease (increase) in efficiency

behavior.

Psychological factors are expected to be significant when influencing curtailment behavior
of respondents. Nevertheless, we expect that psychological factors to a lesser extent influence the
efficiency behavior of households, which is associated mainly with objective factors and rational
reasons.

H(2): The psychological characteristics of the household determines its energy behavior.
Knowledge, values, personal and social norms, and other psychological factors are more likely to

explain the intentions to carry out the curtailment behavior than the efficiency behavior.

Consistent with previous research, dwelling characteristics are objective factors that
establish living conditions and form rational reasons for investing in efficiency behavior. It is also
expected that dwelling factors explain to a lesser extent the curtailment behavior of households,
which is driven by personal characteristics and psychological profiles.

H(3): The dwelling characteristics of the household has an impact on its efficiency
behavior. Dwelling type, age and size, period of living, ownership status, presence of control
systems and configuration of energy supply systems are more likely to determine the intentions to

carry out the efficiency behavior than curtailment behavior.

In general, a combination of various socio-demographic, psychological and dwelling
factors should form a statistically significant model that can determine whether the respondent
demonstrates the curtailment and efficiency behavior or whether he has intentions to implement
it.

Moreover, households can be grouped according to intensity and frequency of energy
conservation, socio-demographic, psychological and dwelling factors, what will form different
preferences, opportunities and demands in terms of energy behavior. In this context, it is expected
that households can be successfully divided into energy-wasting and energy-saving consumers.

H(4): Households can be grouped according to intensity and frequency of energy behavior,
explained in terms of different socio-demographic, psychological and dwelling characteristics
reflecting their interests and preferences in terms of energy conservation and energy efficiency

and classified as an energy-wasting or energy-saving type of consumer.
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2. EMPIRICAL STUDY OF FACTORS STIMULATING
ENERGY CONSERVATION AND ENERGY EFFICIENCY OF HOUSEHOLDS
IN ST. PETERSBURG

2.1 Methodology and data
2.1.1 Methods used for empirical study

The methodology of this empirical study is based on the accumulated experience of
conducted research in the field of household energy behavior. In this work we do not limit
ourselves by studying a single aspect of energy behavior but use a variety of methods used in
previous studies to build models. This section presents the methods that formed the basis of
econometric analysis, indicating the logic and premises of application, as well as references to
previous studies.

In the first part of the empirical study, the quantitative measurement and assessment of the
intensity of energy conservation behavior of households was carried out, according to the answers
to questions 17-18 of the questionnaire. Similarly, it was necessary to evaluate and measure
psychological characteristics of the respondents, according to the answers to questions 23-23 of
the questionnaire. To solve this problem, G. Trotta, in the study of factors affecting energy saving
and investment in energy efficiency of UK households, uses the principal component analysis
(PCA), which is a statistical method for reducing the dimensionality of a data set (Trotta, 2018).
Technically, PCA search for new variables which are the linear combinations of original variables
by maximizing their explained variance (Das, 2019). In this case, the first principal component
explains the maximum variance in the initial sample, the second principal component has the
second largest variance and does not correlate with the first. The total number of principal
components that can be obtained from a given dataset is equal to the number of variables in the
set, however, one or more principal components is enough to explain most of the data variance
and thus reduce the dimensionality of the data. In general terms, the implementation of PCA on a
dataset with n- number of variables can be illustrated by following formulas (Das, 2019):

PCi = 11 *x Xy +prpx Xo+ -+ P1n*x Xy (1)
PCy = o1 % X1+ Poa* Xpg+ o+ Pop * Xy

PCp= p1* X1+ Pna* Xog+ -+ pp x Xy
while:
p(PC;,PC;) =0 and Var(PC,) > Var(PC,) > - > Var(PCy)
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Thus, the use of the PCA allows us to identify new variables that explain the maximum
variance of the corresponding sets of questions. As a result of the first part of the empirical study,
we obtained variables that characterize the intensity of energy conservation of households and the
psychological characteristics of respondents which describe the attitude of respondents to energy
conservation and pro-environmental behavior.

The second part of the empirical study is to build econometric models that characterize
different energy behaviors of households. The review of the literature, carried out in the Chapter
1 of this work, made it possible to highlight the main aspects of households’ energy behaviors
depending on the frequency and financial and behavioral cost of their implementation. Similarly
with many previous studies, the multiple linear regression model is used to identify factors that
influence curtailment behavior (Abrahamse, Steg, 2009; Abrahamse, Steg, 2011; Chen et al, 2017;
Trotta, 2018). Multiple linear regression is used to study how much the dependent variable changes
when one independent variable changes, assuming that the other variables remain unchanged, and

can be expressed as follows (Das, 2019):

Curtailment ; = Bo+ L1 * X1+ -+ B * X (2)
while:
Curtailment j — dependent variable expressing the intensity and frequency of various daily energy
conserving actions of households.
X1, ..., Xn — independent variables, factors influencing the energy conservation of households.

At the same time, in order to identify the factors influencing the efficiency behavior of
households, namely the purchase of energy-efficient appliances and the installation of energy-
efficient retrofits, it is necessary to take into account the features of the dependent variables which
characterize them. The corresponding dependent variables are binary, that is, they take only 2
values (0 and 1), which indicate, respectively, the absence of the fact and the presence of the fact
of purchasing an energy-efficient appliance or installing an energy-efficient retrofit. Therefore, in
the case of efficient household behavior, we turn to linear probability models using logit
transformation as a link function, as well as in similar studies of household energy conservation

(Semenza et al, 2008; Trotta, 2018). These models can be represented as follows (Das, 2019):

P(Appliances; = 1 |X1, X5, ..., Xp|) = F(Bo + P1X1 + B2 Xo + o+ BrXy) (3)

1
14+ e~ (Bo+B1X1+B2X2+ .+ BnXn) (4)

P(Appliances; = 11X, X,, ..., X, |) =
while:

Appliances i — dependent variable expressing the purchase of an energy-efficient appliance.
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X1, X2, ..., Xn — independent variables, factors influencing the energy conservation of households.
F(Bo + B1X1 + BoX2 + ...+ (X)) — link function.

P(RetrofitSi =1 |X1,X2, ,an) = F(ﬁo + ﬁle + BZXZ + ...+ ﬁan) (5)

1
1+ e~ (BotB1X1+B2X2+ .+ BfnXn) (6)

P(Retrofits; = 11X, X5, ..., Xp|) =
while:
Retrofits i — dependent variable expressing the fact of energy-efficient retrofit installation.
X1, X2, ..., Xa — independent variables, factors influencing the energy conservation of households.
F(Bo + f1X1 + B2X, + ...+ B,X,) — link function.

The third and final stage of empirical analysis includes the application of cluster analysis
to identify the main categories of consumers, their preferences and attitudes towards energy
conservation and energy efficiency in accordance with previous studies (Barr et al, 2005; Santin,
2011). Hierarchical clustering was chosen as a method, the purpose of which is to search for and
build a hierarchy of clusters based on the observation distance metric and the rule for combining
observations into clusters. For grouping we chose agglomerative hierarchical clustering, that is the
clustering method in which observations start in their own clusters, and then, at each step, the two
most similar clusters are combined until only one cluster remains (Kaufman, Rousseeuw, 1990).

The algorithm for conducting agglomerative cluster analysis is based on the
implementation of several fundamental steps. First of all, it is necessary to choose a distance metric
for the points in the clustering dataset and build a dissimilarity matrix based on the selected metric.
The second step is the choice of the cluster merging rule, which are combined on the basis of a
certain distance metric between them. The third step is to determine the number of clusters based
on statistical methods. Taking into account the presence of interval, nominal and binary variables,
Gower distance was chosen as the distance metric, since it allows taking into account different
types of variables including continuous, discrete and nominal (Kaufman, Rousseeuw, 1990).
Based on the Gower distance metric, a dissimilarity matrix was built for the data set under study.
Ward distance which uses the sum of squares within the clusters as the joining criterion is taken
as the cluster merging rule, what makes it possible to obtain clusters balanced in size that meet the
requirements of sufficient detail and homogeneity (Gatignon, 2014). The dissimilarity matrix
obtained at the first step is processed using the Ward distance algorithm, which makes it possible
to obtain a hierarchy of clusters, starting from each individual point up to one cluster that includes
all observations. Of the many statistical methods used to estimate clusters and decide on the
number of clusters, we use the traditional Elbow and Silhouette methods, which consist of

calculating and plotting statistics for each possible number of clusters. Together, these methods
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allow to make a decision on the number of clusters that will be the most compact and significantly
different from each other, while maintaining a balanced size and representativeness. Consequently,
the distribution of the obtained clusters over a wide range of variables is analyzed in order to

interpret the results obtained and describe the characteristics of the identified groups.

2.1.2 Research data

Data collection for the construction of econometric models presented in Section 2.1.1 was
carried out using a survey of citizens of St. Petersburg. Household energy behavior studies
currently use online surveys (Abrahamse, Steg, 2009; Abrahamse, Steg, 2011; Chen et al, 2017),
face-to-face surveys (Barr et al, 2005; Santin, 2011; Trotta, 2018), email questionnaires (Huddart-
Kennedy et al, 2009; Nair et al, 2010), and telephone surveys (Semenza et al, 2008). However,
face-to-face interviews are slowly losing popularity due to the ease and flexibility of computer-
assisted surveys for both interviewers and respondents.

The disadvantages of a face-to-face survey over an online survey are obvious: when
collecting data on the street and at the workplace, respondents tend to refuse to take the survey,
and the apartment survey does not allow covering different social groups, which may cause
difficulties with the representativeness of the resulting sample. Also, conducting a street survey
leads to additional time costs if the questionnaire consists of a large number of questions. Due to
the shortcomings of a face-to-face survey, as well as the lack of a formed base of respondents
ready to take part in the survey, an Internet survey was conducted. To do this the questionnaire
was sent to users of social networks and distributed on forums and communities of residential
complexes on the territory of St. Petersburg. Unlike a face-to-face survey, an online survey is much
easier to implement and much less time consuming. Also, when conducting an Internet survey, the
received data can be encoded automatically by a computer, which simplifies the data processing
process and reduces the number of errors that occur during manual processing.

The survey questionnaire, which is presented in Appendix 1, included questions
characterizing the frequency and intensity of implementation of various types of energy behavior,
as well as questions containing groups of factors that can influence this behavior of households.
The city of St. Petersburg was chosen as the area of study, as the second largest city in Russia, for
which the classification of households in relation to energy conservation and energy efficiency, as
well as the cultivation of sustainable energy behavior among households, may be the most relevant.
As a result of this work, 421 responses from respondents living in St. Petersburg were collected.
Taking into account the fact that the population of St. Petersburg is 5,600,044 people (Office of
the Federal State Statistics Service for St. Petersburg and the Leningrad Region), the size of the

resulting sample corresponds to the required value to cover the study area.
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The territory of St. Petersburg includes 18 districts, most of which were covered by the
survey. The exception was the Kronstadtsky district, where we failed to collect a single response
as a result of the survey. Given its remoteness from the rest of the city, as well as the relatively
low population, we assume that the absence of representatives of this district will not affect the
final results of the study, which can be generalized to the entire city as a whole. It should be noted
that the distribution of population among the districts of the city is not uniformed. The distribution
of the population in relative terms by districts of St. Petersburg is shown in the Figure 3.

0% 2% 4% 6% 8% 10% 12%  14%
Admiralteisky IEE—— 3%
Vasileostrovskiy I 4%
Vyborgsky I 1 0%
Kalininsky e 10%
Kirovsky m—— %
Kolpinsky m—— 3%
Krasnogvardeisky I 7%
Krasnoselsky n s 3%,
Kronstadtsky m 1%
Kurortniy —mm 1%
Moskovsky mEEEEEEE—— (%,
Nevsky I ] 0%
Petrogradsky s 2%
Petrodvortsoviy I 2%
Primorsky I 1 2%
Pushkinsky - 5%
Frunzensky I 7%
Centralniy GG 1%,

Figure 3 Distribution of the population of St. Petersburg by districts.
Source: compiled by the author with use of: (Office of the Federal State Statistics Service
for St. Petersburg and the Leningrad Region).

Taking into account the presented distribution of the population of St. Petersburg by
districts, the distribution of survey questionnaires was carried out in social networks among
communities of residential complexes located on the territory of the respective districts. The
resulting structure of the distribution of respondents by districts of St. Petersburg generally
corresponds to the actual distribution of the population, with the exception of the Kronstadtsky
district which is not represented in the study. Also it should be taken into account that the
respondents of the Nevsky and Primorsky districts are overrepresented in obtained sample since
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they are the main audience of residential communities in social networks. A detailed description
of the structure of the obtained sample in terms of socio-demographic parameters is given in
Section 2.1.3.

The survey was conducted from the beginning of March to the end of April 2023. During
this period of time, constant tariffs for utilities, including electricity, water supply and sanitation,
heat supply and gas supply, were established at the end of 2022 by the regulations of the Tariff
Committee of St. Petersburg (Tariff Committee of St. Petersburg, 11/18/2022, 11/18/2022,
11/21/2022, 11/29/2022). Thus, during the period under review, there are no prerequisites for a
change in the perception and behavior of the population related to the problem of climate change,

energy conservation and energy efficiency.

2.1.3 Generation and description of variables

Before building models and analyzing the obtained variables, it was necessary to generate
the necessary variables using PCA and calculate descriptive statistics for the remaining variables.
As input parameters for the PCA, we use groups of questions of the questionnaire, which are
closely related in meaning and characterize energy-conserving behaviors or the corresponding
psychological characteristics of respondents. To assess the degree of consistency of respondents'
answers to these groups of questions, Cronbach'’s alpha was used, which is a measure of reliability
showing how closely a number of items (questions) of the questionnaire are related as a group
(Cronbach, 1951). Acceptable values of Cronbach's alpha, at which we can judge the consistency
of respondents' answers, are values higher than 0.5. In addition, correlation coefficients between
the resulting variables and the original variables were evaluated, and Pearson's tests for statistical
significance were performed to ensure that the new variables are valid and reflect the

characteristics of the original groups of variables.

Dependent variables

To obtain a dependent variable that would quantitatively characterize the curtailment
behavior of households, the variables obtained from questions 17-18 of the survey questionnaire
were used. Cronbach's alpha was 0.6, which indicates an acceptable level of respondents' answers
consistency. The resulting first principal component is highly correlated with each of the variables
that reflect the frequency and intensity of certain energy-conserving action, and also explains 38%
of the variance of the used set of variables. As a result of the analysis, a quantitative estimate of
the intensity of energy-conserving behavior of households was obtained: the higher the value of
the first principal component, the more often and more actions the household takes to conserve

energy.
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To assess efficiency behavior, we use variables that characterize two possible types of this
behavior, namely: the use of energy-efficient appliances and the installation of energy-efficient
retrofits (questions 12, 19 of the questionnaire). The resulting variables are binary and take values
of 0 or 1, meaning, respectively, the absence or presence of the fact of using at least one energy-
efficient appliance or installing at least one energy-efficient retrofit. The results of the analysis are
presented in the Table 4.

Table 4 Dependent variables of energy saving behavior.

Variables

Mean (%)

Std Dev

Min

Max

o

p

Curtailment behavior
(PCA — 1% principal component)

0

1.3

-3.3284

2.2796

0.6

Reduction of water consumption
(Likert’s scale)

(1 —never, ..., 5 —always)
Reduction of electricity
consumption

(Likert’s scale)

(1 —never, ..., 5 —always)

Leave the lights on in an empty
room

(Likert’s scale)

(1 - always, ..., 5 — never)

Turn off the heating when leaving
the house

(Likert’s scale)

(1 —never, ..., 5 —always)

Wash clothes at 40 degrees or
below

(Likert’s scale)

(1 —never, ..., 5 —always)

3.162

3.197

4.086

2.033

3.461

1.2

1.2

1.0

1.5

1.1

0.67

0.76™

0.63™

0.44™

0.55***

Energy efficient appliances
(0 —no, 1 —yes)

63.9%

0,5

Energy efficient retrofits
(0 —no, 1 —yes)

33.7%

0,5

Source: compiled by the author.

™ Significant at 0.1% level.

Psychological factors

In a similar way, we obtain psychological variables that reflect the attitudes of households
towards energy behavior, as well as towards the problem of climate change. Questions 23-24 of
the questionnaire contain variables related to various psychological influencing factors that were
identified in the literature review and described in Section 1.2.2. The questions were arranged
randomly to avoid bias in the responses. The results of applying PCA, measuring Cronbach's alpha
and assessing the correlation between the obtained and original variables are presented in the
Table 5.
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Table 5 Generation of psychological variables using PCA.

Variables Mean Std Min Max a p
(%) Dev

Need for personal comfort 0.0 1.7 -2955 5.073 0.81 -
(PCA — 1% principal component)
| don’t conserve energy because my quality of life will 2.575 1.0 1 5 - 0.86™
decrease
(Likert’s scale)
(1 — Absolutely disagree, ..., 5 — Absolutely agree)
Energy conservation means | live less comfortably 2.52 1.3 1 5 - 0.86™
(Likert’s scale)
(1 — Absolutely disagree, ..., 5 — Absolutely agree)
| don’t conserve energy because it takes too much time 2.511 1.0 1 5 - 0.63™
and effort
(Likert’s scale)
(1 — Absolutely disagree, ..., 5 — Absolutely agree)
Cost-Benefit ratio 0.0 1 -155 2.39 0.14 -
(PCA — 1% principal component)
I won’t help nature if it requires additional expenses 2.784 1.1 1 5 - 0.09
from me
(Likert’s scale)
(1 — Absolutely disagree, ..., 5 — Absolutely agree)
Helping nature is worth it if it saves money 2.575 1.0 1 5 - 1
(Likert’s scale)
(1 — Absolutely disagree, ..., 5 — Absolutely agree)
Normative social influence 0.0 1.3 -2.899 2.095 0.79 -
(PCA — 1% principal component)
If the government did more to deal with climate change, 3.466 1.1 1 5 - 091™
I would do more too
(Likert’s scale)
(1 — Absolutely disagree, ..., 5 — Absolutely agree)
If the business did more to deal with climate change, | 3.173 1.2 1 5 - 0.91™
would do more too
(Likert’s scale)
(1 — Absolutely disagree, ..., 5 — Absolutely agree)
Personal norms 0.0 1.3 -3914  2.469 0.58 —
(PCA — 1% principal component)
I feel guilty if my actions harm the environment 3.356 1.2 1 5 - 0.73™
(Likert’s scale)
(1 — Absolutely disagree, ..., 5 — Absolutely agree)
It worries me a lot when | see how people waste heat 3.245 1.2 1 5 - 0.85™
and electricity
(Likert’s scale)
(1 — Absolutely disagree, ..., 5 — Absolutely agree)
I conserve energy, no matter what other 3.743 0.9 1 5 - 0.63™

people do
(Likert’s scale)
(1 — Absolutely disagree, ..., 5 — Absolutely agree)
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Variables Mean Std Min Max a p
(%) Dev

Beliefs 0.0 14 -3780 2314 0.7 -
(PCA — 1% principal component)
I believe that all people should conserve energy to 3.613 1.0 1 5 - 0.83™
handle climate change
(Likert’s scale)
(1 — Absolutely disagree, ..., 5 — Absolutely agree)
I don’t believe my lifestyle is contributing to climate 3.159 1.3 1 5 - 0.76™
change
(Likert’s scale)
(1 — Absolutely agree, ..., 5 — Absolutely disagree)
I believe the effects of climate change are too far in the 3.608 1.1 1 5 - 0.79™
future to really bother me
(Likert’s scale)
(1 — Absolutely agree, ..., 5 — Absolutely disagree)
Attitudes 0.0 1.2 -2.756  2.656 0.69 —
(PCA — 1% principal component)
Caring for the environment is not a priority in my life 2.895 1.1 1 5 - 0.49™
(Likert’s scale)
(1 — Absolutely agree, ..., 5 — Absolutely disagree)
Everything I do to help the environment must be in line 2.513 1.0 1 5 - 0.69™
with my lifestyle
(Likert’s scale)
(1 — Absolutely agree, ..., 5 — Absolutely disagree)
I don't think much about energy conservation 3.152 1.3 1 5 - 0.81™
(Likert’s scale)
(1 — Absolutely agree, ..., 5 — Absolutely disagree)
Locus of control 0.0 1.2 2777 2192 0.61 -
(PCA — 1% principal component)
I find it difficult to change my habits to conserve energy 3.145 1.2 1 5 - 0.85™
(Likert’s scale)
(1 — Absolutely agree, ..., 5 — Absolutely disagree)
I can cut my energy consumption fairly easily 3.316 1.1 1 5 - 0.85™
(Likert’s scale)
(1 — Absolutely disagree, ..., 5 — Absolutely agree)
Knowledge 0.0 1.2 -2.657 3.377 0.59 -
(PCA — 1% principal component)
I don't know how much energy my house uses 2.152 15 1 5 - 0.79™
(Likert’s scale)
(1 — Absolutely agree, ..., 5 — Absolutely disagree)
I need more information on how to conserve energy in 3.447 1.0 1 5 - 0.69™
my home
(Likert’s scale)
(1 - Absolutely agree, ..., 5 — Absolutely disagree)
I know how | can save electricity and heat 2.867 1.1 1 5 - 0.65™"

(Likert’s scale)
(1 — Absolutely disagree, ..., 5 — Absolutely agree)

Source: compiled by the author.

™ Significant at 0.1% level.
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In accordance with the analysis, the following variables were obtained. The variable “Need
for personal comfort” characterizes the degree to which energy conservation affects the
perceived comfort of the respondents. To assess this variable, 3 items were used, which included
the questions: “I don't conserve energy because my quality of life will decrease”, “Energy
conservation means I live less comfortably”, “I don't conserve energy because it takes too much
time and effort” according to approaches of previous research (Seligman et al, 1978; Becker et al,
1981). Cronbach's alpha is 0.81, which indicates a good level of consistency of respondents'
answers. The higher the value of the obtained variable, the stronger the feeling that the required
level of comfort prevents the respondent from energy conservation.

The “Cost-Benefit ratio” variable was measured with two items that included: “I won’t
help nature if it requires additional expenses from me”, “Helping nature is worth it if it saves
money” according to same previous research (Seligman et al, 1978; Becker et al, 1981).
Considering that Cronbach's alpha is 0.14, the pooled questions did not form a reliable scale, so
based on external validity, we decided to use the latter statement as the only measure. The higher
the value of the variable, the higher the degree to which saving money and avoiding additional
costs is important to the respondent when conserving energy. Additionally, the variable was
centered and scaled to reduce the spread of values and avoid possible outliers.

The “Normative social influence” variable was measured using two questions including:
“If the government did more to deal with climate change, I would do more too”, “If the business
did more to deal with climate change, I would do more too” based on the approach of previous
research (Abrahamse, Steg, 2011; Chen et al, 2017; Trotta, 2018). Cronbach's alpha is equal to
0.79, which indicates a good consistency of respondents' answers. The higher the value of the
obtained variable, the stronger the respondent's energy behavior is determined by external causes
and the behavior of other people and organizations.

The variable “Personal norms” was measured using three questions that assessed the
respondents’ sense of moral obligation to protect the environment and conserve energy. Questions
included: “I feel guilty if my actions harm the environment”, “It worries me a lot when I see how
people waste heat and electricity”, “I conserve energy, no matter what other people do” according
to the previous studies (Abrahamse, Steg, 2009; Chen et al, 2017). Cronbach's alpha turned out to
be equal to 0.58, which indicates a poor but acceptable consistency of respondents' answers. A
higher value of the resulting variable indicates a stronger sense of moral obligation to protect the
environment and conserve energy, demonstrated by the respondent.

The “Beliefs” variable was measured using three items, including the questions: “I believe
that all people should conserve energy to handle climate change”, “I don't believe my lifestyle is

contributing to climate change”, “I believe the effects of climate change are too far in the future to
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really bother me” based on the approach of previous studies (Abrahamse, Steg, 2011; Chen et al,
2017). Cronbach's alpha equal to 0.7 indicates the consistency of respondents' answers. The higher
the value of the resulting variable, the higher the degree to which the respondent believes that there
is a climate change problem and the need for energy conservation to overcome this problem.

Variable “Attitudes” expresses the extent to which the respondent demonstrates energy-
conserving behavior in daily activities. Attitudes towards energy conservation were measured by
the extent to which the respondent agreed with the following sentences, including: “Caring for the
environment is not a priority in my life”, “Everything I do to help the environment must be in line
with my lifestyle ”, “I don 't think much about energy conservation”, according to approaches
taken in previous studies (Abrahamse, Steg, 2009; Chen et al, 2017). Cronbach's alpha is 0.69,
which indicates an acceptable level of consistency of respondents' answers. The higher the value
of the obtained variable, the more positive the respondent'’s attitude to energy conservation.

The variable ""Locus of control' characterizes the degree to which respondents feel able
to conserve energy at home and is measured using two questions according to previous studies
(Abrahamse, Steg, 2009; Abrahamse, Steg, 2011). These questions included: “I find it difficult to
change my habits to conserve energy”, “I can cut my energy consumption fairly easily”.
Cronbach's alpha is 0.61, which indicates an acceptable level of consistency of respondents'
answers. A higher value of the obtained variable indicates that the respondent feels more capable
of energy-conserving behavior.

The “Knowledge” variable was obtained by evaluating 3 items, which include: “I don't
know how much energy my house uses”, “I need more information on how to conserve energy in
my home”, “I know how I can conserve electricity and heat.” The Cronbach's alpha of answers to
this group of questions is 0.59, which indicates an acceptable level of consistency of respondents’
answers. The higher the value of the obtained variable, the higher the degree to which the

respondent knows the amount of energy consumed in the house, and how to conserve energy.

Socio-demographic factors

To assess the socio-demographic characteristics of the respondents and to form the relevant
factors, we use questions in which respondents were asked to provide information about
themselves (questions 37-46 of the questionnaire). Socio-demographic factors included numerical
variables such as age (number of full years), household size (number of family members), and
number of children (under 18 years old). Discrete variables were also obtained which included
education (depending on the level: 1 - school, 2 — college, 3 - higher education and 4 - PhD),
material status (respondent’s assessment of the financial situation of his family, from 1 or "Very

difficult”" to 5 or “Very good”) and family income per month (7 items reflecting income levels
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from lower to higher). Obtained binary variables included gender (0 — female, 1 — male) and

marital status (0 —not married, 1 — married), and also nominal variables were used for the analysis

such as district of residence (17 of 18 districts of St. Petersburg excluding the Kronstadtsky

district) and employment status (different levels reflecting the sphere of respondents’

employment). The results of the calculation of socio-demographic factors are presented in the

Table 6.
Table 6 Descriptive statistics of socio-demographic factors.
Variables N Mean (%) Std Dev Min Max
Age 421 37.7 14.8 18.0 93.0
(continuous variable)
Gender 421 38.5% 0.5 0 1
(0 — female, 1 — male)
Marital status 421 53.4% 0.5 0 1
(0 —single, 1 — married)
Household size 421 2.67 14 1 13
(continuous variable)
Number of children 421 0.58 0.9 0 4
(continuous variable)
Education 421 2.93 0.51 1 4
(discrete variable)
1 — school education 12 3% - - -
2 — college education 35 8% - - -
3 — higher education 346 82% - - -
4 - PhD 28 7% - -
Material status 421 3.19 0.8 0 5
(discrete variable)
1 — very poor 12 3% - - —
2 — poor 43 10% - - —
3 — moderate 230 55% - - -
4 —good 124 29% - - -
5 — very good 12 3% - - -
Monthly income 421 2.69 14 1 7
(discrete variable)
1 —>40,000 rubles 81 19% - - -
2 —40,000-80,000 rubles 153 36% - - -
3 -80,000-120,000 rubles 80 19% - - -
4 —120,000-160,000 rubles 69 17% - - -
5 —160,000-200,000 rubles 9 2% - - -
6 — 200,000-300,000 rubles 20 5% - - -
7 —>300,000 rubles 9 2% — — —
District of living 421 - - - -
(nominal variable)
Admiralteisky 8 2% 0.14 0 1
(0—-no, 1 —yes)
Vasileostrovskiy 17 4% 0.20 0 1
(0—no, 1 —vyes)
Vyborgsky 33 8% 0.27 0 1
(0—no, 1 —vyes)
Kalininsky 32 8% 0.27 0 1
(0—no, 1 —vyes)
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Variables Mean (%) Std Dev Min Max

Kirovsky 3 1% 0.08 1
(0—no, 1 —yes)

Kolpinsky 4 1% 0.10 1
(0—no, 1 —yes)

Krasnogvardeisky 38 9% 0.29 1
(0—no, 1 —vyes)

Krasnoselsky 15 4% 0.19 1
(0—no, 1 —yes)

Kronstadtsky 0 - - -
(0—no, 1 —vyes)

Kurortniy 8 2% 0.14 1
(0—no, 1 —yes)

Moskovsky 22 5% 0.22 1
(0 —no, 1 —vyes)

Nevsky 107 25% 0.44 1
(0—no, 1 —yes)

Petrogradsky 22 5% 0.22 1
(0—no, 1 —vyes)

Petrodvortsoviy 13 3% 0.17 1
(0—no, 1 —vyes)

Primorsky 74 18% 0.38 1
(0 -no, 1 —yes)

Pushkinsky 12 3% 0.17 1
(0 -no, 1 —yes)

Frunzensky 8 2% 0.14 1
(0—no, 1 —yes)

Centralniy 5 1% 0.11 1
(0—no, 1 —yes)

Employment status 421 - - -
(nominal variable)

Entrepreneur, business owner 43 10% 0.30 1
(0 -no, 1 —yes)

Commercial company worker 176 42% 0.49 1
(0 -no, 1 —yes)

Social worker 74 18% 0.38 1
(0—no, 1 —yes)

Civil servant 6 1% 0.12 1
(0—no, 1 —yes)

Freelancer / self-employed 11 3% 0.16 1
(0—no, 1 —yes)

Pensioner 33 8% 0.27 1
(0—no, 1 —yes)

Student (full-time) 49 12% 0.32 1
(0—no, 1 —yes)

Temporarily unemployed 10 2% 0.15 1
(0—no, 1 —yes)

Housewife / maternity leave 19 5% 0.21 1
(0—no, 1 —yes)

Source: compiled by the author.
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Dwelling factors

Dwelling characteristics include factors of living conditions that can influence household
energy conservation and energy efficiency. Among the variables considered in the literature,
binary variables were included: homeownership status (0 —rental, 1 — owned), payment of utility
bills (0 — if others pay, 1 — if the respondent pays by himself), characteristics of the heating system
(0 — central heating system, 1 — autonomous heating system, including house commonly owned
boiler, individual gas and electric heating boilers in apartments and private houses), as well as the
presence of meters and the presence of thermostats to control the heating temperature in
dwelling (0 — absent, 1 — present). In addition, we include continuous and discrete variables such
as the number of rooms (in quantitative terms), the age of the house (based on the pictures with
typical serial houses chosen by the respondents as the most similar to their place of residence), the
area of the house and the duration of residence in the current dwelling. The results of the
calculation of dwelling factors are presented in the Table 7.

Table 7 Descriptive statistics of dwelling factors.

Variables N Mean (%) Std Dev Min Max
House ownership 421 79.1% 0.41 0 1
(0 — tenant, 1 — owner)
Bill payment 421 73.4% 0.44 0 1
(0 — another person, 1 — myself)
Number of bedrooms 421 1.922 0.96 1 10
(continuous variable)
House age 421 3.174 1.63 1 7
(discrete variable)
1-Upto5 years 9 2% - - —
2 —5-14 years old 194 46% - - -
3 —15-24 years old 111 27% - - -
4 — 25-34 years old 24 6% - - -
5 — 35-49 years old 27 6% - - -
6 — 50-64 years old 18 4% - - -
7 — 65 years and over 38 9% - - -
House area 421 2.879 1.36 1 7
(discrete variable)
1-Upto32sg.m 48 12% — — —
2 —32-51sq.m 165 39% - - -
3-52-71sq.m 80 19% - - -
4 —72-91 sq.m 68 16% - - -
5-92-111 sg.m 43 10% - - -
6 —112-172 sg.m 12 3% - - -
7 — More than 172 sg.m 5 1% - - -
Living period (full years) 421 1.684 0.83 1 4
(discrete variable)
1-Upto5 years 209 50% - — —
2 —5-12 years 158 37% - - -
3 —13-24 years 32 8% - - -
4 — More than 24 years 22 5% - - -
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Variables N Mean (%) Std Dev Min Max

House heating system 421 13.8% 0.35 0 1
(0 — central, 1 — autonomous)

House meters presence 421 88.6% 0.32 0 1
(0—no, 1 —yes)

Thermostat presence 421 81.0% 0.39 0 1
(0—no, 1 —vyes)

Source: compiled by the author.

Purchasing factors

In addition to the classic factors that are highlighted in the literature as stimulating energy
conservation, for questions that involve a rational decision concerning the purchase or investment
in energy efficiency retrofits, we provided the answer options with the reasons for the decision. In
this context, we asked respondents to name the main reasons they bought energy-efficient
appliances or installed energy-efficient retrofits, or the reasons by which respondents would buy
these appliances or adopt these retrofits if they have not already done this. The results of the
analysis of the factors of making a purchase are presented in the Table 8.

Table 8 Purchasing factors of energy conservation.

Variables N Mean (%) Std Dev Min Max
Reasons for energy efficient appliances purchase:
Reason: economy 421 64.85% 0.48 0 1
(0 -no, 1 —yes)
Reason: environment 421 26.84% 0.44 0 1
(0—no, 1 —yes)
Reason: quality 421 38.72% 0.49 0 1
(0—no, 1 —yes)
Reason: friends 421 0.48% 0.07 0 1
(0 -no, 1 —yes)
Reason: comfort 421 13.06% 0.34 0 1
(0 -no, 1 —yes)
Reasons for energy efficient retrofits installation:
Reason: economy 421 37.29% 0.48 0 1
(0—no, 1 —yes)
Reason: easiness 421 25.89% 0.44 0 1
(0—no, 1 —yes)
Reason: environment 421 7.13% 0.26 0 1
(0—no, 1 —yes)
Reason: initiative 421 34.44% 0.48 0 1
(0—no, 1 —yes)
Reason: support 421 26.60% 0.44 0 1
(0—no, 1 —yes)
Reason: friends 421 6.65% 0.25 0 1
(0—no, 1 —yes)
Reason: comfort 421 33.02% 0.47 0 1
(0—no, 1 —yes)

Source: compiled by the author.
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To identify factors potentially influencing the purchase of energy efficient appliances,
respondents were asked to indicate the reasons why they bought them, as well as the reasons that
could influence the decision to purchase an energy efficient appliance if the respondent has not
bought them yet (question 16 of questionnaire). As a result, the following variables were formed
from the reasons chosen by the respondents: “Reason: economy” — this allows (would allow)
saving on utility bills; “Reason: environment” — this helps (would help) the environment, reduces
(would reduce) carbon dioxide emissions; “Reason: quality” — energy efficient appliances are
(would be) better than alternatives; “Reason: friends” — this is what my neighbors or friends do
(would do); “Reason: comfort” — they make (would make) the house more comfortable.

Similarly, factors potentially influencing the installation of energy efficient retrofits were
identified. Respondents were asked to indicate the reasons why energy efficiency retrofits were
made, as well as the reasons that could affect the installation of them if it has not yet been made
(questions 21-22 of the questionnaire). As a result, the following variables were formed: “Reason:
economy” — this allows (would allow) saving on utility bills; “Reason: easiness” — it was (would
be) easy or quick to do; “Reason: environment” — it helps (would help) the environment, reduces
(would reduce) carbon dioxide emissions; “Reason: initiative” — this was (would be) done not on
my initiative; “Reason: support” — financial support for the work was (would be) allocated;
“Reason: friends” — neighbors or people who live nearby did (would do) it; “Reason: comfort”
— this make (would make) the house warmer and more comfortable.

In the following sections, the obtained variables characterizing the reasons for making a
purchase will be used to build models for purchasing energy-efficient appliances and installing
energy-efficient retrofits. As a result of the application of these variables, it is expected to highlight
differences in the factors or reasons for making an efficiency decision between buyers and non-
buyers of energy efficient measures, interpret the differences and form recommendations for better

involvement of people who do not buy energy efficient measures.

2.2 Results of empirical study
The next step after collecting and processing the data was the construction of econometric
models that explain the stimulating factors of energy-conserving behaviors, in accordance with

formulas 2-6 in Section 2.1.1.

2.2.1 Curtailment behavior model
The model of curtailment behavior, which is presented in the Table 9, was built by
considering the influence of various groups of factors, including psychological, socio-

demographic and dwelling, on the dependent variable **Curtailment behavior™ in accordance
50



with formula (2), presented in Section 2.1.1. To study the dependent variable, a hierarchical
approach was used, presented in some previous studies (Abrahamse, Steg, 2009; Abrahamse, Steg,
2011; Chen et al, 2017), which allows to consider the isolated influence of various groups of
factors. At the same time, the quality of the obtained models is evaluated using the coefficient of
determination (R?), which shows what part of the variation of the dependent variable can be
explained by the selected set of factors. The parameters of the obtained regression equations are
estimated using the ordinary least squares (OLS) method, which is based on minimizing the sum
of squared deviations of the values of the constructed functions from the actual values, which
allows to find an equation that best corresponds to the actual values (Das, 2019). The OLS method
is based on a set of prerequisites, to verify which statistical tests that characterize the quality of
the constructed model are necessarily carried out.

Table 9 Parameters of the curtailment behavior model.

Parameters Model 1: Model 2: Dwelling  Model 3: Socio- Model 4:
Psychological factors demographic Complete
factors factors
p t p t p t p t

Intercept 0.00 0.00 -0.35° -1.86 -0.42 -1.22 -0.36 -1.26

Cost-Benefit ratio 0.11" 1.98 0.16™ 3.02

Personal norms 0.32"™  7.10 0.30™  6.98

Attitudes 0.19™ 3.66 0.27™ 5.53

Locus of control 0.31™  6.26 0.26™  5.66

Knowledge 0.13" 2.73 0.13™ 2.90

Number of bedrooms -0.16" -2.45 -0.20""  -3.52

House heating 0.38" 2.03 0.54™ 353

system

Thermostat presence 0.75™ 470 0.68™"  5.10

Age -0.00 -0.16 -0.01" -2.41

Gender -0.30" -2.28 -017°  -1.64

Marital status 0.44™ 2.89 0.33™ 2.69

Household size -0.16" -2.53 -0.09 " -1.82

Number of children 0.24" 2.57 0.24™ 3.19

Material status 0.19" 2.26 0.15" 2.24

R? 32.3% 7.3% 7.1% 45.2%

F 39.77 11.0™ 5.25" 24.01™

BIC 1305.57 1425.91 1445.17 1270.41

Source: compiled by the author.
* Significant at 10% level.

* Significant at 5% level.

™ Significant at 1% level.

™ Significant at 0.1% level.
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As a result of modeling and studying the influence of various groups of factors on
curtailment behavior, a complete model was obtained (Model 4). Basic statistical tests of linear
regression were carried out for the model. According to the Shapiro-Wilk normality test, the
residuals are normally distributed (p.v. = 19.0%), the Breusch-Pagan test signals that the residuals
are homoscedastic (p.v. = 6%), the Breusch-Godfrey test demonstrates that there is no
autocorrelation of the residuals (p.v. = 13 %). In addition, Ramsey's RESET test was carried out,
according to which the mathematical specification of the model is correct, and variance-inflation
factors were calculated, according to which there is no problem of multicollinearity of the model
regressors.

The results of statistical tests allow us to conclude that the parameters (coefficients) of the
model are best linear unbiased estimators (BLUE) and correspond to the properties of consistency,
unbiasedness and efficiency. The resulting model was able to explain more than 45% of the
variance of the curtailment behavior variable, which is not enough to make reliable predictions,
but enough to draw conclusions about the statistical significance of the factors included in the
model. In addition, the obtained coefficient of determination overcomes many previous studies,
which allows us to conclude that it is difficult to explain energy-conserving behavior in terms of
rational factors (Abrahamse, Steg, 2009; Abrahamse, Steg, 2011; Chen et al, 2017; Trotta, 2018).
Behavior can often be carried out without explicit reasons, intuitively or out of habit, which makes
it inexplicable from the point of view of rational factors.

Based on the analysis of the coefficients of the model, the following conclusions can be
drawn:

1. The curtailment behavior of households is explained mainly by psychological factors.
“Cost-Benefit ratio”, “Personal norms”, “Attitudes”, “Locus of control” and “Knowledge”
act as statistically significant psychological factors. People who believe that energy conservation
is justified if it saves money are more inclined to conserve energy. The stimulating factor is the
direct saving of money, which is achieved through daily actions (Cost-Benefit ratio). Also, people
who demonstrate personal norms for energy conservation are actually more inclined to curtailment
behavior (Personal norms). A positive attitude towards energy conservation (Attitudes) and
knowledge about energy consumption and energy conservation at home (Knowledge) also have a
positive effect on the intensity of households' curtailment behavior. Therefore, in the case of this
study, the actions of respondents are not characterized by the presence of the problem of attitudes-
actions gap and knowledge-action gap, which were obtained in some other studies (Barr et al,
2005; Abrahamse et al, 2005). It is also worth noting the positive impact of the perceived level of
control on energy conservation: people who demonstrate a higher level of control over their actions

are more prone to energy conservation and are thriftier than others (Locus of control).
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2. At the same time, with regard to psychological factors, the variables “Need for personal
comfort”, “Normative social influence” and “Beliefs” did not affect the curtailment behavior
within the constructed model. This may be due to the fact that people do not perceive daily intuitive
actions as a threat to their comfort (Need for personal comfort). Also, the respondents do not
focus on external circumstances in the process of energy conservation — it does not matter to them
whether friends, neighbors, the state or business contribute to energy conservation, and does not
affect their own curtailment behavior (Normative social influence). At the same time, people's
beliefs about climate change have nothing to do with their activities in relation to curtailment
behavior (Beliefs). It is necessary to carry out educational work with the population in order to
better translate people's beliefs into actions and create a strong association of energy conservation
as one of the tools for solving the problem of climate change.

3. From the point of view of other groups of factors, it can be concluded that curtailment
behavior is poorly influenced by dwelling factors and socio-demographic factors. From a dwelling
perspective, the greater the number of bedrooms in a dwelling, the lower the intensity of energy
conservation, which is explained by higher difficulty in controlling a larger number of household
appliances and switches, what is consistent with the results of previous studies (Santin, 2011).
Also, a larger number of rooms in the house may indirectly signal the material status of the
respondent, and respectively, reflect the lower relevance of energy conservation for those who
lives in larger houses. The configuration of the heat supply system (House heating system) also
showed its influence on curtailment behavior within the model under consideration. For people
with an individual heating system, curtailment behavior is more typical since people feel
themselves responsible for reducing energy consumption and receive bills only for their
consumption. In this regard, the decentralization of heat supply systems, for example, equipping
apartment buildings with individual heat points with weather-dependent automatics, can also
influence the behavior of residents towards stimulating energy conservation. In addition, the
presence of a thermostat or other means to regulate or adjust the temperature of the heating in the
house is a significant factor (Thermostat presence). The presence of a statistically significant
relationship means that people tend to use thermostats when they are available and pay attention
to additional opportunities to reduce energy consumption in the house.

4. At the same time, it turned out unexpectedly that such factors as “Bill payment” and
“House meters presence” do not have a statistically significant effect on curtailment behavior.
According to some early studies, it was expected that the fact of self-paying utility bills and the
presence of meters indirectly affect people's awareness of the amount of energy consumed in the
house (Santin, 2011; Calvillo et al, 2016). Thus, the respondents would have to respond to the

quantities obtained from billing documents and meters in order to seek to reduce them and
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conserve energy. However, in today's conditions, given that the actions of paying bills occur
unconsciously, people are not inclined to respond to the quantitative values of energy consumed
if they are at an intuitively acceptable level. In this regard, consumer response is more sensitive to
tariff changes, which are kept relatively low in Russia for political reasons.

5. From the perspective of socio-demographic factors, statistically significant factors were
obtained, such as “Age”, “Gender”, “Marital status”, “Household size”, “Number of
children” and “Material status”. According to the obtained model, age has a negative influence
on curtailment behavior. This result is in line with some past research and suggests that as people
age, they become less mindful of curtailment behavior and value their comfort more than the
necessity to conserve energy (Poortinga et al, 2003). Similarly, with some of the results obtained
in previous studies (Zelezny et al, 2000), women were more prone to curtailment behavior than
men (Gender). Also, marital status has a positive impact on curtailment behavior, which is
demonstrated in a change in habits and everyday behavior for people who are married. This finding
is also in line with results of previous studies, which conclude that families are becoming more
frugal than singles, and that habits and behaviors acquired in marriage persist even after divorce
(Trotta, 2018). The same applies to the number of children in the family, which have a positive
effect on curtailment behavior. The more children under 18 years old are in the family, the less
income per family member is, so the issues of energy conservation become more relevant for the
household, as well as educational practices and demonstrating a positive example of using
appliances for children. At the same time, the number of household members negatively affects
curtailment behavior. The more members the household has, the less the personal responsibility of
each member for energy conservation is felt, therefore, larger households are less inclined to
curtailment behavior than smaller. With regard to material status, the higher people evaluate their
financial situation, the more inclined they are to curtailment behavior according to constructed
model. This contradicts the results of some previous research which suggested that lower incomes
and poorer financial status are incentives for curtailment behavior (Trotta, 2018). It can be assumed
that less wealthy households are less focused on optimizing energy consumption in the home and
pay more attention to basic needs, which prevents their curtailment behavior.

6. Also, unexpectedly, it turned out that household income and the level of education of
people do not have a statistically significant effect on curtailment behavior. The lack of influence
of household income can be explained by the fact that many other factors indirectly take into
account the level of household wellbeing, and that both low-income and high-income households
are involved in curtailment behavior. In this context, the level of income is not able to explain the
difference in the behavior of different households, thus a more detailed study of the behavior of

households with different income levels, distributed by quantile groups, is needed. As for the level
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of education, a statistically significant effect is not achieved due to the fact that people with less
than a higher education are underrepresented in the sample, therefore, the features of their behavior
cannot be analyzed within the constructed model. This assumption acts as a limitation of the study

and should be properly addressed in future studies.

2.2.2 Model for energy-efficient appliances purchase

As a result of considering various combinations of factors and their influence on the
dependent variable ""Purchase of energy-efficient appliances, a logit model was built, which is
presented in the Table 10. Due to the mathematical properties of the logit specification of the
model, the set of statistical tests for its quality is limited to tests for the individual and group
significance of the coefficients and the calculation of the pseudo-coefficient of determination to
assess the quality of the model fit. The resulting model presents statistically significant factors that
influence whether respondents buy an energy-efficient appliance and are able to explain 52% of
the variance of this dependent variable.

Table 10 Parameters of the energy-efficient appliances purchase model.

Parameter Energy efficient appliances purchase
B z-value Effect (%)

Intercept -3.70™" -5.50 -46.1%
Need for personal comfort 0.53"™ 3.53 6.6%
Beliefs 0.70™ 3.60 8.7%
Knowledge 0.45™ 3.14 5.6%
Number of bedrooms 0.37° 1.85 4.6%
House meters 2.24™ 4.62 43.7%
Gender 1.13™ 3.35 13.0%
Marital status 1.53™ 4.32 20.2%
Reason: efficiency label 432" 7.45 52.1%
Reason: economy 1.99"™ 5.24 30.4%
Reason: environment 2377 -4.95 -40.9%
Pseudo-R? 52%

Source: compiled by the author.
* Significant at 10% level.

* Significant at 5% level.

™ Significant at 1% level.

*kk

Significant at 0.1% level.

As a result of studying the coefficients and marginal effects of the model, the following

conclusions were drawn:
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1. Among the psychological factors, those that have an influence on dependent variable
were identified: “Need for personal comfort”, “Beliefs” and “Knowledge”. At the time of
purchase of energy efficient appliances, people's beliefs that energy conservation poses a threat to
their personal comfort can be translated into the choice of an energy-efficient appliance (if the
“Need for personal comfort” variable increases by 1, the probability of purchasing an energy-
efficient appliance increases by 6.6%). In the same way, people's beliefs about the problem of
climate change and the need for energy conservation and energy efficiency as tools to overcome
climate change can influence the decision to buy energy-efficient appliance (with an increase in
the “Beliefs” variable by 1, the probability of buying an energy-efficient device increases by
8.7%). The level of people's knowledge about energy conservation and about the amount of energy
consumed in their home also contributes to the fact of choosing an energy-efficient appliance (if
the “Knowledge” variable increases by 1, the probability of buying an energy-efficient appliance
increases by 5.6%).

2. As for dwelling factors, the resulting model shows the influence of the variables
“Number of bedrooms” and “House meters presence”. At the same time, as in previously
obtained studies (Santin, 2011), it is noted that a larger number of rooms in a dwelling requires or
creates opportunities for placing a larger number of appliances, respectively, increases the
likelihood that at least one of them will be energy efficient (with an increase in the number of
bedrooms in a dwelling by 1, the probability of buying an energy-efficient appliance increases by
4.6%). Also, as a significant parameter we have the presence of utility meters in housing. In the
case of meters, people get the opportunity to control their energy consumption, to get accurate
results of the energy spent over a certain period. In addition, they start paying bills only for their
energy consumption, which is measured and recorded by the meter, so they get more incentives to
buy energy efficient appliances and reduce energy consumption (with a meter, the probability of
buying an energy efficient appliance increases by 43.7%).

3. From the point of view of socio-demographic factors, it is worth noting that indicators
of gender and marital status were included in both the curtailment behavior model and the model
of purchasing energy-efficient appliances. And if the marital status has retained its direction of
influence (married people are 20.2% more likely to buy an energy-efficient appliance), then the
coefficient for the gender variable has changed its sign. This means that, in contrast to the
curtailment behavior, buying energy-efficient appliances is more common for men (men are 13%
more likely to buy an energy-efficient appliance).

4. As regards the reasons for purchasing energy efficient appliances, their relatively high
influence on the purchase of an energy efficient appliance is noted. This suggests that purchasing

behavior is more rational than curtailment behavior, as rational reasons weigh heavily in the
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decision to purchase an energy-efficient appliance. As significant reasons, buyers of energy-
efficient appliances noted the presence of energy efficiency labels on appliances, and possibility
to save money (if these factors are chosen, the probability of buying an energy-efficient appliance
increases by 52.1% and 30.4%, respectively). Accordingly, for people who buy energy efficient
appliances, information about possible savings and the presence of an energy efficiency label is
important and can influence the repeated purchase of an energy efficient appliance. As for non-
buyers of energy-efficient appliances, they noted the possibility to help the environment by
reducing the greenhouse gas emissions as a significant purchase factor (when choosing this factor,
the probability of purchasing an energy-efficient appliance decreases by 40.9%). This means that
purchasing of an energy-efficient appliance is not associated with helping the environment by
people. In this case, to correct the situation, it is possible to conduct an information campaign on
the environmental benefits of energy-efficient appliances, as well as to include in the energy
efficiency label an estimated reduction in greenhouse gas emissions resulting from replacing old
appliance with an energy-efficient one. These measures can influence non-buyers of energy
efficient appliances and encourage them towards the decision to buy it.

5. As for the other factors related to the reasons for purchasing an energy-efficient
appliance, namely the quality of the appliance, the fact that neighbors or friends bought such
an appliance, and the comfort associated with the appliance, they did not show statistical
significance. Very few respondents chose neighbors as a possible reason for the purchase, which
indicates that people are not guided by others when buying appliances. At the same time, in relation
to the quality and comfort of using energy-efficient household appliances, there is currently no
single position of respondents. Buyers of energy efficient appliances notice their quality, while
non-buyers notice quality as a possible reason for buying. Therefore, it is necessary to improve
the positioning of energy-efficient appliances as higher quality and more comfortable for use at

home.

2.2.3 Model for installation of energy efficient retrofits
To determine the factors stimulating the installation of energy efficient retrofits, a model
was built in accordance with formulas (5) and (6) presented in Section 2.1.1. The dependent
variable is the “Energy efficient retrofits” means the fact of the installation of an energy efficient
retrofit noted by the respondents. Psychological, socio-demographic, and dwelling factors, as well
as factors indicating the reasons for making these retrofits obtained in Section 2.1.3, were included
as independent variables in the model. The final model, including all statistically significant

factors, is presented in the Table 11.
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Table 11 Parameters of the energy-efficient retrofits installation model.

Parameter Energy efficient retrofits installation

B z-value Effect (%)
Intercept -7.277 -6.77 -36.5%
Cost-Benefit ratio -1.23™ -4.76 -6.1%
Normative social influence -0.36" -2.08 -1.6%
Beliefs 0.53™ 2.76 2.9%
Locus of control -0.45" -2.26 -2.1%
House age 0.82™" 5.43 3.9%
House area 0.35" 2.14 1.8%
Living period 0.88™ 3.21 4.5%
House heating system 2.09™ 2.96 18.3%
Gender 1.09" 2.27 6.1%
Reason: economy -2.33™ -3.72 -11.0%
Reason: easiness -2.46™ -2.66 -8.8%
Reason: initiative 2,71 4.16 22.0%
Reason: support -5.20™" -4.12 -16.2%
Reason: friends 2.73"" 3.37 35.5%
Reason: comfort 4.39™" 6.16 46.2%
Pseudo-R? 69.2%

Source: compiled by the author.
* Significant at 5% level.

™ Significant at 1% level.

*kk

Significant at 0.1% level.

Similar to the model for purchasing energy-efficient appliances, this logit model also has
a limited set of statistical tests to assess the quality of the model. The calculated pseudo-coefficient
of determination indicates that 69% of the variance of the dependent variable is explained by this
set of factors. As a result of studying the coefficients and marginal effects of the independent
variable, the following conclusions were drawn:

1. Psychological factors are less able to influence the installation of energy efficient
retrofits as compared to previous models. This means that such a decision is based on rational
factors and reasons to a greater extent. Variables “Cost-Benefit ratio”, “Normative social
influence”, “Locus of control” have a negative sign, so they negatively influence the installation
of energy-efficient retrofits. The “Cost-Benefit ratio” variable, which characterizes the degree to
which a person evaluates the material benefits of conserving energy negatively affects the
dependent variable (if the “Cost-Benefit ratio” variable increases by 1, the probability of
installing an energy-efficient retrofit decreases by 6.1%). People who are not willing to spend

additional money without receiving respective material benefits are a less desirable audience for
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incentivizing the installation of energy efficient retrofits. The “Normative social influence”
variable, which characterizes the degree to which a person's energy conservation and energy
efficiency depends on the actions of others, also has a negative impact on the dependent variable
(if the “Normative social influence” variable increases by 1, the probability of installing an
energy-efficient retrofit decreases by 1.6%). People who install energy efficient improvements are
primarily guided by their own needs and are not subject to normative social influence from others.
The variable “Locus of control”, which characterizes the degree to which a person controls his
actions and is able to act to conserve energy, also has a negative impact on the dependent variable
(if the “Locus of control” variable increases by 1, the probability of installing an energy-efficient
retrofit decreases by 2.1%). People who install energy efficient retrofits do not tend to control their
actions in order to conserve energy as part of curtailment behavior. However, they contribute to
energy efficiency by investing in energy-efficient retrofits. On the contrary, the “Beliefs” variable,
which expresses the degree to which a person is convinced of the importance of the climate change
problem and the need to conserve energy, has a positive effect on the installation of energy-
efficient retrofits (if the “Beliefs” variable increases by 1, the probability of making an energy-
efficient retrofit increases by 2.9%). This suggests that people who are convinced of the problem
of climate change are a more attractive audience for involvement in programs to stimulate the
installation of energy-efficient retrofits.

2. Compared to previous models, in the model of factors that stimulate the installation of
energy-efficient retrofits, dwelling factors play a larger role. The literature also confirms the
conclusion that the installation of energy-efficient retrofits is a rational decision, which is
explained mostly by objective factors, and not by the psychological profile of a person (Trotta,
2018). As expected, the older the house, the more likely a person is to install an energy-efficient
retrofit (if the age of the house increases by one category (see variable levels in Paragraph 2.1.3),
the probability of installing an energy-efficient retrofit increases by 3.9%). The same is true for
large houses - the larger the area of the house is, the greater is the chance that a person will install
an energy-efficient retrofit (with an increase in the area of the house by one category (see variable
levels in Paragraph 2.1.3), the probability of installing an energy-efficient retrofit increases by
1.8%). A significant factor influencing the installation of energy-efficient retrofits is the period of
residence (with an increase in the living period by one category (see variable levels in Paragraph
2.1.3), the probability of installing an energy-efficient retrofit increases by 4.5%). For this reason,
people who live longer in their home are more likely to invest in it. Finally, the parameter of the
house heating system can also influence the decision to install energy-efficient retrofits (if there
is an individual or autonomous heating system (see Paragraph 2.1.3 for explanations), the

probability of installing an energy-efficient retrofit increases by 18.3%). This is because people
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feel more responsible for their own energy supply and therefore more likely to take steps to
optimize their energy consumption.

3. From the point of view of socio-demographic factors, only the “Gender” variable acts
as a significant one. As in the previous model, men were more likely to make decisions about
installing energy-efficient retrofits (for men, the probability of installing energy-efficient retrofit
increases by 6.1%). This result may indicate a greater propensity for the male population to tackle
technically complex issues, such as choosing an energy-efficient appliances or retrofits to install
in the home according to various parameters.

4. Just as in the case of the model of purchasing energy-efficient appliances, the factors
that characterize the reasons for installation of energy-efficient retrofit have a significant influence.
All variables from this list turned out to be statistically significant and influencing the dependent
variable excepting the “Reason: environment” variable. In reality, energy-efficient retrofits are
not associated with helping the environment, either among people who install these retrofits or
among people who do not. This once again emphasizes the importance of calculating the marginal
effects on greenhouse gas emissions from the implementation of various retrofits and then
informing the potential audience. Considering that quite a lot of people have positive beliefs about
helping the environment, it is necessary to additionally stimulate their investments in energy
efficiency with a sense of satisfaction from the implementation of some energy-efficient retrofit.

5. As for the other factors characterizing the reasons for installing energy-efficient retrofits,
they were divided into two groups according to the direction of influence. The first group of factors
includes “Reason: economy”, “Reason: easiness” and “Reason: support”, which stress out
possible money savings, ease of installation and financial support as determinants for installing
retrofits (if these reasons are indicated, the likelihood that a person installed energy-efficient
retrofits, decreases by 11%, 8.8% and 16.2% respectively). As a result, we can conclude that for
people who have not installed energy-efficient retrofits, potential energy cost savings, ease of
improvement, and financial support may be significant factors in stimulating the decision to install.
Savings from energy-efficient retrofits are not always obvious, so it is necessary to help the
population, through external identification the potential for energy-efficient improvements and
proposition them for implementation to residents. The same applies to the easiness of
implementation of energy-efficient improvements, since not all of them are obvious and known
to people. In order to help people it is necessary to select a list of the simplest retrofits that can be
implemented on their own, as well as to simplify the solution of the problem for residents by
delegating the authority to carry out work to a specialized organization. Financial support can be
provided through the provision of vouchers that give the right to purchase works or services for

the installation of energy-efficient retrofits. In this context, the development of the institution of
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energy service contracts as a tool for improving the energy efficiency of the residential sector also
seems reasonable. Currently, energy service contracts are actively used in the public sector, and in
the residential sector they are just beginning to develop and popularize.

6. The second group of factors characterizing the reasons for the implementation of energy-
efficient retrofits includes “Reason: initiative”, “Reason: friends”, “Reason: comfort”, which
characterize such stimulating factors as the initiative to install retrofits from outside, the fact of
installation of energy-efficient retrofits among friends and neighbors and increase comfort and
warmth in the home. If these factors are indicated the likelihood that a person has installed energy-
efficient retrofits increases by 22%, 35.5% and 46.2%, respectively. We can once again ensure
that the initiative coming from the outside makes it easier for people to make decisions, so it is
necessary to strive for the proactive involvement of the population in the installation of energy
efficient retrofits. It can also be concluded that there is a “word of mouth” effect in the installation
of energy-efficient retrofits. In this way, the experience gained as part of the retrofit installation is
transferred to the closest friends and neighbors, which will positively affect the speed of
dissemination of best practices. Finally, the comfort gained through the installation of energy-
efficient retrofits is the underlying reason and fundamental factor in the implementation of this
activity. A more in-depth study of possible retrofits and their impact on the level of perceived
comfort is needed in order to specifically offer possible options to people with different living
parameters and financial possibilities.

2.2.4 Consumer profiles based on cluster analysis

The cluster analysis was carried out in accordance with the methodology presented in
Section 2.1.1. Variables “Curtailment behavior”, “Energy efficient appliances”, “Energy
efficient retrofits” characterizing all types of energy saving behavior considered in this study
were chosen for grouping. Such a grouping makes it possible to obtain all possible combinations
of different types of energy behavior that are characteristic of different types of users, describe the
portraits of these user groups, as well as interpret their preferences and form recommendations for
stimulating energy conservation and energy efficiency among the resulting groups.

Using Gower distance as a distance metric, a dissimilarity matrix was calculated, or in other
words, a mathematical expression of how far the points in the data differ from each other.
Subsequently, the specified dissimilarity matrix is used to group the closest points, depending on
the chosen agglomerative clustering method. Agglomerative clustering allows to obtain more
balanced groups, which are individually quite homogeneous and at the same time differ from each
other. Ward linkages was used as a cluster merging method. The resulting dendrogram, which is a

graphical representation of the constructed clusters, is shown in the Figure 4.
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Figure 4 Dendrogram of clusters by energy behaviors
Source: compiled by the author.

To analyze and select the number of clusters, additional calculations were made, and graphs
were built. As statistical methods for deciding on the number of clusters, the "Elbow™ method and
the "Silhouettes™ method are traditionally used (Kaufman, Rousseeuw, 1990). The calculated
statistics for the obtained clusters, which were used for the analysis, are presented in the Table 12.

The Elbow method relies on the Within Cluster Sum of Squares (or error sum of squares)
statistics, which is a measure of cluster density and is defined as the sum of squared distances
between cluster objects and its center (Kaufman, Rousseeuw, 1990). This indicator is calculated
for each variant of the number of clusters and is presented in the Table 12 as the
“within.cluster.ss” parameter. The lower the Within Cluster Sum of Squares, the more compact
the clusters are, which means the better the result of the cluster analysis. The decision heuristic for
the Elbow method is usually referred to as the point at which the decline in Within Cluster Sum
of Squares slows down, so further increase in the number of clusters is not rational (Kaufman,
Rousseeuw, 1990). The constructed graph of the "Elbow" method is shown in the Figure 5.

In the same way, within the Silhouettes method, for each number of possible clusters, a
measure of how similar an object is to its cluster compared to other clusters (**avg.silwidth™ in
the Table 12) was calculated (Kaufman, Rousseeuw, 1990). The higher the value of the calculated
statistics, the better the points match their own clusters and the worse they match neighboring
clusters, respectively, the better the clustering configuration. The constructed graph of the
"Silhouettes” method is shown in the Figure 6.
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Table 12 Clustering statistics on energy behaviors.

Parameter Test1 Test 2 Test 3 Test 4 Test5 Test 6 Test 7 Test 8 Test9 Test10 | Test1l | Test12 | Test13 | Test14

cluster.number 2 3 4 5 6 7 8 9 10 11 12 13 14 15
n 421 421 421 421 421 421 421 421 421 421 421 421 421 421
within.cluster.ss 73.05 59.06 53.14 46.94 42.26 38.34 35.70 3291 29.72 27.38 25.73 24.23 22.96 22.03
avg.silwidth 0.19 0.23 0.21 0.23 0.26 0.29 0.29 0.30 0.33 0.34 0.36 0.36 0.37 0.38
Cluster-1 size 169 169 110 110 57 57 28 28 28 28 28 28 28 28
Cluster-2 size 252 127 127 127 127 56 56 56 37 37 37 37 37 37
Cluster-3 size 0 125 125 83 83 83 83 49 19 19 19 19 19 19
Cluster-4 size 0 0 59 42 42 42 29 29 49 49 49 49 49 49
Cluster-5 size 0 0 0 59 53 53 42 42 29 29 29 29 29 29
Cluster-6 size 0 0 0 0 59 71 53 53 42 24 24 24 24 24
Cluster-7 size 0 0 0 0 0 59 71 34 53 18 18 18 18 18
Cluster-8 size 0 0 0 0 0 0 59 71 34 53 53 53 53 53
Cluster-9 size 0 0 0 0 0 0 0 59 71 34 34 34 34 34
Cluster-10 size 0 0 0 0 0 0 0 0 59 71 71 62 34 34
Cluster-11 size 0 0 0 0 0 0 0 0 0 59 26 26 26 26
Cluster-12 size 0 0 0 0 0 0 0 0 0 0 33 33 28 28
Cluster-13 size 0 0 0 0 0 0 0 0 0 0 0 9 33 16
Cluster-14 size 0 0 0 0 0 0 0 0 0 0 0 0 9 17
Cluster-15 size 0 0 0 0 0 0 0 0 0 0 0 0 0 9

Source: compiled by the author.
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Figure 5 Application of the EIbow method to determine the number of clusters.
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Figure 6 Application of the Silhouettes method to determine the number of clusters.

Source: compiled by the author.
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As a result of the analysis of both methods, 7 clusters were determined as the optimal
number of clusters, which are further used to describe user profiles in relation to energy
conservation and energy efficiency. The selected number of clusters makes it possible to ensure a
sufficiently high compactness of the resulting clusters, as well as a high degree of their difference
from each other, while maintaining a sufficiently large size and representativeness of the clusters.

Received 7 user profiles differ in frequency, intensity and types of energy behaviors. A
more detailed description of the portraits makes it possible to better understand their
characteristics, the degree of activity in relation to various types of energy behaviors, as well as
the factors that can stimulate the energy conservation and energy efficiency of various groups. The
results of the description of user portraits are presented in the Table 13.

In terms of involvement in various types of energy behaviors, users were divided into
groups, 4 of which are actively buying energy-efficient appliances and 2 of which have installed
energy-efficient retrofits in their homes. Users are also divided according to the level of intensity
of curtailment behavior into groups, 2 of which are relatively curtailment, 1 is wasteful, and 4 have
an average or above average intensity of curtailment behavior. To compare the performance of
user groups according to the models constructed in Sections 2.2.1-2.2.3, an average value was
calculated for each variable. Additionally, for continuous variables, the difference between the
mean and the minimum value was taken, and then divided by the range of the variable to determine
how high or low the group mean of the variable was on the PCA-built scales.

Table 13 Descriptive statistics of identified consumer profiles.

Parameter Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7
Cluster size, % 14% 13% 20% 10% 13% 17% 14%
Energy conservation and efficiency variables
Energy efficient appliances 93% 41% 11% 7% 98% 99% 100%
Energy efficient retrofits 0% 93% 18% 14% 2% 96% 0%
Curtailment behavior 62% 55% 75% 24% 51% 55% 76%
Psychological factors
Need for personal comfort 39% 35% 26% 51% 25% 42% 46%
Cost-Benefit ratio 32% 31% 53% 39% 44% 27% 46%
Normative social influence 74% 60% 63% 57% 46% 51% 54%
Personal norms 65% 61% 66% 46% 64% 65% 54%
Beliefs 66% 63% 76% 45% 61% 65% 47%
Attitudes 55% 49% 59% 28% 59% 46% 52%
Locus of control 52% 56% 70% 36% 66% 50% 52%
Knowledge 38% 43% 41% 29% 46% 52% 54%
Dwelling factors
House age 27.4 31.3 21.0 33.1 15.0 23.0 19.5
House area 56.6 77.6 50.2 59.1 68.3 59.2 55.4
Living period 5.1 7.8 3.6 8.0 6.1 12.8 6.6
House heating system 4% 21% 17% 0% 2% 39% 2%
House meters presence 98% 84% 90% 57% 98% 97% 85%
Thermostat presence 93% 79% 87% 45% 98% 70% 86%

65



Parameter Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7
Socio-demographic factors

Age 36.6 33.1 34.3 31.7 42.8 43.6 40.5
Gender 49% 38% 20% 45% 30% 48% 46%
Marital status 37% 43% 28% 26% 87% 76% 78%
Household size 25 2.0 2.7 2.6 3.1 3.1 3.3
Presence of children 37% 21% 24% 31% 30% 52% 53%
Reasons for energy efficient appliances purchase:
Reason: efficiency label 28% 27% 7% 0% 75% 89% 78%
Reason: economy 2% 52% 51% 52% 5% 7% 5%
Reason: environment 18% 39% 40% 12% 13% 39% 14%
Reason: quality 37% 27% 33% 79% 36% 39% 34%
Reason: comfort 5% 34% 24% 14% 6% 4% 2%
Reasons for energy efficient retrofits installation:
Reason: economy 93% 14% 31% 40% 38% 20% 32%
Reason: easiness 60% 5% 14% 69% 42% 0% 15%
Reason: initiative 18% 50% 36% 26% 25% 28% 56%
Reason: support 47% 4% 13% 55% 47% 1% 39%
Reason: friends 2% 2% 2% 12% 0% 17% 12%
Reason: comfort 4% 59% 45% 17% 21% 55% 17%

Source: compiled by the author.

The first category of users (Cluster 1) is the “Intuitive savers”, who buy and use energy-
efficient appliances, have an above average intensity of curtailment behavior, but do not install
energy-efficient retrofits. This group is characterized by the presence of high personal norms for
environmental protection and energy conservation, and a generally positive attitude towards
energy conservation. However, energy conservation of this group is limited by the relatively low
level of knowledge about energy conservation and the amount of energy used in the home. This
group tends to buy energy-efficient appliances because they consider them to be of higher quality
and more economical, and also because of their beliefs. The installation of energy-efficient
retrofits for this group may be facilitated by their beliefs as well as their relative willingness to
bear the cost for energy conservation and efficiency (Cost-Benefit ratio). Purchasing factors of
retrofit installation include saving money on energy (Reason: economy), easiness of installation
(Reason: easiness), and outside financial support (Reason: support). However, this group lives
in their home for a relatively short time, which may preclude their decision to install an energy-
efficient retrofit (Living period) and live in homes with central heating (Autonomous heating
system), which may limit the technical ability to install energy-efficient retrofits.

The second group of users (Cluster 2), “Non-permanent energy savers”, is different in
that almost every representative reported installing an energy-efficient retrofit, although
curtailment behavior and purchase of energy-efficient appliances are less common. However, the
installation of energy-efficient retrofits mostly was influenced by the initiative of others (Reason:

initiative) or the need to improve comfort (Reason: comfort), given that, on average, they live in
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relatively old houses. Thus, the efficiency behavior of this group is temporary and is aimed at
solving a certain problem that arises due to the high age of the house or the operation of an
autonomous heating system at home. At the same time, users of this group are not characterized
by curtailment behavior or the purchase of energy-efficient appliances. Factors that may encourage
this group to buy energy-efficient appliances are saving money, helping the environment by
reducing greenhouse gas emissions, and making the home more comfortable with a new
appliance. With regard to curtailment behavior, this group is characterized by the existence of
personal norms in relation to helping nature and energy conservation, but there is also the
potential for developing a level of knowledge and attitudes towards energy conservation so that
their values would better translate into everyday actions. In order to encourage energy conservation
among this group of users, it is necessary to increase the frequency of implementation of currently
intermittent energy efficiency actions. To do this, it is worth promoting the identified parameters
of energy-efficient appliances, as well as improving the level of knowledge and attitude towards
energy conservation through additional information and education.

The third group of users (Cluster 3) “Thrifty housewives” is characterized by a high
intensity of curtailment behavior in the absence of facts of buying energy-efficient appliances and
installing energy-efficient retrofits. This group has the highest propensity for curtailment behavior,
according to their personal norms, beliefs and attitudes towards energy conservation, and also
associates curtailment behavior with reducing energy costs. The incentives for buying energy-
efficient appliances are saving money and helping the environment, while the incentives for
installing energy-efficient retrofits are increasing the warmth and comfort in the home and the
initiative of others. At the same time, their high beliefs and generally suitable living conditions
(House heating system, House meters presence) can encourage the purchase of energy-efficient
appliances and the installation of energy-efficient retrofits. However, the shortest average duration
of residence in their homes (Living period) and the technical complexity of these issues for
women (Gender) should be singled out as the main obstacles to stimulate their efficiency
behavior.

The fourth group (Cluster 4) is “Energy wasters”, who are characterized by the lowest
intensity of energy conservation and do not practice any type of efficiency behaviors. They do not
have knowledge about energy conservation, personal norms for nature protection and energy
conservation, and do not control their actions that consume energy in the house (Locus of control).
They do not buy energy-efficient appliances and do not make energy-efficient retrofits because
they do not understand the reasons for this and how to solve the technical issues of choice. The
main factor that stimulates the purchase of energy-efficient appliances is the quality of the

appliance, a feature that needs to be promoted among uninformed consumers. The key factors for
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installing energy-efficient retrofits in this group are the easiness of installation and financial
support from the state. Thus, the main measures to stimulate energy conservation of this group
should be raising awareness and cultivating a positive attitude towards energy conservation,
inspiring beliefs on the need of energy conservation that contribute to the environment protection.
Another dimension of the incentive policy can be to make it as easy as possible for the resident to
solve the problem by delegating authority to others and by providing support.

A distinctive feature of the fifth group (Cluster 5) ""Unconscious energy wasters' is the
purchase of energy-efficient appliances in the absence of the installation of energy-efficient
retrofits, as well as the below than average intensity of curtailment behavior compared to other
groups. At the same time, respondents demonstrate relatively high personal norms in relation to
environmental protection and energy conservation, a positive attitude towards energy
conservation and the ability to control their behavior (Locus of control), but often get lost in
everyday automatic actions, such as leaving lights or appliances on when they leave. At the same
time, non-automatic actions that require decision-making are almost always carried out in good
faith. The same is true for the purchase of energy-efficient appliances, which are bought by almost
all representatives of this group, focusing on the energy efficiency label and potential savings.
Factors that may encourage the installation of energy-efficient retrofits include financial support,
the economic feasibility of the improvement, and easiness of implementation. At the same time,
taking into account the characteristics of this group, they are able to independently make retrofits
if the necessary assistance is allocated. It is necessary to carefully encourage this group to install
retrofits, as among the groups considered, on average, they live in the newest homes (House age),
which may not require the most of retrofits. As regards the promotion of curtailment behavior, the
favorable factors would be an increase in the level of knowledge about energy conservation and
an improvement in attitudes towards energy saving, given that the group has the lowest degree to
which comfort prevents energy conservation (Need for personal comfort).

The sixth group (Cluster 6), "*Modernizers - lovers of comfort™ are distinguished by the
fact that they are fully involved in efficiency behavior, that is, they buy energy-efficient appliances
and install energy-efficient retrofits. However, they have an average level of curtailment behavior,
meaning that they sometimes or often perform daily activities that contribute to energy
conservation. They almost always buy energy-efficient appliances because they save money, help
nature by reducing greenhouse gas emissions and are better than alternatives (Reason: quality),
and they always look for energy efficiency labels when buying. The main factor that influenced
their installation of energy-efficient retrofits is the increase in warmth and comfort in the home.
Also, this group, to a greater extent than the rest, highlights the experience of friends and neighbors

in installing retrofits (Reason: friends) as a significant factor. Thus, this group is characterized by
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the “word of mouth” effect, when successful experience is transferred between people on their
own, without additional promotion. The stimulation strategy for this category of consumers comes
down to retaining them and stimulating repeat purchases and installations. Energy-efficient
appliances can be promoted among this group through the characteristics of energy saving,
quality and durability, as well as a positive effect on the environment. To incentivize the
installation of new retrofits, a broad list of retrofits and their impact on home comfort should be
identified and proposed for their consideration. Stimulation of curtailment behavior among
members of this group is limited, since they have relatively low economic incentives to change
their daily behavior. Taking advantage of the relatively high level of knowledge and personal
norms of this group, it is possible to continue to develop a positive attitude towards energy
conservation and to increase the degree to which users control their daily behavior (Locus of
control) through information and education.

The seventh group (Cluster 7) “Frugal families with children” differs in that they have a
relatively high intensity of curtailment behavior and buy energy-efficient appliances, but do not
install energy-efficient retrofits. Factors stimulating their curtailment behavior are a high desire to
save money by energy conservation and high level of knowledge in the field of energy
conservation compared to other groups. Additionally, curtailment behavior is stimulated by their
marital status and the presence of children, which reduces income per family member and
increases the demand for energy conservation. In particular, having children stimulates energy
conservation through the educational aspect and the need to show children a good example of how
to use appliances correctly and not waste energy. Representatives of this group note saving money
and quality as significant factors in the purchase of energy-efficient appliances, while the
benchmark for them is the energy efficiency label on the product. A factor that could stimulate
the installation of energy-efficient retrofits in the house is an initiative from outside, despite the
fact that representatives of this group themselves do not see the point in installing them. It is
necessary to consider that they live in relatively young housing (House age) and for a short time
(Living period), while the reluctance to spend additional money for energy conservation and
energy efficiency (Cost-Benefit ratio) also hinders the installation of energy-efficient retrofits.
For this group of users, it is recommended to carefully approach the proposal of energy-efficient
retrofits, concentrating on the cheapest and fastest payback measures. At the same time, it is also
recommended to develop a positive attitude towards energy conservation through the economic

benefits of its implementation.
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2.3 Policy recommendations

As a result of building models of energy-conserving behaviors of households and studying
their parameters, as well as constructing and interpreting of consumer profiles, general conclusions
and recommendations can be drawn on the formation of a policy to stimulate energy conservation
and efficiency of households.

As part of the study of the model of curtailment behavior, it can be concluded that it is
influenced mainly by psychological factors. In order to encourage frugal daily behavior of
households, certain efforts should be made increasing the general level of knowledge of the
population in energy conservation issues, fostering positive beliefs and attitudes towards energy
conservation. Population informing can be provided both by municipalities and specialized
government authorities. When developing and planning activities, it is necessary to focus on the
effect that provided information has on the level of knowledge and beliefs of the population, how
it is aimed at increasing the perceived level of control over energy conservation, and to what extent
reveals the economic benefits of energy conservation and energy efficiency. It is necessary to
abandon template forms for presenting information and ensure that it is accessible to all age
categories, including the elderly people, who may find it more difficult to understand complex
issues of energy conservation and efficiency.

Special attention in terms of stimulating curtailment behavior deserves the technical
equipment of residential buildings with metering devices and thermostats to control the heating
temperature, as well as the possible decentralization of electricity and heat supplying systems.
These measures allow people to feel more responsible for their energy consumption and make
energy conservation more desirable, in contrast to the case of passive consumption, when
households unconsciously and uncontrollably consume all the energy provided to them.

An additional direction for stimulating curtailment behavior among the population can be
the creation and implementation of specialized educational courses in schools, which will allow to
develop useful qualities in the younger generation. Additional school courses aimed at protecting
nature and energy conservation are as relevant as the recently actively introduced financial literacy
and modern technology courses. Considering that families with children are more prone to energy
conservation, it can be concluded that the use of special school courses for children can involve
their parents and indirectly stimulate energy conservation among the older generation.

Among other things, proper communication can influence efficiency behavior in the form
of buying energy-efficient appliances and installing energy-efficient retrofits. The research has
shown the role of knowledge and beliefs in decisions to make a purchase or install a retrofit,
therefore, the recommended information campaign should also cover these areas. In addition, it is

necessary to ensure that public awareness is targeted at both men and women, who have shown
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less propensity to purchase energy-efficient appliances and install energy-efficient retrofits than
men. Also, in the process of informing, the correct positioning of energy-efficient equipment
among the population deserves special attention, since rational reasons are fundamental factors in
making efficiency decisions.

As for the purchase of energy-efficient appliances, the current positioning only signals
economical motives for their purchase. Energy-efficient appliances need to be promoted as a
means to reduce greenhouse gas emissions in order to attract non-buyers of energy-efficient
appliances but would make a purchase to protect nature. An additional factor confirming the
necessity to position the environmental friendliness of energy-efficient appliances is the growing
role of the energy efficiency label in the choice of electrical appliances. In addition to the standard
set of information, which is regulated by the legislation, it is recommended to indicate the potential
environmental impact of the products sold, using the example of how RZD does it when selling
tickets for passenger trains. In this context, information about the annual reduction in greenhouse
gas emissions achieved by using an energy-efficient appliance may encourage pro-environmental
people to purchase this appliance. It is also necessary to disclose the quality characteristics of
energy-efficient appliances, promoting their durability and reliability, in order to attract
conservative buyers who do not trust innovation and prefer older appliances.

Regarding the positioning of energy-efficient retrofits, it is worth paying close attention to
the promotion of those characteristics that are not currently associated with them. Doubts about
the energy and money savings that can be achieved, as well as about the difficulty of
implementation often prevent people from installing retrofits. It is necessary to form a list of
quickly paid back retrofits that are accessible to the majority of the population and that can have a
significant effect on efficiency behavior. Considering that people mostly are unaware of
improvements that can be successfully implemented in their homes, offering a wide range of
options can stimulate the activity of households in adapting these retrofits. The issue of providing
financial support for the installation of retrofits deserves special attention, which is essential for
people who did not install improvements. It is recommended to develop and implement a voucher
program for the installation of energy-efficient retrofits, which will remove the risks and
uncertainty from the residents and stimulate their efficiency behavior. This measure will allow
many people to improve the quality of their living conditions, as well as, in the long run, save
money needed for larger repairs or renovations due to deteriorating housing. The pilot launch of
this program will not require significant funding and may involve interested territorial
development institutions, such as VEB.RF, DOM.RF or the Territorial Development Fund, whose

activities are related to the goals of the proposed initiative.
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In order to stimulate the repeating installation of retrofits by people who are already
involved in these activities, it is necessary to draw up a list of activities that contribute to improving
the comfort of housing and promote it among people who have experience in installing retrofits.
Considering the revealed presence of the "Word of mouth™ effect in the installation of energy-
efficient retrofits, we positively assess the likelihood of the residents’ communities being involved
in the installation of retrofits and the possibility of stimulating the efficiency behavior among
groups of people.

Also, according to the analysis, when implementing measures to stimulate the installation
of energy-efficient retrofits, it is necessary to take into account the technical parameters of housing,
since the recommended improvements will vary depending on the age, size, condition and
configuration of dwellings. For this reason, being proactive about engaging households should be
combined with targeting, focusing firstly on people who live in a dwelling for a long time and are
more likely to install energy-efficient retrofits.

In this context, based on the obtained consumer profiles, it is possible to form targeted
proposals to stimulate energy conservation and energy efficiency among different categories of
the population. Considering that “Energy wasters” make up only 10% of the population, it can be
concluded that the energy consumption pattern in St. Petersburg is relatively frugal with significant
potential for improvement. Mostly this can be explained from a historical perspective and by
mentality parameters, but it is important to continue to encourage energy-conserving behaviors
depending on the preferences and characteristics of the identified profiles. Therefore, for the
targeting and effectiveness of the proposed activities, it is recommended to implement new formats
of interaction between the state and the population that contribute to the collection of data on the
population, the correct classification of preferences and requests, and the formation of popular and
useful activities. For this purpose, a platform of residents can be implemented, which will unite
communities involved in improving the quality of living conditions, protecting the environment

and conserving energy.

2.4 Research limitations and directions for future research
At the end of this study, it is worth paying special attention to the limitations associated
with the achieved results. First, it should be taken into account that the questionnaire answers were
collected on a voluntary basis without the involvement of a professional commercial organization.
The research of young scientists is often self-initiated and is not able to attract financial support in
the form of grants, which will allow to form a representative sample of respondents and ensure the
absence of selection bias. In this case, we obtained a distribution structure of respondents close to

the general population. However, the study highlights the problem that the following categories of
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the population are overrepresented in the sample: people with higher education, young people 20-
35 years old, and women. This bias is primarily due to the propensity of the individuals to take
part in surveys in the framework of sociological research, in particular using online forms for
survey. In addition, most of the districts of St. Petersburg were not sufficiently covered within the
framework of the study, and respondents from the Kronstadtsky district were completely absent.
This is due to the fact that the target audience of the survey were users of social networks in the
communities of residential complexes, which are most common in areas with high population
density. For this reason, the respondents of the Nevsky and Primorsky districts are overrepresented
in the sample, since they are the most frequent audience of the respective communities in social
networks.

A possible way to solve the problem could be to apply a stratified sample to the data
obtained in order to get the structure of data which corresponds to the distribution of the general
population according to the main socio-demographic parameters. However, in the case of this
study, this approach was not justified due to a significant reduction in sample size and a
corresponding increase in the sample margin error. A high margin error in the case of a small
sample causes the questionable quality of the results obtained, since in reality they can differ
significantly from the actual values.

Nevertheless, within the framework of this study, a methodology was formed and groups
of factors that influence household energy conservation and energy efficiency were identified. The
large sample size (421 respondents) allows us to conclude that the results obtained are statistically
significant, although there may be a bias in the quantification of the measured impact.

In this regard, as part of further research, the methodology presented in this paper can be
used to study smaller areas with a less heterogeneous structure of respondents in terms of socio-
demographic and dwelling characteristics. It is also allowed to apply this methodology on a
representative sample formed by professional organization in case of further development of
science in this area and obtaining the possibility of grant funding.

Another problem that is typical for many studies in the field of household energy behavior
is the subjectivity of respondents’ assessments of most of the parameters considered. The study is
based on the respondents' self-assessment of the characteristics of their behavior, its frequency and
intensity, and not on real measurements. For this reason, respondents could overestimate or
underestimate certain aspects of their behavior, as well as their knowledge and beliefs in relation
to climate change and energy conservation, the ability to control behavior, and their attitude
towards energy conservation in general (Semenza et al, 2008). Thus, the study does not reflect the
actual energy consumption of households, as well as their ability to reduce energy consumption in

physical terms.
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Future research should aim to overcome this limitation by involving fewer respondents in
providing actual data on energy consumption in order to apply the identified factors to this
dependent variable, based on some previous studies (Santin, 2011; Abrahamse, Steg, 2011). It is
possible that variables may change their statistical significance, direction, and size of influence
when tested with variables that reflect actual household consumption and conservation achieved
as a result of certain actions.

Finally, the last limitation of the study is the chosen design in the form of an observational
study, which allows to judge only the presence of a correlation between the phenomena under
study, but not causal relationships between phenomena. As part of further research, it is planned
to use an experimental design, when the behavior of respondents is studied for a certain time, and
the identified effects are tested using a control group. Based on some previous research, a
longitudinal study is needed to uncover the causal relationships that arise in the process of energy
consumption and energy conservation by households (Abrahamse, Steg, 2009; Abrahamse, Steg,
2011).

CONCLUSION

In recent decades, the problem of climate change has become especially acute in the form
of an increase in temperature and concentration of greenhouse gases in the atmosphere. The
problems of climate change are an object of global general concern among international
community and lead to irreversible consequences for anthropogenic and natural systems, affecting
the population, infrastructure and climate-dependent sectors of the economy, leading to the
degradation of ecosystems.

Most carbon dioxide emissions are concentrated in cities and have a steady upward trend
due to the accelerated pace of urbanization and the growth of agglomerations. At the same time,
the residential sector is one of the largest sources of greenhouse gas emissions into the atmosphere
and is of particular concern due to deteriorating equipment of residential buildings and energy-
wasting behavior of households.

Considering the limited financial resources and the impossibility of a full-scale
introduction of energy efficient technologies in the residential sector, the stimulation of sustainable
behavior of households in relation to energy consumption and conservation deserves special
attention. In this regard, the attention of researchers is focused on the question of what factors can
affect the frequency and intensity of energy-conserving behavior of households and provide
effective changes in household behavior.

As part of the study, the main types of energy behavior were revealed, including

curtailment and efficiency behaviors, which are associated with different levels of financial and
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behavioral costs and depend on various factors. In addition, a review of the literature made it
possible to identify the factors influencing the energy conservation and energy efficiency of
households, classify them and systematize their contribution to energy behavior in the theoretical
framework used in this study.

As a result of the econometric analysis of the constructed models, it was determined that
curtailment behavior mostly depends on the psychological profiles of people, which are
characterized by their level of knowledge, beliefs, perceived control over actions, and attitudes
towards energy conservation. On the contrary, efficiency behavior is more objective and relies
primarily on rational reasons and factors for making a purchase. Based on the conclusions about
the statistical significance of the factors included in the model, the direction and strength of their
influence on various types of energy behavior were assessed.

In addition, the study identified seven main household profiles according to the degree of
involvement in various types of energy behavior. The interpretation of the profiles made it possible
to formulate the main preferences and requests of user groups, as well as their psychological, socio-
demographic and dwelling characteristics, on the basis of which recommendations were made to
stimulate energy conservation and energy efficiency for each of the user groups.

Based on the results of the empirical analysis, the goal of this work was achieved. Based
on the constructed models, recommendations were made for the authorities of St. Petersburg,
resource-supplying organizations and institutions of territorial development on involving the
population in energy-conserving activities. These recommendations focus on informing the
population, conducting educational activities in the field of energy conservation and efficiency,
positioning certain characteristics of energy-efficient products and organizing new forms of
interaction between the state and society, the purpose of which is to stimulate energy conservation
and energy efficiency of households.

The results of this work and the approaches used in the econometric analysis can be applied
in the field of scientific research on household energy behavior and pro-environmental behavior,
which determine the theoretical contribution of this work. The recommendations formed on the
basis of the empirical analysis reflect the practical significance of this work and set the direction
for the work of St. Petersburg authorities, resource-supplying organizations and territorial

development institutions to stimulate household energy conservation and energy efficiency.
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APPENDIX 1 QUESTUONNAIRE FOR ST. PETERSBURG RESIDENTS

JHeprocoepexeHne  3HepPro3¢gpPeKTUBHOCTH B )KUJIBIX J0MAX

3npaBcTByiite! B pamkax uccnenoanus, mpoBogumoro B Cankrt-IlerepOyprckom
rocy/1apCTBEHHOM YHUBEPCUTETE, Mbl H3y4aeM ITyTH MOBBIIICHUS SHEPTro3(hPeKTHBHOCTU
XKHUIBIX ToMOB ropona Cankr-IlerepOypra. [lns sToro Ham Hy>kHa Bama nomomis. [oxanyiicra,

OTBETHTE HA BOIIPOCHI aHKETHI, 3TO 3aiiMeT y Bac He 6osiee 10 MUHYT.

Pa3zpen 1
Bame mecTo NOCTOAHHOTO PO KUBAHUS
B JTAHHOM pa3II€JIC MBI XOTUM y3HaTI) XapaKTepI/ICTI/IKI/I MECTa Bamero ITIOCTOSAHHOTI'O

MMPOXUBAHUA, IJIs1 YCTO IIPOCUM Bac orBeTHTh Ha HECKOJILKO BOIIPOCOB.

1. BeiOepure, 4o Jiydlille BCET0 COOTBETCTBYET MecTy Barero noctosHHoro npoxuanusi. OiuH
BapHaHT OTBETA.

e JKuBy B COOCTBEHHOM J1I0M€

e KuBy B apeHI0OBaHHOM JIOME

e KuBy B cBO€l KBapTHpE B JOME, B KOTOPOM He Oosiee 4-X KBapTHP

e (CHuMaI0 KBapTHUPY B IOM€, B KOTOPOM He Oosee 4-X KBapTUp

e KuBy B cBOEl KBapTHUPE B MHOTOKBAPTUPHOM JIOME

e (CHMMar KBapTUPY B MHOTOKBAPTUPHOM JIOME

e KuBy B cBO€ll KOMHaTe B KOMMYHAaJIbHOM KBapTUPE / OOILEKUTHH

e (CHMMao KOMHATy B KOMMYHaJIbHOM KBapTHpe / OOIIEKUTUI

e /lpyroe

2. YKaxkHTe, NOKAITYHCTa, KTO OIUIAYUBAET CUETA 32 KOMMYHAJIbHBIE YCIIyTu B Bamem nome.
OnuH BapuaHT OTBETA.

o

e OpuH U3 MOMX 4JICHOB ceMbH (coxxuteneii) / [TapTaep

® ApeHnonarenb

o Jlpyroe

3. CKOJIBKO XKMJIBIX KOMHAT B BarieMm jome, He cuuTas KyXHIO U 110/ICOOHBIE TIOMEIEHUs?

(BOIUIITUTE YUCIIO).
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4. Kakoii BapuaHT Han0oJiee TOYHO OTIMCBHIBACT MaTepHall, U3 KOTOPOTo U3roToBJIeH Bamn qom?
Opnun BapuanT otBeta. ([TokaspiBark, eciiu B Bonpoce 1 BeIOpaHbl MyHKTHI 1-4)

o KupnuuHblit

e buiounsIii (MeHOOETOHHBIN, apOOTMTOBBIN U JP.)

® JlepeBsiHHBINM

e /lpyroe

5. Kakoit Bo3pact y Bamero noma? Onun Bapuant oteta. (Iloka3biBate, ecau B Borpoce 1

BBIOpAHBI MMyHKTHI 1-4)

e Jlo 5 ner

e 5-14 yer

e 15-24 rona
e 25-34ronma
e 35-44Tona
e 45-54Tona
e 55-64ronma

® 65 u GoJee JeT

6. 3naete 1 Bl kitace sneprosdexruBroctr Bamero noma? OauH BapuaHT OTBETA.

e A-A++

e B-B++
o C
e D
o E
o F
o G
e He 3naro

7. BLI6CpI/ITC BApHUAHT U3 NPCACTABIICHHBIX HUXKCE, HanOoJIee MOX0XKHUI Ha JA0M, B KOTOpOM Bri

npokuBaete: Oaun BapuanT oTBeTa. ([TokaseiBath, eciu B Borpoce 1 BeiOpaHbI MyHKTHI 5-8)



JlopeBOIOIMOHHBIN 0€3 KalmpeMOHTa

Jhriedenai (pocHes

JlopeBOMIOLIMOHHBIN C KAIIPEMOHTOM

e

e
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CraanHCcKun

Cranunckuii: KoHCTpyKTUBU3M
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e HewMmenxue koTTemxn

528 cepun

o XpymeBckuil: 527
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e Xpymenckuii: 507 cepust

e XpymieBckuii: 335 cepus
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e Xpymesckuii: cepus ['U

o Xpymesckuii: cepus O/]
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® XpYIIEBCKUI: KUPITUYHBII

e bpexuesckuii: 600-s1 cepust

ynuua flemsana Bearoro

e SERGLV FResvasaia Beguano
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bpexxneBckuii: 504-s cepust

Bpexxnenckuii: 606-5 cepust
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o 137-a cepust

o 121-5 cepus

=
;
3
2
g

D »
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® bpEeXHEBCKHIl: KUPITUYHBIN

e Cepus 90JI0
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e Cepus 1.090.1 OnTuma

o Cepus Konrtakt-CII
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® COBpCMeHHBIe ITaHCJIbHBIC

iy Hopuiseccm yrae

Haguissscrist yng P
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® KI/IpHI/I‘-IHO'MOHOHI/ITHBIe

NapaunoT Han ynuus

e Jlpyroe

8. YkaxxuTe 0011yI0 TUIOIIA/ (b TOMEIIEHUH B BalieM JoMe / KBapTHpe (BIUIIUTE YHUCTIO).

e Bsgeaure orBeT

9. VkaxuTe, moKaaylcra, CKOJIbKO TOJTHBIX JIET BBl MpoKUBaeTe B yKa3aHHOM J0Me / KBapTHPE
(BOIUIIMTE YHCTIO).

e Bsaeaute oTBeT

10. Kakoii u3 cienyromux BapuaHTOB O0JIbIIIE BCETO COOTBETCTBYET CUCTEME OTOTUICHHS B
Bamem nome? Oqun BapuaHT OTBETA.
e [lenrpanpHoe
® ABTOHOMHOE (KpBIIIHASI, BCTPOSHHO-TIPUCTPOCHHAS KOTEIbHAS; KOTEIbHAs BO JIBOPE)
o lunuBuayanbHOE (COOCTBEHHBIN Ta30BBIM KOTEN B KBAPTHPE/IOME)
e llunuBuayanbHoe (COOCTBEHHBIH IEKTPUUECKUN KOTE B KBApTHPE/A0ME)

e Jleunoe

e Jlpyroe
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11. Ectb iu y Bac Tepmoperynupyoiye KianaHbl, 175 peryJIupoBKH TeMIIEpaTyphl B
MOMEIIEHUH (BKJIFOUCHUS/BBIKITIOUEHUS oToruieHus)? OIMH BapraHT OTBETA.

e Jla, ycraHaBiIuBaJl cam

e Jla, ObLI BCTPOEH U3HAYATIBHO

e Her

Paznea 2

deKTpUYecKue ObITOBbIE MPUOOPHI

B arom paznene Mbl npocuM Bac ykazaTh KpaTKyr0 XapakTEpUCTUKY OBITOBBIX IPUOOPOB,

HaxXoOAIIUXCsS B Bamewm AOME, OTBCTUB Ha HECKOJIBKO BOIIPOCOB.

12. JTns xax0oro NpeAcTaBICHHOr0 IEKTPOoIIpudopa, yKaxkuTe, oxajyicra, Kiiace
9HEpProdPPeKTUBHOCTH, €CIIM OH ecTh B Bamewm nome / kBaptupe. Eciu anekrporpubopa HET B

Bamewm nome / kBapTupe, To oTMeTbTe Bapuant "Her nmpubopa". llkana JIukepra.

Hpyro
Her He 3naro
A - A++ B u Her knacca
npubopa KJ1acc
KJ1acc
XO0JIOIUIILHUK ° ° ° ° ° °
Mopo3uibHas kamepa ° ° ° ° ° °
CrupanbHas MalinHa ° ° ° ° ° °
CrupanbHO-CymIniIbHas
° ° ° ° ° °
MallrHa
CymmnpHasi MallvHa ° ° ° ° ° °
[Tocynomoeunas
[ ] [ ] [ J [ J [ J [ J
MaIllHa
Konaunuonep ° ° ° ° ° °
DJIEKTPOIINTA ° ° ° ° ° °
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JyxoBoit mkad ° ° ° ° ° °
TeneBuzop ° ° ° ° ° °
[TepconanbHbII

° ° ° ° ° °
KOMITBIOTEP

13. Kak Bb1 00b19HO BbIOMpaeTe OBITOBBIE MPUOOPHI I MOKYNKHK? HeckoabKko BapuaHTOB

OTBCTA.

Bri6upato cam

Bri6upaet cynpyr (cynpyra) uiu napTHep
Bri6upaeT npyroii 4ieH Moeil ceMbH (COXHUTEb)
Br16uparo 1o coBety npy3elt / 3HAaKOMBIX
Br16uparo 1o pekoMeHIanuy B HHTEPHETE

BLI6I/IpaIO IO PEKOMCHAAINHN KOHCYJIbTAHTA B MAlra3uHC

Jpyroe

14. Bribepurte, Kakue U3 NEPEYUCICHHBIX OBITOBBIX MPUOOPOB Brl mokynanu 3a nocneanue

5 ner? Heckosbko BapuaHTOB BbIOOpA.

XO0JIOAUIIBHUK

Mopo3unbHas kamepa
CrupanbHas MalHa
CrupanbHO-CyIIMIbHAS MallIuHA
CymuiabHas MalInHa
[Tocynomoeunast MaimmHa
Konaummonep

DIIeKTPOIINTA

e JlyxoBoii mkad

Tenesuzop
ITepcoHAIBHBIN KOMITBIOTED

Huxaxue u3 MNEPCUUCIICHHBIX

94




15. Korna Bl BEIOMpaeTe ObITOBBIC TPHUOOPHI, OPUEHTHPYETECH JTM BbI Ha BBICIITNI TTOKA3aTelb

sHeprodddexTuBHOCTH (A - A++)? OnMH BapuaHT OTBETA.

16. HazoBuTe OCHOBHBIC IPUYHHBI, 10 KOTOPHIM BbI OKymaeTe (Mix MOTIIU OBl KYITUTD)

sHeprodddexTuBHbIe OBITOBBIE MPUOOPHI. Heckombko BapuaHTOB BEIOOpA.

Ha
Het

9TO MO3BOJISICT (HO3BOJII/IJ'IO 6H) O9KOHOMMTB Ha CUCTaX 3a 3JICKTPOSHCPIUuro

Ot0 nmomoraet (rmomoraso 0bl) OKpysKarolei cpeze (cHmkaeT (CHU3UIO Obl) BEIOPOCHI

OueprosddhexTuBHbIC TPUOOPHI OoJice kKauecTBeHHBIC (ObLT ObI 00JICe KAYSCTBEHHBIMU),

3Haro (3HaJ1 ObI), 4TO TaK JEIAr0T MOM COCEIH / 3HAKOMBIE

Onu fenarot (nenanu Ob1) oM yioTHee / KoMpopTHEE

[
[ ]
YTJIEKUCIIOro ra3a)
[ ]
4eM aJbTEePHATHBEI
[ ]
[ ]
o pyroe
Pa3nea 3

IToTpedJieHne U IKOHOMMS IHEPTUH

B nanHOM pasaciic nNpeaACTaBJICHBI HCKOTOPHIC I[eﬁCTBHH, BJIMAIOIIMWC HA HOTpe6HCHI/Ie SHEPTHHU.

[To kaXXIOMy CKa)XXHTe, YTO XapakTepHO i Bac mMuHO B 1aHHbI MOMEHT. [loMHUTE, YTO HET

MPaBUJIbHBIX WJIN HEIIPABUJIBHBIX OTBCTOB — HAC MMPOCTO UHTECPECYCT TO, YTO BreI mruno J€1acTC

B JJAHHBIA MOMEHT.

17. OTmeThTe, MOXKATYHCTa, KaKoe TIOBeIeHNE Hanbonee xapaktepHo ais Bac. [llkana Jlukepra.

Hwukorna

Penxo

Wnuorna

YacTto

Bcerna

Kungarute yaliHuK
TOJILKO C TEM
KOJIMYECTBOM BOJBI,

KoTopoe Bam Hyx)HO
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HamepenHo cokpaiath
norpebieHne
3JIEKTpUYeCTBa (HE
UCIOJIb30BATh JIUIIHUHN

pa3 dIEKTPOIPUOOPHI)

IToxynars
sHeprodhpexTUBHBIC
(kmacca «A» WM BBIIIE)

MPUOOPHI

Hcnons30BaTh
sHEprocOeperaronme
JIAMITOYKH JIJIS
OCBECILCHHS ITOMEIICHHI

B CBOEM JIOME / KBapTUPE

Hcnonb3oBaTh
CBETHIJILHUKH C
JTaTYNKAMHU JBVKECHUS
JIISL OCBEILICHUS
MOMEILIEHUH B CBOEM

oMe / KBapTupe

18. OTmethTe, MOXKANTyiicTa, Kakoe MOBeJeHne HanboJsee XxapakTepHo A Bac.

[xana Jlukepra.

Huxorna | Penxo Wuorna Yacto Bcernma
Crupats oaex 1y npu
temneparype 40 ° °
IpagyCcoB WINA HUXKE
HamepenHo ctpeMutscs
COKpaTHUTh NOTpeOIeHUE ° °

ropstueit u (Win)
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XOJIOAHOM BOJIBI JOoMa / B

KBapTupe

Brikimouats oTOILICHHE,
KOTJIa HaJI0JITO BBIXOXKY ° ° ° ° °

M3 IoMa

OcCTaBJIATh
BKJIFOUYEHHBIMUA

TEJIEBU30D WK

o { ] o [ ] o
KOMITBIOTEP B PEXKHME
OXXUIAHUA Ha
JUTATEITHHOE BPEMSI
OcCTaBIIATH CBET
BKIIOUCHHBIM, KOrja
[ ] o [ ] [ ] [ ]

HHKOI'O HCT B

INOMCIICHUU

Paznea 4

JHeproddpexTuBHbIC YCOBEPIICHCTBOBAHUSA JOMOB / KBapTHP

B nanHOM pa3zzese npecTaBiIeHbl HEKOTOPbIE YIyUIlI€HUs, KOTOPbIE MOTYT OBITh IPUMEHEHBI K

JAOMaM U KBapTHpaM C LCJIbIO COKpalCHUSA HOTp€6J'[€HI/I$I OHCPIHH. OTMGTBTC, HO)KaJ'ny/'ICTa, TC
BApHUAHTBI OTBCTA, KOTOPHIC HanOoJee XapaKTCPHBI JJI Bamero omnpita B YCTaHOBKE U

HKCIUTyaTalluK MMOI00HBIX yiIydlleHuid B Bamiem nome.

19. YcranaBnuBanuch m Aiist Bamrero goma / KBapTHPBI Kakue-Iu00 U3 TPEICTABICHHBIX HITH
JPYTUX yIyUYIIeHUH JUIs COKpalleHus motpediaenus sHepruu (Bamu nnm apyrumu aunamu)?
1. TenmounzonAuus HAPYKHBIX CTEH, KPBIIIM WIK NoJa (10/BaJIa)
2. YcTaHOBKA MHAMBUIYaIbHOTO (KBAPTUPHOIO) SJIEKTPUUECKOT0 MIIM Fra30BOT0 KOTJIa
3. YcTaHOBKa TEMIO0TPaXAIOIINX HKPAHOB 32 OTOMUTEIBHBIMU MpUOOpamMu
4. 3aMeHa OTONMUTENBHBIX PauaTopoB (0aTapeii) Ha HOBbIE
5. 3aMeHa cTapbIX OKOH Ha CTEKJIOMAKETHI
6. 3ameHa OKOH Ha 3Heprod3(PGeKTHBHBIC CTEKIIONAKETHI, 00J1aat0THe TOBBIIICHHBIM

TEPMHUYCCKUM COIMPOTUBIICHUEM
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7. Qpyrue yaydiieHus 37aHus / TOMEIICHUS

OpuH BapuaHT OTBETA.

Ha
Het

20. OTmeTbTe, MOXKaNyIiCTa, KaKue yIyqlleHus yCTaHaBIMBaIUCh. HeCKOIbKo BapuaHTOB

BeIOOpa. (IToka3eiBaTh, eciu B Bonpoce 19 BriOpan myHKT 1)

Tennounzonsuus HapyKHbIX CTEH

Tennon3osnus KpbIy (4epaaKa)

VYremnenue nosa (moaBaia)

YcTaHOBKa MHIMBUYyalIbHOTO (KBAPTUPHOI0) 3JIEKTPHUUECKOI0 KOTJIa

VYcTaHoBKa MHIUBUAYAIBHOTO (KBAPTUPHOT0) ra30BOT0 KOTIIA

VYcTaHOBKa TEIIOOTPAXKAIOIIMX SKPAHOB 32 OTONUTENIbHBIMU PUOOpaMu

3aMeHa OTONUTENIbHBIX pasnaTopoB (OaTapeil) Ha HOBbIE

3aMeHa CTapbIX OKOH Ha CTEKJIOMAKEThI

3aMeHa OKOH Ha 3Hepro3((eKTUBHBIE CTEKIIONAKETHI, 00JIaJat0I1e TOBBIIICHHBIM

TCPMHUYCCKUM COIMMPOTUBIICHUEM

Hpyroe

21. Ilo kakuM pUYMHAM ObUIN ClIeNIaHbl yKa3aHHbIE yiydlieHns? Heckoabko BapuaHTOB

BbIOOpa. (IToka3biBaTh, ecTh B Bonpoce 19 BriOpaH myHKT 1)

DTO DKOHOMHUT JE€HLIH

S1 3Han, 9T0 3TO JIETKO / OBICTPO C/IeNaTh

DT0 MOMOTaeT OKpY KaroIel cpeae (CHUXKAEeT BBIOPOCH YTIAEKUCIIOTO ra3a)

D710 OBLIO ClIENaHO HE M0 MOeH UHUITMATHUBE (B MPOIIECCE PEHOBAIMH UITH KAaITUTAILHOTO
PEMOHTA)

breuta momydena ¢puHaHCOBAS MOIEPKKA Ha PabOTHI

Bunen / 3Ha1, 94T0 3TO clenany Apyrue o1

I[CHaCT JA0M TGHHCC/HpI/I}ITHCC

Hpyroe

22. Tlo kakuM nmpuyrHaM Bl MOriu OBl cliesiaTh OAHO U3 BBIICYKa3aHHBIX YIyUIIeHUH?

Heckonpko Bapnanto Beioopa. (Iloka3eiBate, ecth B Borpoce 19 BbiOpan myHKT 2)

OTO0 MO3BOJIUIIO OB 9KOHOMUTH JCHBI'

D10 OBIIO OBI JIETKO CENATh / YCTAHOBUTD
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e D10 nmomMorajo Obl OKpyXKaromen cpeie (CHU3UIO0 ObI BHIOPOCHI YTJIEKHCIIOTO Ta3a)

® Dt0 O6bUIO OBI CIETIAHO HE 110 MOEH MHUIMATHUBE (B MPOLIECCE PEHOBALIMU HIIH

KaMUTAIBHOTO PEMOHTA)

e FEcnu Oplna Ol BbIIeNIeHa (prHAHCOBAS TOIEP)KKA HA PAOOTHI

e Ecnu ObI 3TO crenanm coceau / JIF0AM, KOTOPBIC KUBYT PSAAOM

e Ecnu 3710 cenano Obl 10M Teruiee / MpusTHee

o Jlpyroe

Pasznen 5

OTHolIEeHHnE K 3Hepr0c6epemeﬂmo H MPO3KOJIOIrHIE€CKOMY MOBECACHUIO

B nannom pasaciie mpeaACTaBJICHBI CYXKACHUSA, OTHOCAIIUECH K C6epe)KeHI/II-O OHCPIUH U

TMIOJIE3HBIM I OKPY’KAOUIEH CPEIbI ICUCTBUSIM. Y KaXKUTE, OKAITYICTa, HACKOJIbKO BbI

COTJIaCHBI CO CICAYIOIIMMHU YTBCPKIACHUSAMMU. HOMHI/ITG, YTO HCT MMPaBHUJIbHBIX WJIN

HCIIPABUJIBHBIX OTBECTOB — HAC IIPOCTO UHTCPCCYCT Bamia nuunas Touka 3pCHUSI.

23. YKaxuTe, MOXKATyHCTa, HACKOJIBKO BBI COTJIACHBI MJIH HE COTJIACHBI CO CIICTYFOIIHMH

yrBepxkaeHusamu: [llkana Jlukepra.

AbcomotHo | Ckopee He | TpyaHO Ckopee | AbGcomoTH
HE COTJIaceH | CoTJIaceH | CKa3aTb, COTJIaCeH | O COTJIaceH
COTJIACeH WJIH
HE corjlaceH
[TomoraTh mpupo/ie CTOUT B TOM
[ ] [ ] [ [ ] [
ciry4ae, €CJId 3TO SKOHOMUT JICHBI'H
$1 MOTy JTOBOJIBHO JIETKO COKPATUTh
([ ] [ ] [ J [ J [ J
noTpedIieHne SHEPTUH
A He cokpaty noTpeOieHne YHEPTuH,
TaK KaK 3TO TPeOyeT CIIMITKOM MHOTO ° ° ° ° °

BPCMCHU U CHJI
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51 cokparmiaro moTpedIeHUe YHEPTUH,
HE3aBUCHMO OT TOT'0, YTO JICIAI0T ° ° ° ° °

JIpyTHUe JTI0A1

Ecnu ObI TpaBUTENBCTBO JENIAI0
OodbIie 1711 60pbOBI C K3MEHEHHUEM ° ) ° ° °

KJIMMAaTa, s ObI TOXKE JieJ1all OO0JIbIle

H3meHeHue KiInuMaTa He noaaacTcs
KOHTPOJIHO — C 3TUM HHUYCT'O HCIIb31 ® ® [ ] [ ] [ ]

caciaaTb

3aboTa 00 oKpy>Karoleil cpeze He

ABJCTCS ITIPHOPUTCTOM B MOEH KU3HU

MHe Hy»X)HO 0oJbIie HH(DOPMALIUU O
TOM, KaK cOeperarb YHEPruio B CBOCM ° ° ° ° °

J0M€E

Mae TPYAHO UBMECHUTH CBOU
IIPUBBIYKH, YTOOBI COKpAaTUTh L] (] [} [ ] [}

noTpedIieHne SHEPTUU

MeHs o4eHb O€CTIOKOUT, KOT/Ia Sl BUXKY,
KaK JIFOJIU TPATAT TEII0- U ° ° ° ° °

QJICKTPOOHEPIUIO BITYCTYIO

S He BEPIO, 4TO MOC MOBCCAHCBHOC
IIOBCACHUC U 06p33 JKHN3HHU ® ® (] [} (]

CIOCOOCTBYIOT U3MEHEHHUIO KJIMMaTa

Sl cumTaro, 9YTO BCE JIEOIH JOIKHBI
COKpaIaTh MOTpeOICHUE YHEPTUH IS ° ° ° ° °

O00pBOBI C U3MEHEHHEM KITUMaTa

24. YxaxuTe, OXKaITyiCcTa, HACKOJIBKO BBI COTJIACHBI MJIH HE COTJIACHBI CO CIEAYIOIIMMH

yrBepxkaeHusamu: lllkana Jlukepra.
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AbcomotHo | Ckopee e | TpymHo ckazath, | Ckopee | AGcomoTHO
HE COTJIaceH | corjlaceH | coriaceH WM He | coritaceH | cormace”
COrjaceq

41 3Ha10, KaK 1 MOI'y 5 KOHOMHUTH

° ° ° ° °
ANEKTPO- U TETUIOIHEPTHIO
S He ymeHblIlly noTpelieHue
SHEPIUH, IOTOMY YTO KaueCTBO ° ° ° ° °
MO€H XKU3HU CHU3UTCS
$1 4yBCTBYIO BHHY, €CJIM MOU
JICWCTBUS HAHOCSIT BPET ° ° ° ° °
OKpY’KaroIlleu cpeze
Ecnu 051 OM3HeC gemain 0oIblie
11 O0pBOBI C U3MEHEHHEM

o [ ] [ ] [ ] o
KJIMMaTa, s ObI TOKE Clenall
0oJbIIIe
ITocneacTBusa N3MEHEHUS KIINMaTa
CJIUIIIKOM JIaJIeKO B OyayIIeM,

[ ] [ ] [ ] [ ] o
YTOOBI MEHS JEHCTBUTEILHO
0€ECIIOKOUTD
Bce, uT0 g nenaro, 94ToOBI HIOMOYE
OKpY>Karollleu cpene, T0IKHO

[ ] [ J [ ] [ ] [ J
COOTBETCTBOBATbH MOEMY
MPUBBIYHOMY 00pa3y KU3HU
Sl He 3HAI0, CKOJIBKO

[ ] [ J [ ] [ ] [ J

3JIEKTPUUYECTBA PACXOAYETCS B

MOEM JOME
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DHeprocOepekeHre 03HAYALT, YTO

MHC IIPUACTCS )KUTh MCHCC ® [ ] [ ] [ ] [ J

KOM(OPTHO

MHe He cTouT JcJ1aTh 4TO-TO,

9YTOOBI TOMOYb OKPY>KaIoIIEi

([ ] [ J [ J [ J [ ]
cpeze, eciiy Ipyrue He JeNaoT
TOTO XKe
S He 0cOOEHHO 3ayMBIBAIOCH 00

[ ] [ J [ J [ [ ]
HKOHOMHH YHEPTHU B CBOEM JIOME
51 He Oymy momorartb nIpupoe,
€CITH 3TO MOTPeOyeT OT MEHS ° ° ° ° °

AOINOJHHUTCIBHBIX pacXoa0B

Pa3znen 6

ITepconajbHBIC XapaAKTEePUCTHKH

B nocnennem pasnene mMbl npocum Bac oTBeTUTH Ha HECKOJIBbKO BOIpocoB 0 Bac. Xotum

n06nar0nap1/m> Bacia y4dacTue B OIIpOCE - Bam Bkiiag oueHb BaXKeH IJId 1ieJIeH Halllei

UCCIIeI0BATEIbCKON PaboTHI!

25. Ckonpko Bam nonsbIx siet? (Bnummute 9uciio). OTHOCTPOYHBIH TEKCT.

Bsenute oTBeT

26. Ber: OntuH BapHaHT OTBETA.

My:>xunHa

Kenmmaa

27. Beibepure paiion Cankr-IlerepOypra, B koropoM Bel xuBere. OnnH BapuaHT OTBETA.

Anmupanteiickuit
BacuneocrpoBckuii
Bri6oprekuit
Kanunaunckui

Kuposckuii
102




o Konmuuckuit

e KpacHorsapaeinckuii
e KpacHocenbckuit
o KpoHITaaATCKU
e KypopTHbIil

® MoOCKOBCKUHI

e Hesckuii

e [lerporpanckuii

e [lerpoaBopLoBbIil
e [Ipumopckuii

o [lymkuHCKUI

o @OpyH3EHCKUU

e [[enTpanbHbIi

o Jlpyroe

28. Bam pon 3anatuii? OMH BapHaHT OTBETA.
e [lpeanpuHumMartens, Biajeseln Ou3Heca
e PyKOBOAWTENF KOMITAHUH, TOII-MEHEKEP
e PyKoBoaWTENb CPEIHErO 3B€HA B KOMITAHUU
e (Cnenuanict KOMIIAHUU
e Palounit
e Cdepa oOciyxkuBaHus (TpoaBell, TapuKMaxep U Ip.)
e [IpencraButenp TBOpUecKux npodeccuii (portorpad, XyA0KHUK U TIp.)
e Pa0otaro B counanbHoi cdepe (0OpazoBaHue, 31paBOOXpaHEHHE, KyJIbTypa U CIOPT,
COIMAJIbHBIC YCITYTH HACEIICHHUIO)
e ['occiyxamuii (Opransl BIaCTH, BOGHHAs CITy:k0a)
o @dpunaHcep/caMO3aHATHIN
e |lencuonep
e CryneHT (IHEBHOTO OTACICHHS) TN YUaluics
e Bpemenno He pabortaro 6e3paboTHBIN/ uIy paboTy
e Jlomoxo3siika

® JIeKpeTHBIN OTIIYCK

e Jlpyroe
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29. Yxaxure, mokalyiicta, ypoBeHb Bamero oopasoBanus. OquH BapuaHT OTBETA.

He 3akoH4mMI CpeIHIOKO MIKOTY

Cpennee ob1iee (3aKOHYUIT IITKOJTY)

Cpennee npodeccroHaibHOE (3aKOHYMIT TEXHUKYM / KOJIIEIK )
HezakonuenHoe cpeanee npodeccrnoHaabHoe (YIyCh B TEXHUKYME / KOJUIEIHKE)
Bricmiee (3akoH4r1 OakanaBpuaT / CIICIUATHUTET)

He3zakonuenHoe Briciiee (yuaych B OakanaBpuare / CrielHaTuTeTe)

Vyéuag creneHb

30. Bame cemeitnoe nonoxxenue? OQuH BapuaHT OTBETA.

Cocroro B Opake (B T.4. HE3apPETHCTPHUPOBAHHOM)
He cocroro B Opake (B pa3Bojie)
He cocrtoro B Opake (B1oBa/BAOBEI)

Huxorna e cocrosin B Opake

31. CkoabKo YenoBeK MpoKMuBaeT BMecTe ¢ Bamu nmoctosHHO, cuutas Bac? (BIUIIUTE YUCIO).

OnHOCTPOYHBIN TEKCT.

BBenute oTBeT

32. CKOJIbKO Cpeiy HUX HECOBEPILEHHOIETHUX JeTel B Bo3pacTe /10 18 seT? (BIMILIUTE YHUCIO).

OnHOCTPOYHBIN TEKCT.

BBenute oTBEeT

33. Oxapakrepu3yiite, noxanyicTa, MaTepragbHOe nonoxxenue Bameit ceMbu. OIuH BapyaHT

OTBCTA.

OueHb TsKENO0e, TaK KaK XBaTaeT TOJbKO Ha ety

Tspkenoe, Tak Kak XBaTaeT Ha €y U OJIeXKIY

YMepeHHoe, Tak KaK XBaTaeT Ha €1y, OAEKIY, €)KETHEBHbIE HYK/Ibl U OTILYCK Pa3 B TOAY
Xopotiee, Tak Kak XBaTaeT Ha €1y, OJCKIY, €KETHEBHbIE HYX/IbI, TOKYIIKY aBTOMOOMJIS
U OTITyCK pa3 B roay

Ouenb xopoliee, Tak Kak XBaTaeT Ha BCE, BIUIOTH JI0 MOKYIIKU OJI€XK/IbI K aBTOMOOMIIEH
KJj1acca “ipeMuyM” ¥ JOPOTOCTOSIILEr0 OTJbIXa Ha MPECTHKHBIX KypOpTaxX HECKOJIBKO

pa3 B rony
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34. Kax 651 Bol oniennim cpeaauii qoxoa B Mmecsiy Bameii cembu? OMH BapuaHT OTBETA.

e Jlo 40 Teicsau pyOneil B MecsiL

e 41-60 Teicsu pyOieil B MecsLl

e 61-80 ThICAY pyOIel B MecsIl

e 81-100 TeICSY pyOIIel B MecCsII]

e 101-120 ThICcsu pyOmei B MecsiI

o 121-140 ToIcsu pyOmei B Mecsin

e 141-160 TeICcS4 pyOeit B MecsIl

e 161-200 ThIcsY pyOmeil B Mecsil

e 201-300 ThICSY pyOmeit B MecsII

e 0Oouee 300 TrICSu pyOIIeii B MecsII
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