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Abstract: The problem of energy poverty exists in practically every European country. Its size and
scope are determined by a variety of factors, ranging from economic development to the direction
of energy and climate policy implementation to cultural factors. Our aim in this paper was to carry
out a comparative analysis of indicators related to energy poverty and sustainable development
to identify correlations and links between the two issues and determine how they are related. The
fact that the analysis was performed for most European countries is new and represents a broad
spectrum of research; we were not limited to studies of countries bound by formal political-economic
arrangements or by consideration of the degree of economic development. This approach enabled
explication of how diverse the situation is in Europe. The research methods used included a critical
analysis of the literature and the use of descriptive and mathematical-statistical tools. The main
conclusions and findings of the analysis were that in some countries in economically developed
Europe, energy poverty is a major problem, and that, in this respect, there are large differences
between “old European Union” and “new European Union” countries, and in the countries that
do not belong to political-economic structures in Europe. It is clear, from the research, which
countries are rapidly and effectively reducing their energy poverty problems and which factors are
the determinants of this. These results are linked to the new direction of energy policy and the shift
towards more environmentally friendly energy use. In conclusion, it has been possible to identify the
causes of energy poverty and how the energy poverty situation in Europe is changing.

Keywords: energy poverty; sustainable development; correlation and indexes

1. Introduction

Energy poverty can be observed in many regions of the world. Due to its multidimen-
sional nature, it is not just the domain of poor or developing countries. It may seem that in
developed, industrialised, and highly electrified European countries, that energy poverty
problems are not present. In these countries, the degree of access to electricity, as defined by
the World Bank [1], is 100%. However, it is estimated that more than 50 million households
in the European Union experience fuel poverty [2]. It is a problem that affects all European
countries to varying degrees. It is important to remember that energy poverty is defined
differently in developing countries (i.e., as access to energy sources other than solid fuels
including lack of access to modern energy sources) [3,4], and in developed countries (i.e., as
economic affordability, referring to high energy costs) [5,6]. In general terms, therefore,
energy poverty means that households experience inadequate levels of basic energy ser-
vices, relating to the provision of heating, cooling, lighting, and energy to run domestic
appliances. This situation is related to economic factors that influence the emergence of
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fuel poverty. In theory, the phenomenon of lack of access to energy should not occur, and
it should not be a problem for European countries. A significant problem in developed
countries is the amount of money spent on energy, combined with low household income.
In addition to income, inefficient buildings and appliances and the specific energy needs of
energy consumers affect energy costs. Access to basic energy services, whether for heating,
lighting, or appliances, contributes to ensuring an adequate standard of living and health
for citizens, and the need for this access should guide different policies and the search
for solutions to reduce energy poverty. When identifying energy poverty, we need to ask
ourselves whether and how it can be avoided, and whether there are differences in the
extent of its occurrence for different social groups in countries that implement sustainable
economic and climate policies.

With an understanding of how to measure energy poverty, one can look for correla-
tions and relationships, not only between indicators but also between countries, to draw
conclusions and make recommendations to eliminate the problem. It is possible to show
how the situation has changed over the years and what the causes are. It is necessary to
indicate what actions in the field of sustainable development eliminate energy poverty
because it affects the functioning of entire economies and is directly related to negative
consequences in terms of health and wellbeing (e.g., cardiovascular diseases, respiratory
diseases, and/or stress). It can also have an indirect impact on many areas of national
economic and climate policy, as well as those related to health, the environment, and
economic factors. It is therefore directly linked to the principles of balanced and sustainable
development. In this respect, correlations, dependencies, and linkages should be sought,
indicating the impact of actions which are aimed at addressing these negative phenomena.

This study aims to examine the correlations that may exist between the implementa-
tion of sustainable development principles, based on environmental and macroeconomic
indicators, and energy poverty. The analysis seeks to broaden knowledge, identify deter-
minants, and pinpoint causes of energy poverty in Europe. We also consider the possibility
of eliminating energy poverty based on a comparison of energy poverty indicators and the
implementation of environmental governance in selected European countries. It is of value
to consider the reasons for energy poverty in developed countries versus highly industri-
alised ones: assessing awareness of climate risks, promoting sustainable development and
renewable energy, and seeking to identify the causes of energy poverty, as well as potential
solutions for the elimination of this phenomenon over time.

The discussion is guided by certain research questions that were chosen for their
relevance to the selected European countries, including: (1) Are high energy poverty rates
related to household income, expenditure on electricity, heating/cooling, or lighting of
households? (2) What relationships exist between the magnitude of energy poverty indica-
tors and sustainable development, in terms of environmental governance in the countries
studied (using an indicator for renewable energy sources)? (3) Are there differences in the
situation between European countries, and, if so, why?

The study report is structured as follows: Section 1: Introduction, Section 2: Materials
and Methods, Section 3: Literature Review, Section 4: Results (numerical and statistical
analysis), Section 5: Discussion and Limitations, and Section 6: Conclusions.

2. Materials and Methods

The study approach was based on different research methodologies. Based on scientific
sources [7], as well as related documents and reports [8], a systematic and critical analysis
of the literature was performed, with the objective of synthesizing guidelines and defining
phenomena and processes. The literature analysis provided an understanding of the social
and economic phenomena related to energy poverty. On this basis, available knowledge
was organised and application of selected indicators allowed for comparative analysis,
drawing of inferences, and the formulation of recommendations. The contribution to the
development of science is the connection, hitherto unexplored, between indicators of energy
poverty and sustainable environmental policies, enabling identification of relationships in
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the European countries studied. This type of analysis makes it possible to suggest ways of
implementing pro-environmental climate policy which can mitigate energy poverty and
take into account potential future changes associated with new sources of energy supply in
European countries. The originality and added value of the research are that it goes beyond
a single country and examines not just countries of the European Union, which provides a
more comprehensive analysis. Various countries were considered in terms of geographic
location, including those where energy poverty does not imply that there no possibility of
heating rooms, for example, where cooling rooms in the summer is instead problematic. In
addition, the economic and political circumstances of selected countries was considered.
The article provides a synthesis of evidence and recommendations for further action
regarding the implementation of sustainable climate policy and the simultaneous reduction
of the scope and level of energy poverty. This was based on statistical data and the use of
selected indicators on energy poverty and environmental governance. Quantitative and
qualitative analyses were carried out using descriptive and mathematical statistics [9,10].
The choice of measurement methods for energy poverty depends on many factors, such as
the level of measurement (e.g., national, regional, or European), as well as the availability
or comparability of data. In order to investigate the research questions, statistical data from
public statistical databases was used.

The research methodology to establish the empirical database involved desktop re-
search that comprised a document and database review of available statistics from interna-
tional sources. The first component of the methodology was a review of academic articles,
reports, and legal acts. The second element was statistical analysis, based on the collection
of quantitative data. The data for the survey were taken from the Eurostat database, the
World Bank database, and the World Health Organization database. The time frame for the
research covered 2011-2019 for 35 European economies, 27 of which were members of the
European Union; the remainder included Albania, Iceland, Kosovo, Norway, the United
Kingdom, Montenegro, North Macedonia, Switzerland, Serbia, and the Ukraine. Such an
approach to the research problem, covering up to 37 European countries, allowed for a
broader spectrum of research on energy poverty, covering almost the entire population
of Europe.

Using available public statistics, a comparative analysis of the countries studied in
the period under review was performed in terms of selected characteristics affecting fuel
poverty. The following characteristics were compared across countries and time: percentage
of households using clean fuel for cooking; inability to keep the home adequately warm;
average electricity prices per household; electricity, gas, and other fuel expenditure of
households; arrears on utility bills; and the share of renewable energy in final gross
energy consumption.

In order to answer the research questions posed, regression and correlation analyses
were performed. At the first stage, using correlograms, it was verified if there was no
curvilinear relationship between the examined variables. Points of researched features
were concentrated along straight lines, therefore the assumption of linearity of relation-
ships was made. Ordinary linear regression is the most frequently used technique for
estimating energy poverty factors, and therefore was used in this paper. Not all explana-
tory variables of energy poverty were available or accurately measured by the available
statistical methods. Therefore, several variables were selected. For each of the analysed
countries, the impacts of selected independent variables were examined, including: GDP
per capita (i.e., the economic dimension of sustainable development); share of renewable
energy in gross final energy consumption (i.e., the environmental dimension of sustainable
development); electricity, gas, and other fuel expenditure of households; and the energy
poverty rate, represented by the inability to keep a home adequately warm. In order to
assess the correlations between the dependent variables and the independent variables,
the Pearson correlation was used.

_covxy) _
I'xy = Sx Sy I'xy € [ 1, 1] 1)
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where:
cov (x, y)—covariance between the x and y features
Sx, Sy—standard deviations of x and y features.
The correlations obtained between variables included:
— GDP per capita and household spending on electricity, gas, and other fuels;
—  GDP per capita and the share of renewable energy in gross energy consumption;

— Household expenditure on electricity, gas, and other fuels and the share of renewable
energy in gross energy consumption.

Figure 1 presents framework of correlation between variables.

GDP per capita
] \
PN
N\
LN
\\
\\
Inability to keep Electricity, gas and other
home adequately N fuel expenditure of
warm households

Share of renewable
energy in gross final

energy consumption

Figure 1. Framework of correlations between variables. Source: own prepared.

To verify the relationship between the studied variables, statistical hypotheses and
alternative hypotheses were posed to determine if the null hypotheses could be rejected at
the alpha level of significance (alpha = 0.05). The null hypothesis tested was:

Hypothesis 0 (HO0). Pearson’s correlation coefficient = 0.

Equivalent to no relationship between the analysed variables, against the alternative
hypothesis:

Hypothesis 1 (H1). Pearson’s correlation coefficient # 0.

Which states that there is a relationship between the variables under study.

Then their statistical significance was confirmed using the Student’s t-test at the
significance level = 0.05.

Microsoft Excel and Statistica 13.1 (TIBCO Software Inc., Palo Alto, CA, USA) were
used to prepare basic statistics and to conduct the correlational analyses.
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3. Literature Review
3.1. Sustainable Economic Development: An Indicator-Based Approach

The principles of sustainable development are an approach to economic development
that encompasses environmental, social, and economic aspects. The aim is to maintain
balance in these areas, ensuring that, at the current level of civilisation, sustainable develop-
ment is possible, i.e., development in which the needs of the present generation can be met
without reducing the chances of future generations to satisfy theirs [11]. To facilitate data
comparability, indicators of sustainable development have been created as information and
diagnostic tools that facilitate the evaluation and management of social, economic, and
environmental spheres at local, regional, national, community, and global levels.

Ways of measuring sustainable development are widely described in the litera-
ture [12,13]. When analysing and comparing the implementation of sustainable devel-
opment in the European Union, a set of indicators was used in 10 areas that reflect the
challenges of the EU sustainable development strategy. In the context of the discussion and
research presented in this article, the most important are those related to climate change
and energy. The indicators are arranged hierarchically, covering headline targets and
operational targets, with further subdivision into those relating to actions in a particular
context. Another approach divides indicators by governance. Thus, within environmental
governance, there are thematic areas (e.g., climate change, energy, air protection, marine
ecosystems, freshwater resources, land use, biodiversity, and waste management), within
which indicators are distinguished. In this respect, four relating to energy are of interest in
the context of the current study [14]:

(1) Energy from renewable sources in gross final energy consumption;
(2) Biofuels in transport fuel consumption;

(3) Energy self-sufficiency;

(4) Fixed capital formation in nonconventional energy sources.

Indicator (1) was used in the context of empirical research and answering questions.
Using the determinants contained in the Agenda for Sustainable Development [15], goal 1,
on social exclusion, and goal 7, whose essence is to ensure access to affordable, reliable,
and modern energy services, and the indicators that describe them, can serve as a basis for
a comparative analysis of energy poverty and sustainable development. The essence and
goal of SDG 7 are to eradicate energy poverty. The measurement system is extremely broad
and includes various components. Figure 2 indicates the 17 sustainable development goals.

To simplify the study, indicators with a high degree of generality have been selected,
but they can be readily linked to energy poverty indicators. The set of indicators is not
exhaustive; there are additional indicators published in environmental reports.
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Sustainable development
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. Good health and well-being
. Quality education

. Clean water and sanitation

. Affordable and clean energy
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1
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3
-+
5. Gender equality
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7
8. Decent work and economic growth
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. Industry, innovation and infrastructure

10. Reduced inequalities

11. Sustainable cities and communities

12. Responsible consumption and production
13. Climate action

14. Life below water

15. Life and land

16. Pease, justice and strong institutions

17. Partnerships for the goals

Figure 2. Sustainable development goals. Source: [16].

3.2. Energy Poverty—Definition, Measurement, and Indicators

Energy poverty is a multidimensional concept defined in different ways. The literature
indicates that it occurs when, for example, the energy costs incurred to maintain satisfactory
heating conditions are greater than 10% of income [17]. This threshold has been used in
many scientific studies [18-21]. In definitions of energy poverty, much attention is devoted
to maintaining a minimum specified temperature [22,23]. The inhabitants of households in
which there are difficulties in meeting various types of energy needs are considered energy
poor. This includes not only problems with access to electricity, but also heating and hot
water. From another perspective, energy poverty can be understood as the inability of a
household to provide the required level of energy services at home [24]. However, it is
not just the provision of adequate heat or the cost of maintaining heating conditions that
define fuel poverty. Low income and high costs (presented as an indicator, LIHC) can
be considered [25]. Energy purchase costs can also be considered. In another approach,
dependencies can be compared and identified in the context of the use of smart technologies
and the use of different charging schemes for energy use [26]. Energy poverty also includes
issues related to the socioeconomic status of the inhabitants [27]. It can also be understood
as a lack of sufficient choices for appropriate, low-cost, reliable, high-quality, safe, and
environmentally friendly energy services [28-30]. Energy poverty means that households
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cannot afford to buy enough energy to meet their domestic needs [31]. Recent perspectives
on the forces driving energy poverty have introduced to the definition a wider range of
dimensions, interpreting energy poverty as a systemic challenge connected to broader
socio-technical and governance infrastructures [32]. Energy poverty can also be defined
based on the physical availability of energy services or on a hybrid of the availability of
energy supply and problems in paying for it [33].

The causes of energy poverty, as well as the consequences, are many. The most
common identified in the literature include technical causes, economic causes, and causes
related to attitudes towards the efficient and proper use of energy [30]. However, fuel
poverty is a situation of material deprivation that goes beyond income poverty [34].

Most often several indicators are used to measure energy poverty, as one indicator is
insufficient to capture the whole of the problem. A set of indicators should be used to assess
energy poverty as each can reflect a different aspect of the phenomenon. The measurement
can be based on both objective and subjective measures [35]. Their interpretation should
be carried out jointly. Approaches to measuring fuel poverty can be divided into two; it is,
for example, often suggested in the literature that measurement can be performed based
either on an expenditure or a consensual approach [36]. However, the exact definition of
fuel poverty depends on the measurement technique [37]. The datasets and indicators of
energy poverty are based on analyses available from the Eurostat EU-SILC databases [38].
Dynamic models that consider differences in temperature over time and space, and energy
prices are used to measure energy poverty [39]. Issues and indicators based on household
expenditure are explored much less often. In a macro-economic context, these include
energy consumption in the residential sector. Consideration of energy poverty should not
be considered only in a monetary context [40]. Hills [41] suggested that households are
considered energy-poor if their energy costs are above the median cost for all households
and, if they stay at that level, the remainder of their income would take them below the
official poverty line [42]. In addition to these direct causes, structural determinants can
be identified, which can be understood in terms of governmental, political, and social
aspects, among others, that have the potential to affect health and equity related to the EP
without being the main target of policies in these sectors [43]. Measurement can be based
on expenditure, temperature, outcome, etc. [36].

Energy poverty can be broken down into five basic dimensions (Table 1). The literature
on energy poverty is extremely rich. It very often points to three basic determinants of
this phenomenon: low household income, low energy efficiency of the dwelling and home
appliances, and high energy prices.

One of the most widely used measurement systems for energy poverty is the op-
erationalisation of the EU Energy Poverty Observatory (EPOV) data. In this respect,
subprimary and secondary indicators can be used. Primary indicators are related to limita-
tions in access to energy services and household income and/or expenditure on energy.
Secondary indicators are relevant to the nature and understanding of the problem but do
not directly relate to the indicators of fuel poverty itself. They will include energy prices
and housing data. A list of indicators and their brief characteristics can be found in Table 2.

Measuring energy poverty can be complex [47], based on multiple socioeconomic
factors [48], or by examining the structural possibility of energy poverty [43]. Analysis of
the literature indicates that research on the study of fuel poverty is dominated by static
analyses that do not allow for a forward-looking view of developments [37]. Therefore,
it is important to undertake research linking areas to draw conclusions and indicate further
directions for research and decision-making in economic development and sectoral policies
(including climate and economic policies). This involves linking energy poverty indicators
with balanced development.
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Table 1. Main indicators and areas of energy poverty descriptions.

Abbreviation Acronym Indicator Energy Poverty for Households
Household is energy-poor if its available income after accounting for
energy costs is lower than a certain threshold. The household has high
required energy costs (above the national median level) and low
LIHC LIHC Low income, high cost income. The required energy cost is the expelrndlture neefieFl to meet
the energy needs given the household’s characteristics.
The low-income threshold is below the 30th percentile of equivalent
income and is below the individual income
threshold, which takes into account the housing situation.
The household is energy-poor if its share of income spent on energy is
. A high share of income above a certain threshold. The household spends a high share of its
High actual cost 2M . . . .
spent on energy income on actual energy costs (more than twice the national median
level, 2M").
Bills difficulties Bills Inikt)lllllltt}}: lt)(i)llps ay Household members have trouble paying their utility bills on time.
. Presence of leaks, Household members live in a dwelling with a leaking roof; damp walls,
Housing faults Leaks Lo . .
damp, or rot floors, or foundations; or rot in the window frames or floors.
Not warm Warm Inability to keep the Household members report that the dwelling is not warm enough in
enough home adequately warm the winter.
Source: own elaborations based on [44-46].
Table 2. Energy poverty (EPOV) indicators.
Indicator Measurement

Primary Indicators

Arrears on utility bills
Low absolute energy expenditure (M/2)

High share of energy expenditure in
income (2M)
Inability to keep home
adequately warm

Share of (sub)population having arrears on utility bills
Share of households whose absolute energy expenditure is below half the
national median.
The 2M indicator presents the proportion of households whose share of energy
expenditure in income is more than twice the national median share.

Share of (sub)population not able to keep their home adequately warm.

Secondary Indicators

Fuel oil prices
Biomass prices
Coal prices

Household electricity prices
District heating prices
Household gas prices

Dwelling comfortably cool
during summertime
Number of rooms per person, owners
Dwelling comfortably warm
during wintertime
Number of rooms per person, renters
Dwellings in densely populated areas
Number of rooms per person, total
Dwellings in intermediately
populated areas
Poverty risk
Dwellings with energy label A

Average household prices per kWh generated from fuel oil
Average household prices per kWh generated from biomass
Average household prices per kWh generated from coal
Electricity prices for household consumers, band DC 2500-5000 kWh/year
consumption, all taxes and levies included
Average household prices per kWh from district heating
Natural gas prices for household consumers, band 20-200 GJ consumption, all taxes and
levies included
Share of population, based on the question ‘Is the cooling system efficient enough to
keep the house cool?” and/or ‘Is the house sufficiently insulated against the heat?’
The average number of rooms per person in owned dwellings
Share of population, based on the questions “Is the heating system efficient enough to
keep the dwelling warm?” and “Is the dwelling sufficiently insulated against the cold?”
The average number of rooms per person in rented dwellings
Share of dwellings located in densely populated areas (at least 500 inhabitants/km?)
The average number of rooms per person in all dwellings
Share of dwellings located in intermediately populated areas (between 100 and
499 inhabitants/km?)
People at risk of poverty or social exclusion (% of the population)
Share of dwellings with an energy label A
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Table 2. Cont.

Indicator Measurement

Consumption expenditure for electricity, gas, and other fuels as a share of income for
income quintile 1

Consumption expenditure for electricity, gas, and other fuels as a share of income for
income quintile 2

Consumption expenditure for electricity, gas, and other fuels as a share of income for
income quintile 3

Consumption expenditure for electricity, gas, and other fuels as a share of income for
income quintile 4

Consumption expenditure for electricity, gas, and other fuels as a share of income for
income quintile 5

Energy expenses, income quintile 1
Energy expenses, income quintile 2
Energy expenses, income quintile 3
Energy expenses, income quintile 4

Energy expenses, income quintile 5

Equipped with air conditioning Share of the population living in a dwelling equipped with air conditioning facilities
Equipped with heating Share of the population living in a dwelling equipped with heating facilities
Excess winter mortality /deaths Share of excess winter mortality /deaths
Presence of leak, damp, rot Share of population with a leak, damp, or rot in their dwelling

Source: own elaboration based on [49].

In terms of research on fuel poverty, subjective indicators based on the opinions of
respondents are also used, as already mentioned. Biernat-Jarka et al. [30] indicate that
subjective measures were used in research by Gordon et al. [50], Healy and Clinch [51],
Healy et al. [52], Petrova et al. [53], and Thomson and Snell [54].

Due to the multidimensionality of fuel poverty, composite measures are increasingly
being used; these represent a compromise between the simplicity of one-dimensional
indicators and the need to take into account the multidimensionality of the fuel poverty
problem. They are an attempt to overcome the shortcomings and imperfections of one-
dimensional indicators, while at the same time providing a result that condenses the
information into single, easily interpretable values [55]. The characteristics of selected
multidimensional measures are included in Table 3.

Table 3. Multidimensional ways to measure fuel poverty—selected indicators.

Authors Description of the Indicator

Individual multidimensional
poverty measures
Aggregate multidimensional
poverty measures

Models and mathematical formulas serving as the basis for further
research on the multidimensionality of energy poverty and for
indicating possible solutions in the field of measurement

Bossert, W. etc. [56]

Multidimensional energy poverty index (MEPI), which considers
both the occurrence and intensity of energy poverty and is a new tool
supporting policy making in this area

Nussbaumer, P. Multidimensional energy
etc. [57] poverty index (MEPI)

Energy poverty index takes into account the EU-SILC population
Energy poverty index = (0.5 x% percentages of people who have reported (i) being unable to keep
inability + 0.25 x% arrears + 0.25  their homes adequately warm (Inability); (ii) having arrears in utility
x% Housing faults) x 100 bills (Arrears); and (iii) living in a home with a leaking roof, or the
presence of damp and rot (Housing faults)

Bouzarovski, S.
etc. [47]

Two objective indicators: “low income, high costs” and “high share of
energy expenditure in income’, as well as three subjective indicators:
“inability to keep the home adequately warm”, “presence of leaks,
damp, or rot”, and “difficulties paying utility bills” Households that
experience at least two forms of deprivation are

considered energy-poor.

Five dimensions of energy
Alkire, S. etc. [58] deprivation-based on
Household Budget Survey

Source: own elaboration based on [55].

The absence of access to affordable energy resources is undoubtedly a form of depriva-
tion, resulting in various forms of social injustices [29]. Another approach to measurement
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is presented by [59], pointing to ways of operationalizing the issue of energy poverty
measurement. Their presentation is shown in Figure 3.

Measurable
outcomes

Energy Vulnerability
factors

Choice and availability of
. A Access
energy carriers

Measurable drivers

Inadequate accessto
affordable energycarriers

Inability to adeguately heat
and cool the home
- Nonpayment and arrears
in energy bills

Household income
- Energy costs—actual and
theoretical
- Energy payment method

Rationing of Energy Services
- Low take-up of support
Lack of policy recognition Practices schemes;
- Unjust pricing a2nd taxation
schemes

Poor indoor air gquality —
humidity and mould

- Deterioration of built

fabric and worsened energy
performance

Affordability

Energy efficiency rating of
the built fabricand
equipment

Energy efficiency

Household type

Worsened physical

- Additional energy and mental health

needs

High rates of
e disconnect, especially
Tenure type Flexibil '
typ ty among particular
energy carriers

Figure 3. Arrangement of measurable drivers and outcomes by energy vulnerability factors. Source: [60].

In the view of Thomson et al. [59], three main measurement approaches can be identified:

e  Expenditure approach—examination of the energy costs faced by households against
absolute or relative thresholds providing a proxy for estimating the extent of domestic
energy deprivation;

e Consensual approach—based on self-reported assessments of indoor housing con-
ditions, and the ability to attain certain necessities relative to the society in which a
household resides;

e  Direct measurement—the level of energy services (such as heating) in the home is
compared to a set standard.

Analysing the literature and various scientific studies and statistics, there is no single
definition used to identify households in fuel poverty [60]. Various indicators are used for
this purpose, most often those relating to energy-related expenditure. Research on energy
poverty has great potential, especially currently, when the most developed EU countries
are also affected by this problem. Nowadays, energy poverty is not only the inability to
heat one’s home; in an era of ubiquitous technological devices, energy poverty can result
in exclusion and become a determinant of social inequality. Therefore, research on energy
exclusion needs to cover a broader spectrum of areas and issues. A standard approach and
standard measurement are not sufficient. The use of energy for communication, education,
and access to e-commerce not only contributes to fuel poverty but is also associated with
social exclusion, indicating another negative effect of this phenomenon. To this must be
added elements related to the measurement and impact of environmental factors, natural
factors, or weather conditions. The degree, state, and scope of poverty, in addition to
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the determinants already mentioned, will also be influenced by the state of housing in
individual countries. People living in detached houses and elderly people on low incomes
are more exposed to energy poverty, while energy losses in buildings that have not been
thermally renovated may also create susceptibility. These elements are important in terms
of considering, measuring, and addressing the causes and effects of energy poverty.

In conclusion, the measurement system is extremely complex, and energy poverty
cannot be assessed by simple correlations or indicators. A multidimensional approach is
needed. A further problem is the availability of data. However, while the measures offered
and presented are not perfect, they can provide the foundation for further research and can
be used for filling research gaps and assessing economic implications.

3.3. Energy Poverty Alleviation Orientations for Energy Policy Development

Today, energy policy is increasingly linked to the implementation of innovations to
decarbonise energy, make energy use less costly and resource-intensive, and meet sus-
tainability requirements. Energy poverty can result from various causes. These include
technical, economic, and social determinants. It can affect households directly and citizens
themselves, as well as the whole economy, contributing to social, economic, and health
problems. The transition to green energy can reduce the vulnerability of a country and
increase its resilience to energy poverty, thereby contributing to better development out-
comes. In the early stages of renewable energy deployment, it is not cost-competitive; only
in the long term can it contribute to development outcomes and sustainability utilisation.
In the short term it can contribute to higher cost burdens for consumers and thus worsen
sustainability outcomes [61].

4. Results

Analysing the data on access to electricity, in all European countries between 2011 and
2019, access was 100%. However, when looking at the data in more detail, it is important
to note that the share of people with access to clean cooking fuels is significantly lower in
some countries. Having access to electricity means that a household can use it for basic
purposes, such as lighting. However, it may not be able to pay for electricity for more
energy-intensive purposes, such as cooking. In this situation, the household uses cheaper
fuel, especially wood or coal, to cook. In most European countries, access to clean fuels for
cooking is 100%, while in Albania, Bosnia and Herzegovina, Montenegro, and the Ukraine
it is much less—46% to 95% of households use them. It should also be noted that access to
clean energy is much lower in rural areas in these countries (Figure 4).

100 924 3 98.9
80.7
80 - 71.7 87—9
67.4
63.4 62.2
60 1 163 Lo o " mtotal
40 - — urban
17.6
20 - — rural
0 -
Albania Bosniaand Montenegro Ukraine
Herzegovina

Figure 4. European countries with the lowest percentage of households using clean fuel for cooking
in 2019 (total, urban, and rural areas). Source: own preparation based on Eurostat and World Bank
database [1,62].

The problem of maintaining an adequate (comfortable) temperature in the home
significantly affects the level of energy poverty. When analysing the problem of inability
to maintain adequate heat at home, it should be noted that, firstly, this problem has been
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gradually decreasing between 2011 and 2019, and secondly, very large differences between
the studied countries are evident, especially between the countries of the so-called ‘old EU’,
the ‘new EU’, and non-associated countries. In 2019, the highest percentages of people in
the total population who were in a state of enforced inability to adequately heat their homes
were in Kosovo (40.2%), Albania (36.8%), North Macedonia (33.1%), Bulgaria (30.1%), and
Lithuania (26.7%). The least affected countries were Switzerland (0.3% of the population),
Norway (1%), and Austria (1.8%). The EU-27 average was 6.9%. Figure 5 presents findings
for the “inability to stay warm enough at home’ indicator in European countries for 2011,
2015, and 2019.

United Kingdom
Iceland

Kosovo
Albania
North Macedonia

Bulgaria

Lithuania
Cyprus
Portugal
Greece

Italy
Montenegro
Serbia
Romania
Latvia
Slovakia
Malta

Spain
Croatia
France
Hungary
Ireland
Poland
Belgium
Netherlands
Denmark
Czechia
Estonia
Germany
Luxembourg
Slovenia
Sweden
Finland
Austria

Norway

Switzerland

0 10 20 30 40

Figure 5. Inability to keep home adequately warm in European countries in 2011, 2015, 2019 %. (2019,
Iceland and UK there are no data; 2011, 2015, Kosovo, Albania no data; 2011, Serbia, Montenegro no
data). Source: own preparation based on the Eurostat database [62].



Energies 2021, 14, 7640

13 of 25

It is also interesting to look at how this has changed over time across states. Table 4
presents the changes in the percentage of people having trouble maintaining an adequate
temperature at home in 2019 compared to 2011.

Table 4. Change in the percentage of people who have problems maintaining an appropriate
temperature at home: 2019 compared to 2011 %.

Country (Old UE + Change Country (New UE + Change
Western Countries) 2019/2011 Non-Associated Countries) 2019/2011
Germany —51.92% Poland —69.12%
Belgium —45.07% Latvia —64.44%
Italy —37.64% Slovenia —57.41%
Austria —33.33% Czech Republic —56.25%
Portugal —29.48% Hungary —55.74%
Ireland —27.94% Malta —55.68%
Greece —3.76% Romania —40.38%
Finland 0.00% Bulgaria —34.99%
Sweden 0.00% Croatia —32.65%
France 3.33% Lithuania —26.24%
Spain 15.38% Cyprus —21.05%
UK ** 20.00% Estonia —16.67%
Denmark 21.74% Slovakia 81.40%
Netherlands 87.50% Serbia —0.34868
Luxembourg 166.67% Montenegro * 19.77%
Switzerland —57.14% North Macedonia 23.97%
Iceland ** —30.00% Albania
Norway —16.67% Kosovo .

* due to lack of data, comparing 2019 to 2015. ** due to lack of data, comparing 2018 to 2011. Source: Authors
calculations.

Analysing the changes in the problem of maintaining an adequate home temperature,
differences are observed between the so-called old EU countries, the new EU countries,
and non-EU countries. In 2019 compared to 2011, the percentage of people with this
problem decreased more in the so-called new EU countries compared to the so-called old
EU countries. This could mean that the common energy policy contributed to member
countries gaining more.

An important factor affecting the level of energy poverty is electricity prices. Their
levels in 2019 are presented in Table 5.

An analysis of the data presented in Table 6 provided some interesting findings.
In 2019, the lowest electricity prices were in countries characterized by the highest per-
centage of people affected by the problem of not being able to maintain adequate heat
at home, as well as having difficulty accessing clean energy for cooking. Therefore, to
better illustrate the factors influencing the problem of energy poverty, in addition to the
price, attention was also paid to the share of household expenditure on electricity, gas,
and other fuels (Figure 6). A household is said to be energy-poor if it spends more than
10% of its income on fuel to keep warm. Therefore, the share of household expenditure
spent on energy is another important indicator that has been highlighted in the study of

energy poverty.
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Table 5. Average electricity prices for household consumers in 2019 (in EUR per kWh, without taxes).

Country Price Country Price Country Price
Ukraine 0.0406 Romania 0.1025 Norway 0.1264
Kosovo 0.0528 Estonia 0.1027 Spain 0.1287
Serbia 0.0551 Croatia 0.103 Sweden 0.1316
MNorth : 0.0669 Denmark 0.1042 Germany 0.1321
acedonia
BIH 0.0728 Iceland 0.1132 Luxembourg 0.1325
Albania 0.0778 Latvia 0.1144 Austria 0.1349
Bulgaria 0.0798 Slovenia 0.1146 Netherlands 0.1359
Montenegro 0.0847 Greece 0.1189 Italy 0.1427
Hungary 0.0864 Finland 0.1201 UK 0.1512
Poland 0.0867 Portugal 0.1204 Cyprus 0.1576
Lithuania 0.0947 Malta 0.1227 Liechtenstein 0.1765
Slovakia 0.0969 Czechia 0.1255 Belgium 0.1954
Moldova 0.1019 France 0.126 Ireland 0.2130

Source: own preparation based on the Eurostat database [62].

Norway
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Serbia
Czechia
Bosnia and Herzegovina
Sweden
Bulgaria
North Macedonia
Slovenia
Latvia
Croatia
Belgium
Denmark
Finland
France
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Romania
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Netherlands
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Malta
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Figure 6. Electricity, gas, and other fuel expenditure of households in European countries in 2011,
2015, 2019 (in %). (2019, Norway there are no data; 2011, 2015, 2019, Kosovo, Albania, Montenegro
there are no data). Source: own preparation based on Eurostat database [62].
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The highest share of expenditure on electricity, gas, and other fuels in total consump-
tion expenditure is in Slovakia (8.5%), Poland (7.6%), and Serbia (6.9%). The least burdened
in this respect are Malta (2%), Iceland (2%), and Luxembourg (2.4%). It should also be noted
that, unfortunately, there are no data available on this issue for countries such as Kosovo,
Albania, and Montenegro. However, it can be assumed that since there are problems with
heating the home or access to clean energy for cooking, spending on these categories of
goods can be quite a burden on household budgets in these countries.

High energy costs and/or low household incomes often force people in fuel poverty
to default on their utility bills. It is therefore important to indicate the percentage of people
in the total population who are in arrears with utility bills.

Table 6. Percentage of persons from the total population who are in arrears on utility bills in 2019 in
European countries.

Country Y% Country % Country %
Netherlands 1.5 Switzerland 4.5 Cyprus 10.4
Czechia 1.8 UK 5 Slovenia 11.2
Germany 2.2 France 5.6 Romania 13.7
Sweden 2.3 Poland 5.8 Croatia 14.8
Luxembourg 2.4 Spain 6.5 Serbia 25.8
Austria 24 Malta 6.5 Albania 26.5
Norway 32 Estonia 72 Turkey 26.6
Denmark 3.6 Lithuania 7.5 Bulgaria 27.6
Iceland 4 Finland 7.8 Greece 32.5
Belgium 41 Slovakia 8.4 Montenegro 329
Portugal 4.3 Latvia 8.7 North Macedonia 34.4

Italy 4.5 Ireland 8.9 Kosovo 49

Hungary 10.2

Source: own preparation based on Eurostat database [62].

In 2019, Kosovo, North Macedonia, and Montenegro—the countries with the highest
percentage of people affected by the problem of keeping their homes warm—also had the
highest percentage of people in arrears with utility payments. In contrast, in countries such
as the Netherlands, the Czech Republic, Germany, and Sweden, paying utility bills is a
problem for only a small percentage of the total population.

An important indicator, both from the perspective of energy poverty and sustainable
development, is the share of renewable energy in gross energy consumption. This indicator
measures the extent to which renewable energy has replaced fossil and/or nuclear fuels
and therefore contributes to the decarbonisation of economies. The share of renewable
energy in the final gross energy consumption is presented in Figure 7 and in Table 7.

The highest share of renewable energy in gross final energy consumption occurred
in Scandinavian countries: Iceland (78% in 2019), Norway (74%), and Sweden (56%).
By contrast, the lowest use of this energy was found in countries such as Luxembourg (7%),
Malta (8%), and the The Netherlands (8%).

It is of interest that in Albania and Kosovo, countries with a quite high percent-
age of households that had problems maintaining an adequate home temperature, the
share of renewable energy use (36.6% and 25.6%, respectively) was higher than the EU27
average (19.7%).

Analysing the changes between 2011 and 2019, in most of the countries belonging to
the so-called new EU, the increase in the share of renewable energy in total energy has been
slower than in most of the countries of the so-called old EU. This may be affected by the
different goals of the economic policies pursued by these countries. Moreover, households’
goals may also be different and not necessarily related to investment in this area.
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Figure 7. Share of renewable energy in final gross energy consumption in European countries in
2011, 2015, 2019 (in %). Source: own preparation based on Eurostat database [62].



Energies 2021, 14, 7640

17 of 25

Table 7. Change in the share of renewable energy in gross final energy consumption 2019 compared
to 2011 %.

Country (Old UE + Change Country (New UE + Change
Western Countries) 2019/2011 Non-Associated Countries 2019/2011

UK 180.87% Malta 358.81%
Luxembourg 146.74% Slovakia 63.26%
Cyprus 120.41% Czechia 48.41%
Netherlands 93.81% Lithuania 27.66%
Ireland 82.40% Estonia 25.81%
Greece 76.43% Portugal 24.43%
Denmark 59.06% Latvia 22.39%
France 58.54% Poland 17.48%
Belgium 58.15% Romania 14.65%
Bulgaria 52.37% Croatia 12.12%

Italy 41.15% Slovenia 4.96%
Germany 39.36% Hungary —9.72%
Spain 38.61% BiH 108.82%
Finland 31.89% Kosovo 45.96%
Sweden 17.15% Albania 17.57%
Norway 17.41% Serbia 12.16%

Iceland 8.07% North Macedonia 2.45%
Montenegro —8.06%

Switzerland no data available. Source: Authors calculations.

To answer in more detail the research questions posed in the paper, for most of the analysed
countries an analysis of relationships was conducted using the Statistica program, considering:

e  The level of inability to adequately heat the home (which is one of the indicators of
energy poverty) and the level of GDP per capita (RQ1);

e  The correlation between the level of inability to heat the home and the household
expenditure on electricity, gas, and other fuels (RQ1);

e  The correlation between household expenditure on electricity, gas, and other fuel and
the level of GDP (QR1);

e  The correlation between GDP per capita and the share of renewable energy in gross
energy consumption (RQ2);

e The correlation between the inability to heat the home and the share of renewable
energy in gross energy consumption (which is one of the indicators of sustainable
development, in terms of environmental governance) (RQ2);

e  The correlation between household expenditure on electricity, gas, and other fuels and
the share of renewable energy in gross energy consumption (RQ2).

Unfortunately, due to the absence or incompleteness of data for the countries most
vulnerable to energy poverty (Albania, Kosovo, Montenegro, and North Macedonia),
a dependency analysis could not be fully conducted in these countries. The results of the
analyses are presented in Table 8.

(RQ1) The results of the analysis carried out show that, in most of the countries
studied, there was a statistically significant, strong negative correlation between the level
of GDP per capita and the poverty rate (represented by the level of inability to maintain
adequate heat at home). The higher the income level of the population, the smaller this
problem became. Weak correlations in this regard occurred in Finland, France, Italy, The
Netherlands, Spain, the UK, and Estonia. By contrast, no relationship between these
characteristics was found in Denmark or Norway. In the country most exposed to energy
poverty, North Macedonia, there was no such relationship either, which is probably related
to the low (but growing) level of GDP per capita. This still translates into a low income
for the population and consequent difficulties in the payment of basic charges (leading to
arrears on utility bills), as shown in Table 7. North Macedonia is the country with one of
the highest percentages of people with this type of problem.
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Table 8. Correlation analysis.

Variable Mean St. Dev. Var.1 Var.2 Var.3 Var.4

Austria Var.1 33.11 0.701 1.000000 0.448180 —0.406419  —0.765819
Var.2 53,719.02 1130.371 0.448180 1.000000 —0.880358 —0.775614

Var.3 2.54 0.548 —0.406419  —0.880358 1.000000 0.800675

Var.4 3.87 0.292 —0.765819 —0.775614 0.800675 1.000000

Belgium Var.1 8.26 1.173 1.000000 0.940091 —0.862964 —0.759961
Var.2 49,543.96 1338.292 0.940091 1.000000 —0.779414  —0.734775

Var.3 5.53 0.947 —0.862964 —0.779414 1.000000 0.755346

Var.4 5.22 0.572 —0.759961 —0.734775 0.755346 1.000000

Denmark Var.1 30.62 4.708 1.000000 0.953404 0.119047 —0.974226
Var.2 53,603.43  2388.961 0.953404 1.000000 —0.072173  —0.958482

Var.3 2.92 0.489 0.119047 —0.072173 1.000000 0.074675

Var.4 5.72 0.703 —0.974226  —0.958482 0.074675 1.000000

Germany Var.1 27.85 2.368 1.000000 0.951391 —0.969505 —0.893504
Var.2 51,453.05 1586.315 0.951391 1.000000 —0.970632 —0.911358

Var.3 4.04 1.057 —0.969505 —0.970632 1.000000 0.906499

Var.4 441 0.379 —0.893504 —0.911358 0.906499 1.000000

Greece Var.1 15.78 2.4647 1.000000 —0.088318  —0.091306 0.141654
Var.2 28,746.41 840.5285 —0.088318 1.000000 —0.919990 —0.648848

Var.3 25.74 5.1294 —0.091306  —0.919990 1.000000 0.474966

Var.4 4.18 0.2108 0.141654 —0.648848 0.474966 1.000000

France Var.1 14.71 1.903 1.000000 0.827994 —0.419090  —0.094425
Var.2 43,800.71 1147.488 0.827994 1.000000 —0.375521  —0.318985

Var.3 5.68 0.606 —0.419090 —0.375521 1.000000 0.497100

Var.4 4.29 0.190 —0.094425  —0.318985 0.497100 1.000000

Finland Var.1 38.45 3.343 1.000000 0.485617 0.364521 —0.409562
Var.2 46,528.05 1360.644 0.485617 1.000000 0.633295 0.072400

Var.3 1.66 0.230 0.364521 0.633295 1.000000 —0.437998

Var.4 4.40 0.112 —0.409562 0.072400 —0.437998 1.000000

Luxemburg Var.1s 5.2 1.999 1.000000 0.869695 0.761947 —0.806236
Var.2 110,138.8  3287.483 0.869695 1.000000 0.775171 —0.940717

Var.3 1.4 0.675 0.761947 0.775171 1.000000 —0.687445

Var.4 2.7 0.302 —0.806236 —0.940717 —0.687445 1.000000
Ireland Var.1 9.03 1.83 1.000000 0.963581 —0.707009  —0.884507
Var.2 68,402.38 13730.34 0.963581 1.000000 —0.779755  —0.901820

Var.3 6.97 2.17 —0.707009 —0.779755 1.000000 0.918795

Var.4 3.80 0.53 —0.884507 —0.901820 0.918795 1.000000

Italy Var.1 16.81 1.705 1.000000 —0.328209 —0.573031 —0.523150
Var.2 41,326.94  1085.190 —0.328209 1.000000 —0.443815  —0.326900

Var.3 16.60 2.941 —0.573031  —0.443815 1.000000 0.843202

Var.4 3.70 0.332 —0.523150  —0.326900 0.843202 1.000000

Netherland Var.1 5.92 1.405 1.000000 0.944043 0.384217 —0.668676
Var.2 53,653.55 1862.520 0.944043 1.000000 0.136906 —0.781530

Var.3 2.49 0.446 0.384217 0.136906 1.000000 —0.016353

Var.4 3.49 0.362 —0.668676 —0.781530 —0.016353 1.000000

Portugal Var.1 28.58 2.758 1.000000 0.612593 —0.716282 —0.561154
Var.2 31,875.61 1744.269 0.612593 1.000000 —0.941661 —0.949609

Var.3 23.89 3.756 —0.716282  —0.941661 1.000000 0.925349

Var.4 3.38 0.315 —0.561154  —0.949609 0.925349 1.000000

Spain Var.1 16.24 1.681 1.000000 0.784627 0.241497 —0.656266
Var.2 37,83290  2036.478 0.784627 1.000000 —0.210046  —0.752576

Var.3 8.89 1.524 0.241497 —0.210046 1.000000 —0.072595

Var.4 347 0.173 —0.656266  —0.752576  —0.072595 1.000000

Sweden Var.1 52.47 2.548 1.000000 0.908306 0.355763 —0.465640
Var.2 50,451.25 1711.748 0.908306 1.000000 0.599164 —0.539882

Var.3 1.74 0.575 0.355763 0.599164 1.000000 —0.148719

Var.4 5.57 0.229 —0.465640 —0.539882  —0.148719 1.000000

UK Var.1 7.98 2.885 1.000000 0.986670 —0.669881 —0.855661
Var.2 44,510.13 1517.602 0.986670 1.000000 —0.607872  —0.877974

Var.3 7.24 1.851 —0.669881 —0.607872 1.000000 0.735644

Var.4 2.72 0.282 —0.855661 —0.877974 0.735644 1.000000
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Table 8. Cont.

Variable Mean St. Dev. Var.1 Var.2 Var.3 Var.4
Iceland Var.1 74.21 2.095 1.000000 0.697710 —0.689326 —0.681932
Var.2 52,592.12  3475.382 0.697710 1.000000 —0.794465 —0.976711
Var.3 143 0.339 —0.689326  —0.794465 1.000000 0.693418
Var.4 2.26 0.188 —0.681932 —0.976711 0.693418 1.000000
Norway Var.1 68.47 3.566 1.000000 0.956943 —0.014130  —0.089413
Var.2 62,928.16 1173.755 0.956943 1.000000 —0.083313  —0.126524
Var.3 0.83 0.212 —0.014130  —0.083313 1.000000 0.913143
Var.4 3.58 0.353 —0.089413  —0.126524 0.913143 1.000000
Switzerland Var.1 68,302.08 1695.683 - 1.000000 —0.271892 -
Var.2 - - - - - -
Var.3 0.52 0.148 - —0.271892 1.000000 -
Var.4 - - - - - -
Bulgaria Var.1 17.54 29.347 1.000000 —0.958628 0.953977 0.999436
Var.2 1744153  6292.492 —0.958628 1.000000 —0.997112 —0.966873
Var.3 45.79 20.120 0.953977 —0.997112 1.000000 0.961745
Var.4 14.81 30.288 0.999436 —0.966873 0.961745 1.000000
Czechia Var.1 8.2611 1.173003 1.000000 0.988279 —0.923096 —0.896258
Var.2 106.0000 2.738613 0.988279 1.000000 —0.957501 —0.941204
Var.3 4.7556 1.663664 —0.923096 —0.957501 1.000000 0.925814
Var.4 7.7111 0.902004 —0.896258 —0.941204 0.925814 1.000000
Cyprus Var.1 9.89 2.623 1.000000 0.613993 —0.796003 —0.642159
Var.2 36,531.00  2539.671 0.613993 1.000000 —0.848893 —0.329384
Var.3 25.97 3.615 —0.796003 —0.848893 1.000000 0.711218
Var.4 3.23 0.577 —0.642159  —0.329384 0.711218 1.000000
Croatia Var.1 27.67 1.070 1.000000 0.317315 —0.254738 0.237731
Var.2 25,465.42 1892.841 0.317315 1.000000 —0.961969  —0.809405
Var.3 8.94 1.335 —0.254738  —0.961969 1.000000 0.778260
Var.4 5.31 0.203 0.237731 —0.809405 0.778260 1.000000
Hungary Var.1 14.21 1.217 1.000000 —0.854973 0.915524 0.710497
Var.2 27,802.13  2782.855 —0.854973 1.000000 —0.954069 —0.915686
Var.3 10.06 3.552 0.915524 —0.954069 1.000000 0.902365
Var.4 5.53 1.259 0.710497 —0.915686 0.902365 1.000000
Estonia Var.1 27.85 2.368 1.000000 0.958956 —0.362217  —0.910284
Var.2 31,856.68  2917.486 0.958956 1.000000 —0.347527  —0.862706
Var.3 2.69 0.717 —0.362217  —0.347527 1.000000 0.628778
Var.4 4.50 0.474 —0.910284 —0.862706 0.628778 1.000000
Latvia Var.1 37.73 2.273 1.000000 0.907828 —0.835574 —0.759510
Var.2 26,754.93  2740.726 0.907828 1.000000 —0.966007 —0.679901
Var.3 14.51 5.826 —0.835574 —0.966007 1.000000 0.658173
Var.4 5.24 0.602 —0.759510 —0.679901 0.658173 1.000000
Lithuania Var.1 2391 2.158 1.000000 0.813340 —0.721315 —0.885198
Var.2 31,185.58  3716.437 0.813340 1.000000 —0.753014 —0.973349
Var.3 29.99 3.285 —0.721315 —0.753014 1.000000 0.681757
Var.4 5.31 0.992 —0.885198 —0.973349 0.681757 1.000000
Malta Var.1 5.36 2.300 1.000000 0.986895 —0.811429 0.472958
Var.2 38,846.54  4173.063 0.986895 1.000000 —0.857213 0.419142
Var.3 14.26 7.402 —0.811429 —0.857213 1.000000 —0.297577
Var.4 413 5.958 0.472958 0.419142 —0.297577 1.000000
Poland Var.1 11.38 0.528 1.000000 0.597227 —0.709081 —0.512291
Var.2 28,258.81 2860.623 0.597227 1.000000 —0.938215 —0.949494
Var.3 8.57 3.464 —0.709081 —0.938215 1.000000 0.918916
Var.4 8.40 0.543 —0.512291  —0.949494 0.918916 1.000000
Romania Var.1 2391 1.222 1.000000 0.500090 —0.473355  —0.147069
Var.2 24,659.00  3234.040 0.500090 1.000000 —0.961092 —0.670833
Var.3 12.81 2.295 —0.473355  —0.961092 1.000000 0.583492
Var.4 3.93 0412 —0.147069  —0.670833 0.583492 1.000000
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Table 8. Cont.

Variable Mean St. Dev. Var.1 Var.2 Var.3 Var.4

Slovakia Var.1 11.98 2.053 1.000000 0761292 0804289  —0.527886
Var2 2864054 2096365 0761292 1000000  0.344012  —0.863674

Var3 5.46 1.076 0.804289 0344012 1.000000  —0.044711

Var4d 9.44 0707  —0527886 —0.863674 —0.044711  1.000000

Slovenia Var.1 22.00 0.722 1.000000  —0.359217  0.175540  0.022844
Var2 3484145 2410816 0359217  1.000000  —0.933973 —0.865702

Var3 4.66 1.248 0175540  —0.933973  1.000000  0.775669

Var4 5.89 0.595 0.022844  —0.865702  0.775669  1.000000

North Var.1 1831 1.161 1.000000  0.019741  —0.672407  0.562915

Macedonia

Var2 1497936 1066282 0019741 1000000  0.257983  —0.549083
Var3 26.34 2800  —0.672407 0257983 1000000  —0.375115

Vard 5.63 0.312 0562915 ~ —0.549083 —0.375115  1.000000

Serbia Var.1 21.01 1.074 1.000000  —0.004242 - 0.386609
Var2 1606235 1186077 ~ —0.004242  1.000000 - ~0.601421

Var3 - - - - - -

Var4 7.66 0.224 0.386609  —0.601421 - 1.000000
BiH Var.1 25.44 7.185 1.000000  0.902892 - —0.870812
Var2  12,787.65 1356126  0.902892  1.000000 - —0.945944

Var.3 - - - - - -
Var4d 6.34 0201  —0.870812 —0.945944 - 1.000000

- There is no data. Var.1: Share of renewable energy in gross final energy consumption (%). Var.2: GDP per capita,
PPP, international $. Var.3: Inability to keep home adequately warm (%). Var.4: Electricity, gas, and other fuel
expenditure of households in European countries in 2011, 2015, 2019 (%). The determined correlation coefficients
are significant with p < 0.05000. The strongest relationships are marked in bold. Source: Authors calculations.

(RQ1) In most of the countries analysed, there was a statistically significant positive
correlation between the share of household spending on electricity, gas, and other fuels and
the level of inability to heat the home. The greater the share of the budget accounted for by
energy expenditure, the greater the problem of maintaining an adequate temperature in the
place of residence. Weak correlations between these characteristics were found in Greece,
France, Sweden, Estonia, Latvia, and Romania. No relationship was found in Denmark,
the Netherlands, Spain, and Sweden.

(RQ1) There was a statistically significant negative relationship between the increase
in income, represented by GDP per capita, and household spending on electricity, gas,
and other fuels in most of the analysed countries. The share of these expenditures in total
consumer spending decreased with increasing wealth. The weakest relationship between
these characteristics was found in Greece, France, Italy, Sweden, Norway, Cyprus, North
Macedonia, and Serbia.

(RQ2) A statistically significant positive relationship was observed in most countries
between GDP per capita and the share of renewable energy in gross energy consumption,
one of the indicators of sustainable development, in terms of environmental governance,.
This means that as the wealth of a country increased, renewable energy was used more
and more. A slight dependence in this respect was observed in Austria, Finland, Portugal,
Cyprus, Croatia, Poland, and Romania. By contrast, almost no dependence was shown in
Greece, Italy, Slovenia, Northern Macedonia, and Serbia.

(RQ2) The results of the analysis show that, in most of the studied countries, there
was a statistically significant positive correlation between the increase in GDP per capita
and the use of renewable energy sources. Weak and moderate correlations were found for
Austria, Finland, Portugal, Cyprus, Croatia, Poland, and Romania. No correlation was
found in Greece, or North Macedonia, one of the countries most exposed to energy poverty;
it showed almost no correlation.

(RQ2) In about half of the countries analysed, there was also a somewhat negative
correlation between the degree of renewable energy use and the inability to maintain a
comfortable temperature in the home. The more the use of green energy increased, the
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more the degree of energy poverty, measured as the inability to heat the home, decreased.
Such a correlation was not observed in Greece, Norway, or Slovenia.

(QR2) Analysis of the correlation between household expenditure on electricity, gas,
and other fuels, and the share of renewable energy in gross energy consumption revealed a
quite strong negative relationship between these variables in half of the countries analysed.
By contrast, a moderate relationship was found in Finland, Italy, Portugal, Spain, Sweden,
Cyprus, Poland, and Slovakia. No correlation was found in Greece, France, Norway,
Romania, or Slovenia. On the other hand, in Serbia and North Macedonia, there was a
positive correlation in this regard.

5. Discussion and Limitations

Based on research, as well as analysis of the literature, energy poverty is closely related
to income poverty. Fuel poverty affects quality of life, while a lack of access to modern
energy sources contributes to an increase in the consumption of conventional energy, and
thus to carbon dioxide emissions and greater environmental pollution. Fuel poverty is
exacerbated by job loss and falling wages. This is particularly evident among people and
households with the lowest and average incomes. The need to use heating appliances, and
the increasing number of domestic appliances that use energy to power the home, increase
bills, although an increasing number of these appliances, if they are of the new generation
of designs, have a lower energy demand. The size and surface area of a dwelling and its
energy efficiency have important effects on fuel poverty.

The consequences of fuel poverty are directly related to health. However, they are
also linked to other areas, including social exclusion, poor well-being, and lower chances
for educational achievement [63]. Solving the problem of energy poverty, or at least re-
ducing it, would contribute, to a large extent, to reduced medical expenses for citizens,
a better quality of life, and/or increased economic activity [30]. The size and number of
energy-excluded households, or those classified as energy-poor, have many causes and
are influenced by many, varied factors. The inability to maintain adequate levels of heat
results in health problems for families living in poorly heated flats or houses. In addition,
low air temperatures also negatively affect housing conditions, which only get worse from
season to season. Situations related to the lack of funds for payments create a kind of
loop, constantly worsening the situation of households. In general, the socioeconomic
consequences of energy poverty relate to economic development in both the short and long
term, reducing productivity in the agricultural sector, preventing socioeconomic progress,
or negatively affecting the education of children and young people [36]. Lack of funds for
energy charges, or the lack of funds for necessary repairs caused by energy poverty—this
situation, unfortunately, often loops from year to year—causes more problems. Energy
poverty can be influenced by household characteristics, socioeconomic factors, and envi-
ronmental factors (including climatic conditions and climate change). This means that a
holistic approach is required to seek solutions to minimise energy poverty, considering all
the characteristics and factors identified. Indicators of the statistical incidence of energy
poverty in individual member states do not reflect the regulatory and policy commitments
of national energy and climate plans [32]. This is also apparent in the results of the studies
carried out.

Poverty can be understood both in the microeconomic context (e.g., households),
as well as in the macroeconomic context, relating to the whole economy and its implications
concerning, inter alia, the use of renewable energy, the construction of support systems for
modern solutions, and, consequently, environmental protection and the achievement of
sustainable development goals.

The limitation of the study is that it adopts a very general approach to the problem.
Many cases of spatial inequalities within national economies have already been described
in the literature and the study was limited to one selected indicator. The article does not
deal with many aspects that will be subject to further scientific exploration. The research
was limited to environmental aspects of sustainable development and aspects related to
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macroeconomic factors. Social and economic aspects were not considered, as well as trends,
or the impact of factors such as the use of technology in households to meet needs, such
as those for education, food, or even medicine. These aspects have become particularly
important during the COVID-19 pandemic. A further limitation of the study is omission
of the energy efficiency of buildings, which can have a very high impact on heat loss and
contribute to fuel poverty.

The results of the research are interesting. There is a clear correlation indicating that
relatively poorer countries with higher levels of energy poverty are closing the gap faster
over the years.

6. Conclusions

Reducing energy poverty can have a positive impact on the environment; lack of
access to energy resources, such as electricity and LPG, obstructs growth and develop-
ment and will have a huge impact on the environment. Access to affordable and clean
energy resources is crucial for the eradication of poverty and the promotion of overall
wellbeing [64].

e In a territorial context, Eastern and Southern European countries were more vul-
nerable to energy poverty. There were high levels of overall income poverty, in-
efficient housing, inadequate infrastructure development, and various governance
challenges [32,65,66], but these countries are rapidly reducing the proportion of house-
holds defined as and affected by energy poverty. These measures should therefore
be linked to increased use of renewable, environmentally friendly energy. The cre-
ation of policies and documents and the implementation of tools that contribute to
reducing energy poverty are becoming incentives for practical action in this area.
Energy poverty is related not only to economic but also to non-economic factors. The
cost of energy is forecast to rise, which means that, if not addressed, fuel poverty is
likely to increase. Using appropriate measurement techniques and best practice, it is
possible to counteract negative phenomena, assisting people, regions, or sectors that
are vulnerable to the climate change associated with the transition to a low-carbon
economy. Eradicating energy poverty is only possible if a long-term, energy-efficiency-
oriented policy on the use of renewable energy in households is introduced [34]. It is
not only access to resources and energy that is important, but also its efficient use,
and policies that contribute to increasing the quality of life and creating an energy
poverty alleviation effect. Directions of environmental policy development must be
correlated with economic development and global trends. Despite a high level of
economic development, European countries are struggling with the problem of energy
poverty. There are many reasons for this. As studies and statistics show, more and
more households are affected by this problem, so it is necessary to take measures to
prevent it. Our analysis and correlations, using data from 37 European economies,
show that the use of modern, renewable energy had a positive impact on several of the
components of fuel poverty, such as inability to heat the home. On the other hand, this
energy is not cheap and a very significant role in its promotion and implementation is
played by the state with its management tools and instruments. The contribution and
novelty of the discussion provided is also the broad comparative analysis, not limited
to just one economy or group of politically and economically connected countries,
but a holistic approach showing the problems and determinants of their emergence
across Europe. Another element is that it also links (by showing a perspective in
terms of comparisons over several years) how the situation has changed in individual
countries and whether, for the countries that have joined and are currently operating
within the EU structures, this fact has been relevant in terms of changes in energy
poverty. This article fills an existing gap in the field. Firstly, although there is a vast
literature on energy poverty, there is no comparative study conducted on such a large
research sample (37 countries). In addition, econometric methods have been used for
this purpose and the economic aspect has been addressed by analysing the situation in
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different countries in the context of political-economic links. There are many studies
in this field, but few that deal with such a broad spectrum of countries.

e  Appropriate changes in the implementation of energy and climate policy, increasing
the use of renewable energy through appropriate government actions, and regulations
allowing for a transition to cleaner sources of energy not only help in the fight against
climate change but also lead to the alleviation of energy poverty and its scale. This
means that, for example, by using new technologies, implementing the energy trans-
formation, and/or using modern financial tools based on ESG criteria, contributions to
reducing the problem can be made. It is, therefore, necessary to take several different
actions that, in the long term, will contribute to eradicating energy poverty and achiev-
ing UN Sustainable Development Goal 7, which seeks to ensure access to affordable,
reliable, and modern energy for all by 2030. This means that, at the same time, energy
poverty must be reduced through metering, and sustainable development goals must
be met. This is possible with understanding and strong public support of the sustain-
ability goals, but also with the availability of modern energy. Actions need to be joint,
pursuing common goals. Studies have clearly shown which countries in Europe have
large or moderate problems with this phenomenon. The countries with low levels of
energy poverty should therefore serve as good examples. Their experience, solutions,
and methods of implementation should be used by countries with a smaller income
that have not fully implemented programmes for the use of energy from renewable
sources. A common path to eliminating the negative phenomena associated with
energy poverty can fit perfectly into the realm of sustainable development for the
whole of Europe. Countries in a weaker economic position should have access to tools,
programmes, and policies to tackle energy poverty while implementing modern tools
that contribute to social, economic, and environmental development.
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