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Abstract: The author intended to present the relationship between the standard of living of EU
citizens and the level of the development of renewable energy. It is particularly important in the
context of the implementation of the sustainable development idea, by ensuring a high standard of
living for both current and future generations, with rational use of available natural resources. The
first, theoretical part of the article presents the problem related to the impact of renewable energy on
the standard of living in a synthetic way. The second part involves empirical research conducted in all
countries of the EU. To evaluate the level of renewable energy development and the standard of living,
the author constructed original measures based on the TOPSIS method. Variables were selected on
the basis of substantive, statistical and formal criteria (primarily the completeness and availability of
data in 2019). Within the framework of the conducted study, the author obtained, among other things,
a relatively high value of Spearman’s rank correlation coefficient between the constructed synthetic
measures (0.47). Canonical analysis was used to identify the relationship between them. Numerous
indicators, including canonical correlations, complete redundancy and extracted variances, were
determined with the use of canonical analysis. Seven statistically significant canonical variables were
identified. The value of the greatest and most statistically significant canonical correlation exceeded
0.94, and for the last statistically significant canonical variable, the value reached over 0.31. Statistical
data were primarily obtained from the publicly available EUROSTAT database.

Keywords: standard of living; renewable energy; linear ordering; canonical analysis; sustain-
able development

1. Introduction

It is hard to disagree that energy, regardless of its form, constitutes the basis of any
economic activity. Availability of energy is currently the basis of human existence and
society will become more and more dependent on energy sources, mostly since all kinds of
everyday devices are powered with electricity. The development of electricity (the increase
in uninterrupted energy supply) has played a special role in health care, decreasing infant
mortality, development of agricultural production and industry, thus affecting the standard
of living of the population. Electric energy will remain an important determinant of an
adequate standard of living and the importance of energy security in each country (broadly
understood as the ability to satisfy the demand for energy in terms of quantity and quality,
at the lowest price possible and maintaining environmental protection) will grow. Due to
these demands, new sources of energy are needed. The demand for energy increasing along
with civilizational progress [1], as well as the simultaneous depletion of discovered and
accessible conventional energy sources (mainly fossil fuels) and progressive degradation
of the environment, makes renewable energy sources (the so-called “green energy”) the
desired direction for energy generation. As a result, renewable energy sources (the so-called
“green energy”) has become desired methods of energy production. Various solutions,
adapted to regional and local conditions, are adopted for this purpose. Energy is obtained
with the use of the wind, the sun, tides and ocean currents, river drops, or energy obtained
from biomass (most often hay from crop cultivation and firewood). Landfill biogas and
biogas obtained from sewage disposal processes or decomposition of components of plant
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or animal remains are also listed among such sources. The increase in the importance
of such energy sources stems from, among other things, their positive impact on the
environment or increasing of energy security (apart from the effective way of storing the
produced energy). It is particularly important in the context of the implementation of
the sustainable development idea, by ensuring a high standard of living for both current
and future generations, with rational use of available natural resources. For this reason,
increasing the share of energy obtained from renewable sources in energy balances of
different countries constitutes an important aspect of the adopted sustainable development
strategy. At this point, it must also be noted that a sort of coexistence of renewable energy
sources and modern ways of utilising conventional energy sources (e.g., lignite) sometimes
occurs as well. An example is Germany, one of the leaders in the European Union [1] (and
in the world in general) in terms of lignite mining; at the same time, in the first quarter
of 2019, the share of renewable energy in the amount of electricity supplied in Germany
surpassed the share of electricity generated there using fossil fuels. [2].

Although the Europe 2020 Strategy is about to expire, this approach is in line with the
“TOWARDS A SUSTAINABLE EUROPE BY 2030” document, which envisions a European
Union-level transition to a low-carbon, climate-neutral, resource-efficient and biodiverse
economy [3]. In turn, according to the European Green Deal strategic programme es-
tablished by the European Commission, the goal is to make Europe a climate-neutral
continent by 2050. The most important initiatives included in the programme are achieving
global CO2 emissions neutrality, incorporating a wide range of renewable energy sources
into the energy system, establishing a circular economy and achieving zero emissions of
pollutants [4].

In the subject literature, the impact of renewable energy on the standard of living
was analysed in the context of energy poverty (by such scholars as C.W. Njiru and S.C.
Letem [5], E.M. Getie [6], or M.A. Hussein and W.L. Filho [7].

In the literature, the problem of the impact of renewable energy on the standard of
living has been analysed in the context of energy poverty. Less frequently renewable energy
is strictly treated as a livelihood enabler.

This article aims to determine the correlation between the level of renewable energy
development and the standard of living of EU citizens. An additional goal assumed
by the author was to popularize the relatively rarely used canonical analysis. The aim,
however, was not to scrupulously explain this calculation method in detail, but rather
demonstrate its usefulness. To create a measurement tool for the analysed phenomena,
the author used a multi-dimensional comparative analysis, which was a set of methods
of the construction of synthetic measurements and linear ordering of objects described
by a large number of variables (including the TOPSIS method). A correlation analysis
was conducted to determine the direction and the strength of the correlation between the
constructed, original synthetic measures of the standard of living and the level of “green
energy” development. On the other hand, the author used canonical analysis, one of the
advanced methods of multidimensional statistical analysis, to identify multidimensional
correlations between the standard of living and the level of renewable energy development.
The study involved 27 member states of the EU. Statistical data obtained from international
statistical institutions, mainly EUROSTAT [8], were used in the paper. The data concerned
the year 2019.

2. The Standard of Living and Renewable Energy—The Theoretical Aspect

The notion of the standard of living is commonly applied in everyday life while its
meaning varies, which results primarily from the fact that it constitutes the subject of
research in many scientific fields (including sociology, philosophy, economics, physiology,
or psychology). On the one hand, there is a broad interdisciplinary research perspective—
both problem-related and methodological—while on the other hand, there is a problem
of operationalisation of this research category. What is missing in the numerous and
constantly evolving literature on the subject is one commonly accepted definition.
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In 1954, the UN expert committee defined the standard of living of the inhabitants as
the entirety of their actual living conditions, as well as the level of material and cultural
satisfaction of needs through numerous goods and paid services, as well as those derived
from the social funds (quoted after [9]). This interpretation has become the basis for
many other definitions, formulated in the future. A. Luszniewicz (1982) defined the
standard of living as the degree to which material and cultural needs of households
are met (i.e., its security) through the streams of paid goods and services and funds for
collective consumption [10]. U. Grzega considered the standard of living to be “the degree
of satisfaction of human needs, resulting from the consumption of material goods and
services, as well as the use of the values of the natural and social environment” [11].
According to One Global Economy, the standard of living is, first and foremost, defined
by three categories [12]: income (changes in annual income, savings, employment and
career, entrepreneurship); education (finishing high school, university admission); health
(availability of the health care system, disease management programmes, preventive
medicine (including prenatal care, sanitation services, vaccinations).

The category if the standard of living is largely based on the theory of needs (see:
Table 1). If human needs are satisfied to a large extent, it means that the standard of living is
high. A need is defined as a perceived state of absence of something, while social needs are
needs whose fulfilment requires the existence and action of various social institutions for
the intended purposes. A characteristic feature of needs is their variability over time, which
is less related to basic needs (e.g., food, shelter) and more to the higher (luxurious) ones [13].
According to A. Chabior et al., a need is a state of a deficiency, absence, imbalance in the
qualities of the organism or environment that are important to a person. Therefore, a need
means a lack of something that motives one to initiate action aimed at compensating for
such lack and restoring the disturbed optimum in life [14]. According to K.W. Frieske and
P. Poławski needs are conditions that must be met to make people able to cooperate, take
autonomous decisions and in general participate in collective life [15]. In T. Tomaszewski’s
approach, the most detailed needs mentioned in the literature can be classified into three
categories: biological (or elementary) needs, social needs and cultural needs. Social or
elementary needs are understood as needs related to the structure of the human organism,
the satisfying of which is necessary to keep a given organism or species alive (the need
for food, water, oxygen). In turn, based on the fact that humans are in a certain sense
dependent on others, we can distinguish social needs (such as the need to be accepted
by others, the need to be loved or recognized). The third group of needs constitutes an
expression of human dependency on the creations of human culture and the operation
of social institutions. Such needs can be called cultural needs, which include products
of material culture (accommodation, radio, fridge, car) and creations of spiritual culture
(books, the cinema and the theatre, social conversation) [16].

T. Słaby observes that in terms of economy the need to have or feel for any purpose
constitutes the basis for the production and exchange of goods. The need for goods and
services constitutes the basic component of rational environmental management towards
sustainable development [20].

As a multidimensional phenomenon, the diversity of the standard of living is con-
ditioned by several factors, which generally may be divided into external and internal.
External factors influence the variability of the said standards in time, while internal factors-
in space. Internal factors are directly or indirectly influenced by the inhabitants of a given
region. This group of factors includes, among others, the manner of managing the local
self-government unit, which is reflected in the organisation of life (spatial plans and their
implementation, the location of jobs, housing construction, provision of social, educational,
health and other services) and the level of economic development. External factors include
the dynamics of population development and its structure, as well as equipment with the
technical infrastructure [21]. According to J. Piasny, in socio-economic terms, the standard
of living includes all circumstances characterizing material and cultural as well as social
conditions of the life of society. According to the author, the determinants include work
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conditions (e.g., whether it was easy to obtain it, its difficulty, the length of the working
week), wage or income level, consumption, housing situation, the possessed durable con-
sumer goods, the level of health and social care, the condition of education and culture, the
provision of water to households, gas, electricity, sewage systems etc. [22].

Table 1. Categories of human needs.

Max-Neef [10] 1. Subsistence; 2. Protection; 3. Affection, 4. Understanding; 5. Participation; 6. Idleness; 7.
Creation; 8. Identity; 9. Freedom.

Słaby [6]

1. Biological condition (food, housing, health, natural environment, leisure); 2 Professional
status (having a job, working hours, wages); 3. Material status (savings, prices, durable
goods); 4. Educational status (education of children and youth, education of adults, culture
and art); 5. Social status (social security, income egalitarianism, social pathology, family and
social bonds, politics).

Murray, Pauw, Holm [11]

1. Subsistence; 2. intactness, arrangement, intake, waste, movement, temperature,
receptivity); 2. Protection (e.g., maintain physical subsistence);3. Affection (e.g., pleasure,
trust, loyalty, respect); 4. Participation (receiving, giving); 5. Understanding (perception,
cognition, emotion, reflex); 6. Creation (transform matter, transform symbols, procreate). 7.
Idleness (catharsis, revitalization); 8. Identity (e.g., physical disposition and appearance,
personality); 9. Freedom (choice, value); 10. Transcendence (affirmation of life, overcome
meaninglessness).

Ding, Jiang, Riloff [12]

1. Physiological Needs; 2. Physical Health and Safety Needs; 3. Leisure and Aesthetic
Needs; 4. Social, Self-Worth, and Self-Esteem Needs; 5. Finances, Possessions, and Job
Needs; 6. Cognition and Education Needs; 7. Freedom of Movement and Accessibility
Needs.

Source: own elaboration based on [13,17–19].

Disparities in the level of life and social inequalities (like the use of renewable energy
sources) have recently become a persistent focus of economic analyses. A. Zeliaś [23]
explains the growing interest of researchers in the economic category that is the standard
of living with the transition from the stage of fascination with the pace of technical and
economic progress into the stage of reflection on the benefits and dangers of the civiliza-
tional progress. The adverse phenomena that economic brings include [24,25]: accelerated
degradation of the natural environment, threatening the lives of humans and animals; a
significant increase in morbidity and premature deaths due to certain diseases, mainly
the so-called “civilization diseases” (such as cardiovascular diseases, cancer); an increase
in various social pathologies (such as frustration, crime, alcoholism); a rapid increase in
the number of traffic accidents and accidents at work; disorientation in the value system,
destruction of old systems without the creation of new ones instead; an increase in social
disparities in various social cross-sections and so on; excessive consumption of products
and goods, resulting in environmental pollution; inability to produce substitutes for non-
renewable resources without increasing ecological risk for the environment and humans.

In recent decades, amidst the transformation of many EU economies, the standard of
living was determined by many factors as well as socio-economic and political processes.
Nowadays, environmental issues, including the use of renewable energy sources, are
becoming particularly important.

The contemporary economic system is characterized by cost externalization and “non-
payment of bills” as well as the “grow first and clean up later” strategy. As a result of
this phenomenon, there is an imbalance in the economic system, which is reflected in
environmental pollution of water, air and land. Increasing environmental pollution has an
impact on the standard of living and production capacity—production costs are growing
because technological processes require the use of clean water and clean air. In the long
term, it may lead to irreversible changes in the natural environment [26]. As it has already
been mentioned, ensuring a high standard of living to both current and future generations
with rational use of the available natural resources constitutes a basic prerequisite for
sustainable development. Such an approach dominates international economic relations,
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and in recent decades we have been observing a concentration of actions oriented towards
the transformation of socio-economic systems into the so-called green economy.

The concept of a “green economy” is relatively new. The term itself first appeared in
1989 in the report entitled Blueprint for a Green Economy, prepared for the government
of Great Britain (to support the introduction of the sustainable development idea) by D.
Pearce, A. Markandya and E.B. Barbier [27]. From the perspective of these considerations,
it is worth quoting the definition of “green economy” adopted by UNEP, which provides
that it is an economy that improves welfare and social equality (justice) while reducing
environmental risk and the use of natural resources [28]. It can be assumed that an
important role in the initiation thereof was played by the United Nations Environmental
Protection Programme of 2008, which called for the conclusion of an agreement, the so-
called Global Green New Deal, within the framework of which opportunities and chances
to recover from the global economic crisis through the development of “green” economy
sectors were indicated. The Global Green New Deal. Policy Brief report, published in 2009,
recommended investing in environmentally important areas with the greatest potential for
transformation, headed towards “green economy”, such as, among other things: renewable
energy, clean technologies, energy-efficient construction, recycling and waste management,
sustainable use of land, green coal mining techniques (including the underground coal
gasification process) [29]. Energetic self-sufficiency, defined by the ratio of the amount
of energy obtained to the amount of energy used in a given country/region, became one
of the most important indicators characterizing sustainable development [30]. The green
economy thus becomes a path to achieve sustainable development.

The concept of sustainable development is supposed to contribute to solving the main
challenges of contemporary economies, which comprise fears related to climate changes
and excessive air pollution, but also depletion of natural resources and energy security. In
the face of these challenges, the development of renewable energy seems to be an important
element in the implementation of the new energy policy. Two main areas can by confirmed
by the effects of implementing sustainable development:

• production and consumption, where it is expected that natural resources will be
used in a rational way and energy will be used effectively, waste and poverty will be
reduced and economic competitiveness will be strengthened.

• energy use and production, where it is expected that air quality will be improved, the
energy intensity of production will be reduced, energy efficiency will be improved
and that energy security and general access to clean energy will be increased. The area
assumes that it is critically important to increase the use of renewable energy sources
and slowly become less dependent on traditional energy sources (including oil and
natural gas) [31].

The processes of transitioning to a low-carbon fossil-fuel-free economy to a certain
extent stem from the obligations imposed on governments and national economies by in-
ternational organizations, mainly within the framework of the United Nations Framework
Convention on Climate Change (UNFCCC or FCCC) and the Kyoto Protocol, and partially
result from the emergence of new technologies and innovations that are climate-friendly
and provide a competitive advantage [32]. Although the guidelines stemming from the
concept of the green economy should not be ignored by any country, the condition and
implementation thereof in most of them is still not satisfactory. The basic problem in many
countries is not the amount of energy produced and used, but the fact that the source
thereof are fossil fuels. It is estimated that the total technical potential of renewable energy
can be 100 times higher than the current global demand for energy [33].

Nowadays, the energy needs of consumers are impacted by a wide variety of factors,
including the level of development of a society to which a consumer belongs, economic
and cultural traditions; geographical location; mobility and development aspirations and
so on [34].

Until 2050, the technological revolution will take place not only with a share of
an increase in energy efficiency and renewable energy sources but also with a growing
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role of energy prosumers in the economy [35]. Therefore, the involvement of the main
stakeholders-citizens of individual countries and regions, who must participate in the
creation of their (as well as local/regional) energy security—is necessary to make the
energy revolution possible. Already in 1947, M. McLuhan and B. Nevitt [36] formulated
a thesis that with the development of new electrical technologies, the consumer will be
increasingly often becoming the producer. Businesses (including households) using new
technological solutions for the production of electricity (and/or heat energy) that satisfies
their needs are referred to as prosumers in the energy market. A prosumer is a participant
in the prosumption process, in other words—both a user and a consumer, producing a
product to consume it on its own. A prosumer is an active consumer-customer, who not
only buys electricity (and/or heat energy) from traditional suppliers but also engages in
active purchase and sale relations with them. It produces energy with the use of distributed
power generation equipment (DPGE) and sales the surplus. It also sells system services,
such as demand reduction. It is equipped with storage DPGE technologies which provide
it with back up power, especially electricity, in the case of grid failures [37]. Pro-consumer
energy represents the lowest level of distributed energy. It includes such microgeneration
installations as solar collectors, photovoltaic microsystems, biomass boilers, micro wind
turbines, biogas-powered cogeneration microsystems, heat pumps. The most important
prosumer groups include households, small and medium-sized farms as well as small and
medium-sized enterprises (located mainly in rural and suburban areas).

The development of prosumer energy has many benefits for prosumers (it impacts the
standard of living in the case of households), national economies and the environment. The
benefits are as follows [38]: a prosumer lives in a household that generates profit by selling
the surplus of produced energy; with the use of energy storage devices together with the
use of microgeneration devices, a prosumer has constant access to the electricity grid, even
during grid failure; by using smart power intake management capabilities, the prosumer
can create their own energy tariffs, which leads to a decrease in the cost of electricity use; a
prosumer becomes independent of increases in the prices of conventional energy carriers.

The main reasons for an energy policy including renewable sources are benefits
(Table 2), which can be synthetically divided into three groups [39–41]:

• economic-better use of production resources-land, labour, capital; economic activation
of local communities; lower energy production cost; reduced fuel imports.

• social-the creation of new workplaces; improvement of residents’ standard of living.
• environmental-improvement in the condition of the natural environment and reduc-

tion of greenhouse gas emissions, which will have an impact on limiting the extraction
of fossil fuels and, as a result, decreasing environmental burden related to the exploita-
tion of deposits and will reduce the risk of natural disasters.

M. Wozniak and B. Saj point out that energy generated from renewable sources makes
it possible to [39]: diversify the available energy sources, create active prosumer attitudes
concerning the use of renewable energy in the general energy system of a given country,
manage fossil fuels in a reasonable way, obtain relatively cheap, renewable electricity;
significantly reduce the negative impact on the environment; reduce the costs related to
energy transfer; increase social awareness in terms of ecology; improve the stability of
energy supplies (especially in rural areas); expand the entrepreneurial attitudes of residents.
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Table 2. Advantages and disadvantages of the impact of renewable energy sources.

RES Advantages Disadvantages

Solar energy

• its availability related to the presence of
sunlight

• it produces no noise, harmful emissions or
pollutions,

• it is environmentally friendly as it does not
• exacerbate the greenhouse effect,
• it constitutes a free and inexhaustible

source of energy

• its cyclicity associated with seasons and the
time of day,

• the necessity to create a proper
• infrastructure that will keep up with the

movement of the Sun and expenditures for the
construction of assistive devices related thereto

Wind energy

• it is a virtually free and clean source of
energy,

• it does not pollute the environment,
• it can be obtained virtually everywhere,
• alternative workplaces,
• no waste

• high cost of equipment installation,
• lack of continuity due to windless periods,
• it is a threat to birds,
• vibrations producing infrasound,
• noise emission,
• limitations related to location,
• visual interference

Water energy

• it supports local development,
• it supports rural electrification,
• it enables saving other natural resources,
• it reduces environmental pollution,
• electricity production with the use of this

method is relatively stable,
• damming up of water has a positive impact

on the hydrological balance

• negative impact of the dam infrastructure
• on the quality of the environment,
• artificial reservoirs cause changes in the

hydrological conditions of rivers,
• siltation of river bottoms,
• changes in the physical and chemical

properties of waters,
• changes in the landscape,
• affecting the aquatic environment by

interfering with the world of fish living therein
and limiting their freedom of migration,

• changes in fish population,
• generation of large amounts of methane
• in dammed reservoirs,
• they become a major threat to
• the environment, mainly due to a large amount

of the stored organic matter and significant
methane emissions, contributing to greenhouse
gas emissions,

• they constitute obstacles in animal migration,
• cumbersome noise,
• the local populace often needs to be resettled;

this may lead to intergenerational trauma in
the resettled people

Biomass

• a large, untapped production potential for
agriculture,

• adequately developed animal production
unused animal manure,

• reduction of emissions related to the use of
conventional fuels

• production of biomass as competition for
• food production,
• dispersion of agricultural resources,
• obtaining of biomass depends on the season,
• high cost of preparation and transport
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Table 2. Cont.

RES Advantages Disadvantages

Geothermal energy

• independent of weather conditions,
• steady power level throughout the entire

year,
• with proper use, exploiting geothermal

energy should not generate any pollution

• the potential side effects of using geothermal
energy include the discharge of harmful gases
and minerals into the atmosphere or surface
waters and groundwaters,

• not all areas have access to equally effective
geothermal sources (ones with the appropriate
temperature),

• expensive generation technology (boring is
required; the entire infrastructure must be
constructed),

• geothermal sources may shift, which may
result in their unavailability in the areas where
the infrastructure is set up

Source: Own study based on [39–41].

In the context of identifying economic benefits, it is important to assess the profitability
of investments in renewable energy sources, for which mainly methods based on cash
flow (static and dynamic) are used. Statistical methods used in this regard are pay-back
period and rate of return. The pay-back period of the investment in RES is the time after
which the revenues cover the expenses. For any investor, a higher level of investment
evaluation is when the time is as short as possible. On the other hand, the rate of return
of investment outlays in RES is determined based on the relation of revenues obtained as
a result of the investment and the amount of the capital employed. The most often used
dynamic methods to assess the cost-efficiency of the investment include the net present
value (NVP), the internal return rate (IRR) and the modified internal return rate (MIRR). It
is often difficult to assess the profitability of investments in the market of energy obtained
from renewable sources, due to limitations associated with the lack of complete information
on the current and, especially, the future operation of this market, and, in particular, the
lack of sufficient information on financial forecasts, future CO2 emission costs and, most
importantly, the direction of changes or stability of the existing legislation [42].

Without much reservation, it can be assumed that the main argument for the use
of green energy is the prevention of environmental changes and that it is of particular
importance in the context of air pollution reduction and prevention of global warming.
Global warming changes the environment, increasing the frequency and intensity of
extreme weather events.

In 2017, weather-related disasters caused record economic losses, amounting to EUR
283 billion. The European Commission predicts that by the year 2100, such a disaster
could affect approximately two-thirds of the population of Europe, while only 5% of the
population is affected by them these days. For example, annual damage from river flooding
in Europe could rise to EUR 112 billion from the current EUR 5 billion. It is estimated that
reduction in predicted food availability with global warming by 2 ◦C is more significant
than with global warming of 1.5 ◦C (as per the “aim of the Paris Agreement”), including
the regions of key importance for the safety of the EU, such as Northern Africa and the rest
of the Mediterranean. It could undermine security and prosperity in the broadest sense,
harming the economic, food, aquatic and energy system, which would, in turn, cause
conflicts and migration pressures [43].

From the perspective of these considerations, it is worth mentioning at this point that
the most important negative health effects resulting from air pollution (reflected in the
standard of living) include [44]: problems with memory and concentration, depression,
anatomical changes in the brain, accelerated ageing of the nervous system, stroke; breathing
problems, cough, runny nose, sinusitis; myocardial infarction, hypertension, ischaemic
heart disease, cardiac arrhythmias, heart failure; exacerbation of asthma, lung cancer,



Energies 2021, 14, 2186 9 of 35

exacerbation of chronic obstructive pulmonary heart disease, more frequent respiratory
infections; low birth weight, missed abortion, premature birth.

At this point, it is also worth mentioning the results of studies conducted by M.
Szyszkowicz et al. [45] which show that there is a statistically significant correlation between
air pollution with carbon monoxide, sulphur dioxide, nitrogen dioxide and the number of
suicide attempts in Vancouver. It has been empirically proven that air pollution is associated
not only with respiratory problems but also with depression, anatomical changes in the
brain, accelerated ageing of the nervous system, the likelihood of stroke, missed abortion.
According to the report by the Jagiellonian University, approx. 44,000 in Poland, one of
the infamous European leaders in the level of air pollution, die due to air pollution every
year [46]. In its 2015 report Economic Cost of the Health Impact of Air Pollution in Europe,
the World Health Organisation states that the estimated economic cost of deaths occurring
in Europe as a result of environmental pollution is approximately USD 1.6 trillion per
year [47].

According to the BP Energy Outlook 2020 report, there is a clear upward trend in
energy consumption all over the world, which leads to many environmental threats. The
report shows that oil and coal continue to be the basic source of energy (the trend, however,
is downward), and the share of renewable energy sources has been increasing for another
year in a row [1].

As M. Tomala [48] correctly observes, renewable energy frequently still turns out to be
more expensive than the traditional one, but the use of ecological energy must be based on
a high level of social awareness consisting in the understanding of the fact that the wealth
of a country does not depend solely on the accumulated capital, but also on the standard
of living (as it is in the Nordic countries).

It seems that the cost of investment and operating costs of an energy or heat/cold
source remains the most important criterion for the selection of energy production tech-
nology. Technologies using renewable energy sources require a relatively large initial
investment, but the cost of their ongoing operation is low (solar, wind, water energy).
From the perspective of these considerations, an important thing is that lower prices of
renewable energy will increase the fund of free decisions of consumers, who will be able to
spend the money saved on energy bills on products and services. For this reason, apart
from the direct costs of financial investments in RES, we should also take into account the
benefits stemming from the use of renewable resources, which to a greater or lesser extent
also affect the standard of living of residents (Figure 1).
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The amount of the initial capital investment has a large impact on the economic
competitiveness of a given technology, especially when estimating the LCOE coefficient
(levelized cost of energy). Due to the need for large expenditures at the beginning of the
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operation, renewable energy sources, especially those using solar technologies, frequently
have a higher LCOE coefficient than conventional technologies. This argument is frequently
put forward to prove that the use of renewable energy sources is too expensive. Even
though the comparison of costs of energy production from renewable and conventional
sources depends on the location and conditions in a given country, the LCOE coefficient
suggests that using renewable energy sources we can already offer energy services at a
competitive price. Moreover, it is believed that technological advancement and greater
efficiency will further increase the price competitiveness of all types of RES, compared to
conventional technologies. For example, it is assumed that the LCOE coefficient for wind
and solar energy will have decreased by 35% (by 2030) and 50% (by 2050), respectively [33].

M. Iganrska observes that the development of the RES sector has a positive impact on
the labour market, thus determining the standard of living of residents. This is especially
true for the industries manufacturing renewable energy and construction equipment, due
to an increase in the demand for construction services related to the construction of power
generating facilities and modernization of the existing ones. Employment can also be
expected to increase in the banking sector, due to the expansion of programmes financing
green energy investments. There will be a shift of human capital from traditional to
highly innovative sectors, which will consequently contribute to the development of the
knowledge-based economy [49].

Areas allocated for RES investments do not lose their tourist and utility value. Such
investments can also result in other types of investments. The areas where RES investments
are implemented are perceived as investor-friendly regions, fostering the development
of new technologies and protecting the environment, which makes them worth investing
in [50].

In the context of the use of renewable energy sources and their impact on the standard
of living of residents, it is worth mentioning the change in the time needed for the operation
of thermal energy source. In general, taking into account the operation time, we can
distinguish two groups of thermal energy sources unmanned sources (such as oil and gas
boilers, heat pumps, solar collectors and electric heating) and sources requiring constant
maintenance (all kinds of solid fuel and biomass boilers). Their time-consuming nature
is dependent and can vary. In the case of changing the power source from group one to
group two, the time needed for service will increase, thus generating costs of lost free
time. Switching from group one to group two, however, will bring benefits associated
with saving free time. Changing an individual source of thermal energy production may
be associated with changes in the time needed for the operation of the source. The time
needed for the following should be particularly taken into account: operation of the source
producing thermal energy (supplying the source with fuel as well as other operation-related
activities) during and outside the heating season; fuel management on the property (for
example reloading the imported fuel from the storage area) [51].

3. Materials and Methods

All 27 member states of the European Union were included in the empirical analysis.
The aim of the analysis was not to compare national fuel resources in individual countries,
the structure of energy production by the source, or the share of renewable energy in
electricity production as it is the subject of many widely available scientific analyses
and reports (more in REN21 [52], bp Statistical Review of World Energy [53], IRENA—
RENEWABLE CAPACITY STATISTICS [54]). The author aimed to construct original,
synthetic measures of the standard of living and the level of renewable energy development
and, on the basis thereof, conduct an assessment of development diversification in the
countries of the EU as well as use an advanced, multivariate exploratory technique, i.e.,
canonical analysis, to assess the correlations between them.

In the literature, the problem of the impact of renewable energy on the life situation
of residents was most often analysed in the context of energy poverty—a situation when
a household cannot afford energy or energy services to satisfy their basic, daily needs.”
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Less frequently renewable energy is strictly treated as a livelihood enabler. The use of
renewable energy as a tool that eliminates energy poverty and, consequently, contributes
to improving the standard of living was emphasized by, among others, C.W. Njiru and S.C.
Letema [5] who demonstrated that energy poverty has an impact on the physical health,
well-being and welfare of the people living in the Kirinyaga province, Kenya. Similar
studies were conducted by E.M. Getie [6] conducted similar studies which revealed that
energy poverty has a direct or indirect impact on the standard of living of people in Ethiopia
(including human resource development, residents’ health and agricultural automation
which improve the standard of living). M.A. Hussein and W.L. Filho [7] analysed the
quantitative relationship between energy availability and improved living conditions
and elimination of poverty in sub-Saharan Africa. According to the authors, renewable
energy technologies play a special role in the improvement of access to energy services for
poor people and isolated rural communities. At this point, it is also worth mentioning a
study that investigated the relationship between the level of economic development and
renewable energy. M. Simionescu et al. [55] showed that there was a potential relationship
between the share of renewable energy sources in total electricity and the real GDP per
capita. Based on the constructed models for panel data, the authors indicated that GDP per
capita had a positive, but very low impact on the share of RES in electricity in the years
2007–2017 in EU countries, except for Luxembourg. On the other hand, based on data from
1992–2018, J. Grabara et al. [56] analysed the relationships between economic growth and
the use of renewable energy consumption and direct foreign investments in Kazakhstan and
Uzbekistan. Based on the results of the Granger causality test it was, among other things,
demonstrated that there is a relationship between direct foreign investments and the use of
renewable energy in the countries under consideration. Based on a very extensive literature
review of the problem, C. Llamosas and B.K. Sovacool [57] indicate numerous benefits
resulting from the construction and operation of transboundary dams. According to them,
the economic benefits include the possibility of exporting electricity, effectively generating
income for hydropower exporters, while the catalytic benefits include knowledge transfer,
as well as building confidence and industry experience.

An initial determination of variables describing the analysed objects (EU countries)
constituted the first stage of constructing synthetic measures of EU residents’ standard
of living and the level of the development of renewable energy sources (a kind of “green
energy index”), according to the multivariate analysis. Both in the case of the quantification
of the standard of living and the level of renewable energy development, the variables
should be selected in such a way so as to reflect various aspects of these multivariate
categories. As M. Walesiak correctly observes, the selection of variables is among the most
important and most difficult issues. This is because the quality of variables determines the
reliability of the final classification results and the accuracy of the decisions made on their
basis. Only the variables which can discriminate a set of objects should be included in the
classification procedure [58].

On the one hand, issues related to the assessment of the standard of living (and the
quantification of environmental aspects, including those related to renewable energy) enjoy
a great interest of researchers, but on the other—they are controversial. This is largely due
to the multifaceted and interdisciplinary nature of this research category, which fosters the
emergence of various measures and indicators relating to this phenomenon. No single,
universally accepted method of measuring the standard of living of residents has been
developed to date. To illustrate, at least partially, the results of works on the construction
of synthetic measures obtained so far, listed below are those which in the author’s opinion
are most popular in the literature in the context of the assessment of the living standard
(and related categories, such as the quality of life or living conditions) and the degree of
sustainability of socio-economic development (“greening of the economy” (including the
use of renewable energy sources), the level of sustainable development):

• Index of the Economic Aspects of Welfare (EAW) is one of the first measures of eco-
nomic welfare to more broadly incorporate the ecological aspect and a broad spectrum
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of qualitative factors. It was applied for the first time by X. Zolotas in 1981. Its
structure is focused on the current flow of goods and services. It takes into account
expenditures on public buildings, the value of household works, expenditures on
durable consumer goods, advertising, the value of free time, the value of public sector
services, corrected by the expenditures related to health care and education, costs of
environmental pollution and the depletion of natural resources [59,60].

• Index of Sustainable Welfare (ISEW), developed in 1989 by H. Daly and J. Cobb. The
first step in the construction of this measure is the correction of personal expenditures
of a population by the income index spread. The obtained values are then modified by
adding or subtracting monetary values of a predetermined set of factors (of social, eco-
nomic and environmental nature), depending on whether a given factor has a positive
or negative impact on welfare. Expenditures related to, among other things, public
education and health care, or the value of services from domestic work, increase the
base value and decrease, among other things, the costs of commuting, unemployment
and natural environment exploitation as well as crime-related costs [61,62].

• Human Development Index (HDI), which is a complex measure based on the geo-
metric mean of three (normalized) indicators relating to basic dimensions of human
life: the ability to live a long and healthy life, measured by life expectancy at birth;
the ability to acquire knowledge, measured by average years of education and the
expected years of education; and the ability to attain a decent standard of living,
measured by gross income per capita. Since 1900, the index has been recurrently pub-
lished as part of the Human Development Report prepared by the UN Development
Programme [63].

• Multidimensional Poverty Index (MPI), which replaced the HPI (Human Poverty
Index) index applied since 1997. It comprises 10 elements aggregated into 3 dimen-
sions [64]: I. Education (1. no household member has been receiving education for
at least 6 years); 2. no school-age child is attending school); II. Health (1. at least
one household member is malnourished; 2. child mortality); III. Living conditions
(1. lack of access to electricity; 2. lack of access to clean drinking water; 3. lack of
access to sanitary facilities; 4. use of “dirty cooking fuel” (e.g., charcoal); 5. disor-
der in the household; 6. owning at least one asset related to access to information
(radio, television, telephone), mobility or supporting the household (fridge, arable
land, livestock).

• Quality of Life Index (QoL), an indicator developed by “The Economist” and used for
the first time in 2005 for 111 countries. The indicator is based on a unique method-
ology combining the results of subjective satisfaction with life and an examination
of objective determinants of the quality of life. The following parameters are taken
into account while calculating the index: financial situation, political stability and
safety, family life (divorce rate per 1000 residents), community life (the rate of church
attendance or trade union membership), climate and geography, job security (unem-
ployment rate), political freedom, gender equality (the ratio of average earnings of
men and women) [65].

• Better Life Index (BLI), created in 2011 by OECD for international comparison of
social welfare. The index consists of 11 parameters: income and wealth (corrected
net disposable income of a household, net household assets), work and remuner-
ation (employment rate, long-term unemployment rate, average gross earnings of
full-time employees, uncertainty in the labour market), housing (number of rooms
per person, houses without basic amenities, housing expenditures), health (average
life expectancy at birth, self-reported health), life and work (employees spending
long hours at work (more than 50 h per week), time for leisure and personal care),
education and skills (level of education, cognitive skills of students, expected years of
education), social bonds (support in social media), civic involvement (participation in
the development of legislation, voter turnout), quality of the natural environment (air
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pollution, satisfaction with water quality), personal security (homicide rates, the sense
of safety while walking alone), satisfaction with life [66].

• The Happy Planet Index (HPI) was developed by the New Economics Foundation.
It is used to measure the well-being in specific countries and is the product of the
life expectancy and the citizens’ general satisfaction with life, as well as a measure
reflecting the uneven distribution of life expectancy and the well-being experienced
in a given country, divided by the so-called ecological footprint, i.e., the use of the
natural environment [67].

• The Social Progress Index (SPI) is constructed based on 50 variables concerning 12 com-
ponents, which are grouped into three categories: basic human needs, foundations of
well-being and opportunity: nutrition and basic medical care, air, water and sanitation,
shelter and personal safety (included in the 1st category), access to basic knowledge,
access to information and communication, health and well-being, environmental
quality (included in the 2nd category), personal rights, personal freedom and choice,
inclusiveness and access to advanced education (included in the 3rd category) [68].

Among synthetic measures more focused on the environmental aspects, the following
are worth mentioning:

• Living Planet Index (LPI), an index promoted by the Word Wildlife Foundation,
measuring biological diversity based on data on various species of vertebrae and
calculating the average change in their number over time. The measurement aims
to identify biodiversity threatened by human activity. The situation of the analysed
populations is compared with the situation observed in 1970 [69].

• Ecological Footprint, used as a measure of human demand for broadly defined natural
capital. The “Ecological Footprint” determines how many biologically productive
land and sea areas are necessary to provide resources for consumption and absorb the
generated waste, based on the existing technological solutions combined with specific
resource management practices [70].

• Global Green Economy Index (GGEI)—developed in 2010 r. by Dual Citizens Inc. as a
complex analytical tool offering stakeholders a system for improving their operation
and image within the framework of “green economy”. In 2018, its structure was
based on 20 partial indicators relating to four main thematic areas: leadership in green
economy implementation (actions of public entities, managements, creation of institu-
tions, international cooperation) and climate changes; effectiveness sectors (including
construction, transport and energy); markets and investments; environment [71].

According to J. Piasny [22], synthetic measures, rather than partial indicators, are a
more appropriate measure of the inhabitants’ standard of living. However, some limitations
on the use of synthetic measures should be kept in mind [72]: subjective selection of
diagnostic variables used for the construction of a synthetics measure; subjective selection
of weights for individual variables in the aggregation formula.

Considering the limited availability of statistical data, it is difficult to conduct a
complex measurement of the standard of living, because the level of this multifaceted
phenomenon is determined by the level of satisfaction of the above-described needs,
both material and non-material. In the context of multidimensional phenomena, K. Ner-
mend [73] indicates what, in terms of content and form, the analysed variables should be
characterised by, which includes capturing the most important properties of studied phe-
nomena, being precisely defined, logically interrelated, measurable (directly or indirectly),
expressed in natural units (in the form of intensity indicators), containing a significant
information load, and being characterised by high spatial variability.

The procedure of diagnostic variable selection consisted of two stages (both in the
case of variables related to the standard of living and renewable energy). In the first
stage, a set of potential diagnostic variables was proposed based on the above-listed
formal and substantive premises (the data was obtained from the EUROSTAT database—
Tables A1–A3). The selection primary of sets of variables, apart from the substantive and
formal criteria, was largely determined by the availability, completeness and the fact that
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this data is up-to-date. It was assumed that the included partial variables will be indicative
and will not be absolute values, which was aimed at eliminating the distortion related to
the fact that some objects (EU countries) have some characteristic traits (eg. a significantly
larger area than other objects).

As a result, 29 potential diagnostic variables related to the standard of living were
proposed. The variables were then divided according to substantive criteria into seven
thematic groups [9,13,74,75]:

• demography: S1—Average life expectancy at birth; S2—The birth rate; S3—Population
density; S4—Infant mortality rate; S5—Total birth rate. S6—Average age of mothers
at birth.

• education: S7—Students enrolled in early childhood education (pre-school education)
per 1000 inhabitants; S8—Percentage of young people not working or studying (aged
15–24); S9—Percentage of university students in relation to the population S10—
Percentage of people with higher education in the age group 25–64 (variables S9
and S10 are similar, however, it is assumed that not every student completes his/her
studies and obtains higher education).

• economy and labour market: S11—average remuneration; S12—gross domestic prod-
uct in market prices per person; S13—long-term unemployment rate (12 months and
more); S14—professional activity rate (age 15–74); S15—unemployment rate, S16—the
percentage of people at risk of poverty and social exclusion.

• health: S17—available beds in hospitals (per 100,000 residents); S18—doctors (per
100,000 residents), S19—the percentage of people with chronic illnesses or health problems,

• tourism: S20—nights spent at tourist accommodation establishments (per 1000 resi-
dents); arrivals at tourist accommodation establishments (per 1,000 residents); S22—
net occupancy of beds and rooms in hotels and similar establishments;

• transport: S23—cars per 1000 residents; S24—length of highways per 100 km2;
• housing conditions: S25—level of severe housing deprivation; S26—the average

number of rooms per person,
• environmental protection: S27—forestation rate, S28—dangerous waste production

(in tonnes per person); S29—the percentage of people exposed to pollution or other
environmental problems.

• In turn, a set of 11 diagnostic variables, divided into two thematic groups, was used
to determine the level of renewable energy development in individual EU countries.

• RES production: R1—production of electricity and derived heat based on hydroenergy
(in TOE per 1000 residents); R2—production of electricity and derived heat based on
wind energy (in TOE per 1000 residents); R3—production of electricity and derived
heat based on photovoltaic energy (in TOE per 1000 residents), R4—production of
electricity and derived heat based on biogas fuels (in TOE per 1000 residents) R5—
production of electricity and derived heat based on communal waste (in TOE per
1000 residents), R6—share of energy from renewable sources in final electricity con-
sumption, R7—share of energy from renewable energy sources in energy used for
heating and cooling, R8—share of energy from renewable sources in energy used
in transport,

• RES infrastructure: R9—installed heat pump capacity (in megawatts per 1000 resi-
dents), R10—solar collector surface (in km2 per 1000 residents), R11—“autoproducers”
of electricity from renewable energy sources per 1000 residents.

The multitude of variables (being carriers of various information) describing the anal-
ysed objects in multidimensional comparative analyses makes it necessary to choose the
most important ones from the research point of view. Therefore, at the second stage of
variable selection, to limit the number of potential diagnostic variables, statistical proce-
dures were used so that the selected variables characterized the studied objects as fully
as possible and, simultaneously, created a set as small as possible. As M. Walesiak [58]
correctly observes, the approach which is to take account of as many variables as possible is
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unsubstantiated as adding one or several irrelevant variables to the set makes it impossible
to detect the proper structure in the set of objects.

Studying variability and the degree of correlation of potential diagnostic data (infor-
mation criterion) is of particular importance in the process of variable selection.

During variable selection, it is required that individual observations exhibit adequate
variability (discriminatory ability) as poorly varied variables provide little analytical value.
It was assumed that those traits will be eliminated from both primary sets for which the
absolute value of classic variability coefficient will be below the arbitrarily determined,
critical threshold value of this coefficient at the level of 10% (the traits were considered
quasi-constant, not bringing significant information on the studied phenomenon). Subse-
quently, the degree of variable correlation (information capacity) was investigated, since it
is assumed that two highly correlated variables are carriers of similar information, which
makes one of them redundant. For this reason, in order to conduct information value
assessment, one of the methods of feature discrimination depending on the value of correla-
tion matrix—the so-called method of inverse correlation matrix—was used (more in: [76]).
Based on the correlation matrix, the inverse correlation matrix was calculated for each
thematic variable subgroup

R−1 =
[
r̃jj,
]
j, j′ = 1, 2, . . . , m, where : (1)

r̃jj′ =
(−1)j+j′|Rjj′|

|R| , where: Rjj′—the matrix reduced by deleting the j-th row and the j’-th
column; R,

∣∣Rjj′
∣∣—determinants of the R and Rjj′ matrices respectively.

In features that are overly correlated with other diagonal elements of the inverse
correlation matrix are much greater than 1 (which means that the matrix is ill-conditioned).
According to this method, the overly correlated feature (which corresponds to the diag-
onal element of the inverse correlation matrix characterized by the value exceeding the
arbitrarily determined threshold value (most often r* = 10) is eliminated from the primary
set of features. Then the inverse correlation matrix is calculated again, and it is analysed
whether the diagonal values do not exceed the determined threshold value. The procedure
is continued until all diagonal values not exceeding the determined threshold are obtained
(i.e., until the stability of the inverse correlation matrix is achieved).

As a consequence, taking into account the discriminatory criterion, 4 variables (S1, S6,
S9, S14) should be eliminated from the set of variables relating to the standard of living.
On the other hand, all variables in the set of variables relating to the level of renewable
energy development were characterized by a variable coefficient greater than the adopted
critical threshold of 10%. For this reason, all variables in this set were further analysed.
After conducting the assessment of the information potential (based on the results obtained
with the use of the inverse correlation method) variables R4, R7 and R11 were eliminated
from the set describing the level of renewable energy development, while variables S12
and S29 were eliminated from the set relating to the standard of living.

In studies aimed at linear ordering of a set of objects, variable classification by prefer-
ences among variables is of particular significance. In this context, we distinguish stimuli
(high values desired from the perspective of the essence of the phenomenon under con-
sideration), dampers (desired low values) and neutral variables (where certain nominal
values constitute the optimal value, and deviations from the value worsen the evaluation
of the analysed phenomenon). In the set of data relating to the standard of living, the
following variables were included in the damper set: S3 (population density); S4 (infant
mortality rate); S8 (young people not in employment and not attending any school (age
15–24)); S13 long-term unemployment rate (12 months and above) and S15 (unemployment
rate); S16 (percentage of people at risk of poverty and social exclusion); S19 (percentage
of people with chronic diseases or health problems); S25 (degree of significant housing
deprivation); S28 (production of dangerous waste). The other variables were treated as
stimuli. This also applies to the variables describing the sphere of tourism, assuming that
the higher values of considered variables, the greater the tourist attractiveness and the more
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opportunities for leisure activities. In the set of variables relating to the level of renewable
energy development, all variables under consideration were classified as stimuli.

In studies using linear ordering and classification methods, there is a need to de-value
variables and standardise orders of magnitude to render them comparable. This operation
is known as normalization transformation. The most common methods of data normaliza-
tion include standardization, unitization and quotient transformation. Normalisation was
performed by standardizing the value of a variable. The purpose of standardisation is to
obtain variables with a distribution with an average of 0 and a standard deviation of 1. On
the other hand, the most popular [58,77] standardization formula has the form:

zij =
xij−xj

Sj
(2)

where: xj—arithmetic mean; Sj—standard deviation of variable xij; i = 1, 2, ..., n; j = 1, 2, ..., m.
The so selected and initially transformed set of values, became the basis for linear

ordering of the considered objects (as well as further analyses). The classic TOPSIS (the
Technique for Order of Preference by Similarity to Ideal Solution) method, which is consid-
ered to be a model method, was used to facilitate linear ordering of the selected countries
of the European Union in terms of the standard of living of the residents and the level of
renewable energy development. This method makes it possible to determine the hierarchy
of objects in accordance with the adopted criteria. It is a certain modification of Hellwig’s
method, which is popular among scientists. In this method, the synthetic measure is con-
structed taking into account the Euclidean distance of observation not only to the pattern
(the most desired variant) but also from the anti-pattern, known as the anti-deal reference
solution (in contrast to Hellwig’s method, in the case of which only the distance from the
patter is considered). The following stages in the construction of a synthetic measure can
be distinguished in this method [78]:

• Creating a standardized decision matrix based on the quotient transformation.

zij =
xij√

∑m
i=1 x2

ij

for i = 1, 2, . . . m and j = 1, 2, . . . , m (3)

where: xij —the observation of the j-th variable in the i-th object.

• Constructing a matrix of weights using weighing of variables and subsequently
creating a weighted standardized decision matrix (as a result of multiplying the
standardized values by the weights):

vij = wj· zij (4)

• Based on the standardized decision matrix, the value vector for the pattern (A+) and
the anti-pattern (A−) is determined:

A+ =
(max(vi1),

i
max(vi2)

i
, . . . ,

max(viN))
i

=
(
v+1 , v+2 , . . . , v+n

)
, (5)

A− =
(min(vi1),

i
min(vi2)

i
, . . . ,

min(viN))
i

=
(
v−1 , v−2 , . . . , v−n

)
, (6)

• Indicating the distance from the pattern and the anti-pattern for each analysed object
based on the Euclidean metric:

s+i =

√√√√ N

∑
j=1

(
vij − v+j

)2
; s−i =

√√√√ N

∑
j=1

(
vij − v−j

)2
, i = 1, 2, . . . , M, j = 1, 2, . . . ., N (7)



Energies 2021, 14, 2186 17 of 35

• Determining the value of the synthetic variable which defines the similarity of objects
to the “model” solution, in accordance with the following formula:

Ci =
s−i

s+i − s−i
, where 0 ≤ Ci ≤ 1 (8)

The smaller the distance of a given object from the model unit and, therefore, the
greater the development anti-pattern, the closer the value of the synthetic feature to 1.

A classification of the EU countries by the standard of living of their residents and
the level of renewable energy development was conducted with the use of the PAM
(Partitioning Around Medoids) method to determine groups of objects similar to each
other in terms of variables describing them. As correctly observed by J. Korol and P.
Szczuciński [79], classification methods make it possible to divide the analysed object
sets into adequate subsets (classes) in such a way that the objects belonging to the same
subset are most similar to each other, while those belonging to different subsets are least
similar to each other. The idea behind clustering methods is to delimit a set of objects into
homogenous subgroups, enabling better description thereof from the perspective of the
purpose of structural comparisons.

The PAM method is among relatively new classification methods (the mechanism
of clustering around medoids was proposed by Kaufman and Rousseeuw in 1987) (more
in: [80,81]). The idea behind this method is to search for k objects, so-called representatives,
which are centrally located in clusters (so-called medoids). An object in which the mean
dissimilarity (distance to the representative) of all objects in the cluster is the smallest
is considered to be the representative of the cluster. In reality, the algorithm minimizes
the sum of dissimilarities instead of the mean dissimilarity. The selection of k medoids
is a process consisting of two steps. First, an initial clustering is obtained by successive
selection of “representative” objects until k objects are checked. The first object is the one
for which the sum of dissimilarities for all other object is as small as possible (it is a certain
kind of a “multidimensional median” of N objects, hence the term “medoid). In each
subsequent step, the object which to the greatest extent contributes to the decreasing of the
objective function (the sum of dissimilarity) is selected. The next stage is a sort of attempt
to correct the set of representatives. It is done by including all pairs of objects (i, h) for
which i object was selected for the set of representatives, and an h object does not belong to
the set of representatives, checking whether after changing the i into the h, the objective
function decreases. The final mean distance (dissimilarity), which is interpreted as the
measure of the “goodness” of the final clustering of the considered objects, is expressed by
the following formula:

F =
∑N

i=1 di,m(i)

N
(9)

where: m(i) is the representative (medoid) of the closest i object.
Two types of isolated clusters can be distinguished in the algorithm of this method:

the L-cluster and the L*-cluster. The C cluster is an L-cluster if the following condition is met
for each i object belonging to C:

max
j ∈ C

dij <
min

h /∈ C
dih. (10)

In turn, the C cluster is an L*-cluster if:

max
i, j ∈ C

dij <
min

l ∈ C, h /∈ C
dlh. (11)
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The diameter of the C cluster, defined as the greatest dissimilarity (distance) between
the objects belonging to C, is determined in this method:

DC =
max

i, j ∈ C
dij (12)

When j is the medoid of the C cluster, the mean distance from the considered C objects
to j is calculated as follows:

dj =
∑i∈C dij

Nj
(13)

In addition, the maximum distance of all C objects to j is calculated as follows:

DISTmax =
max
i ∈ C

dij (14)

It was arbitrarily assumed that there would be 4 clusters.
Subsequently, a canonical analysis was conducted to present multidimensional cor-

relations between the sets of variables relating to the standard of living of EU residents
and the level of renewable energy development. Canonical analysis can be viewed as a
generalization of the linear multiple regression (in which the variability of one endogenous
variable may be explained by the variability of a set of exogenous variables) into two sets
of variables (endogenous and exogenous). If the set of response features consists of only
one feature, the method is equivalent to multiple regression. Therefore, canonical analysis
searches for an answer to the question of what is the extent of the simultaneous influence
of the whole set of endogenous variables on the whole set of exogenous variables. Analysis
of correlations between two sets of variables comes down to analysing the relationships
between two new types of variables (so-called canonical variables, also known as canonical
roots). Canonical roots constitute the weighted sums of the first and second primary data
sets. The weights are generated in a manner that maximizes the mutual correlation of
the weighted sums. If this condition is met, it means that pairs of canonical variables
are considered to be good representations of the initial data within the framework of the
adopted model. Maximum correlation is sought with the use of the Lagrange multiplier
method (see: [82–87]). Considering the arrangement of two random variables [x, y], where:
x =

[
x1, x2, . . . , xp

]T is a vector of exogenous variables, y =
[
y1, y2, . . . , yq

]T is a vector of
endogenous variables, the aim is to maximize the value of the expression:

rl =

(
wT

x Rxywy
)√(

wT
x RxxwxwT

y Ryywy

) , (15)

where: Rxx—the correlation matrix of exogenous variables, Ryy—the correlation matrix
of endogenous variables, Rxy—the correlation matrix of both types of variables, wx, wy—
weights for the first and second type of canonical variables; rl—the canonical correlation co-
efficient.

The literature review concerning the application of canonical analysis indicates that
this technique remains one of the least commonly used statistical methods in social sciences.
Thus, it is also a rarely used tool in the context of the issues of living standards and
factors determining the level of this phenomenon. Here, we can mention the studies of
O.R. Ebenezer who conducted a canonical analysis which showed that there is a positive
correlation between the levels of poverty and literacy concerning data from the state of
Ekiti in central Nigeria [88]. In contrast, K. Chin-Tsai [89] conducted a canonical analysis to
evaluate correlations between quality of life and professional satisfaction among cyclists.
In the context of energy sources, a canonical analysis has been used, for instance, by T.
Saeed and G.A. Tularam [90] to identify relationships between fossil fuel prices (oil, natural
gas and coal) and climate change (expressed by variables related to green energy, carbon
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emissions, temperature and precipitation indexes). F.J. Santos-Allamilos et al. [91] used a
canonical analysis to assess the spatio-temporal balance between regional resources of solar
and wind energy. The conducted analysis indicated the optimal distribution of wind farms
and solar power plants throughout the analysed territory (south of the Iberian Peninsula)
to minimise the variability of total energy contribution in the power system.

It appears that the relatively low popularity of this tool among researchers and in
economic analyses (compared to, for example, classical correlation analysis or regression
analysis) may result from at least two reasons. Firstly, the method itself is quite complicated
(it requires knowledge of, e.g., multiple regression). Secondly, there are some difficulties in
interpreting the obtained results (e.g., a high number of determined indicators). Consider-
ing the multifaceted nature of both the standard of living and the level of renewable energy
development, the use of this multidimensional exploratory technique to assess interac-
tions occurring between the two appears substantiated. In the context of the multifaceted
phenomena analysis, the use of, e.g., multiple regression models and separate analysis of
each endogenous variable (in this case, concerning the standard of living), could entail
certain “information noise” and thus the risk of narrowing down and distorting the results
of conducted analyses. This may result in the loss of crucial information concerning the
correlation occurring in the set of endogenous variables. Furthermore, it appears insuffi-
cient to conduct only a classical correlation analysis (e.g., Pearson’s) for pairs of studied
variables, as it does not take into account the correlations occurring within the analysed
sets of variables.

At this point, it should be noted that to obtain reliable results of the analysis, it is
necessary to operate on a sufficiently large sample. T. Panek and J. Zwierzchowski [92]
believe that a sample size of 50 observations may be considered sufficient. Therefore, to
increase the reliability of results obtained based on the canonical analysis, the following
assumptions were made:

• to describe a pre-selected set of variables characterising the standard of living, data
aggregated at the level of NUTS-2 regions were used. Due to frequent data gaps
for some regions: Guadeloupe (French overseas department in Central America),
Martinique (French overseas department in the Caribbean Islands), Guyane (French
overseas department located in the north-eastern part of South America on the Atlantic
Ocean), Mayotte (French overseas department in the Indian Ocean) and La Réunion
(French overseas department in the Indian Ocean)—those regions were excluded from
further analyses. Ultimately, 235 EU regions were included in the canonical analysis,

• in the case of variables concerning the renewable energy sources, it was assumed that
their values were distributed proportionally to the number of residents of those regions.
It resulted from the lack of statistical data aggregated at the NUTS-2 regional level,

• due to lack of regional data for variables: S11, S16, S19, S25, S26, S27 and S28, it was
assumed that values of these variables are identical across the country,

• if no data were available for 2019, data for 2018 were included.

The results of the canonical analysis are sensitive to outliers. For this reason, it was
preceded by the analysis of the internal structure of studied variables to identify outlier
observations that may arise, for example, from transcription errors. For this purpose, the
“three-sigma” rule was applied (see [93,94]), according to which, observations outside the
range [mean3*standard deviation; mean+3*standard deviation] are eliminated. If outliers
were identified, they were replaced with average values calculated for all regions of a given
country, in which there where units characterised by partial variables exceeding the limit
values. Such a necessity occurred 17 times for the set of variables concerning the standard
of living (14 times as a result of exceeding the upper limit of the aforementioned range and
3 times the lower limit) and 7 times for the level of renewable energy development (as a
result of exceeding the upper limit of the range).

In the canonical analysis, the key issue is to determine (by testing the statistical
significance) how many pairs of canonical variables should undergo an in-depth evaluation.
In significance tests in the canonical correlation analysis, the null hypothesis assumes that
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there are no correlations between two sets of input variables. The null hypothesis was
verified using the Λ-Wilks canonical correlation significance test (Wilks’ lambda). The test
statistic for the s-k set of variables adopts the following form [95,96]:

Λk =
s

∏
l=k

(
1− r2

l

)
(16)

where: s—number of canonical elements, k—number of removed canonical elements, r2
l a

squared canonical correlation coefficient for the l-th canonical variable.
This statistic is characterised by the Λ-Wilks’ probability distribution, assuming the

truth of the null hypothesis with parameters n—1, p, q.
To facilitate the interpretation of canonical weights, the literature on the subjects

includes recommendations for using a standardised data matrix [92]. For this reason
(as mentioned earlier), both analysed sets of variables were subjected to a standardisa-
tion process.

As part of the conducted analyses, values of extracted variance were determined
for each generated canonical variable. Such an indicator provides information about the
percentage of the input variable variance explained by the said canonical variables. It is
determined by adding the squares of canonical factor loadings located by a given variable
in the set for a particular canonical root and subsequently dividing the result by the number
of variables. The analytical form of the indicator may be presented as follows:

R2
ul
=

1
q

q

∑
j=1

c2
jl orR2

vl
=

1
m− q

m

∑
j=q+1

d2
jl , l = 1, 2, . . . , s, (17)

where: q—the number of input variables; cjl—is the canonical factor loading of the j-th
basic variable and the l-th canonical variable of the first type; djl—is the canonical factor
loading of the j-th basic variable and the l-th canonical variable of the second type.

The product of the said mean and the square of the canonical correlations, referred
to as the redundancy index, was subsequently determined (more information in [97]). Its
value indicates how much of the average variance in one set is explained by a particular
canonical variable, with another given set of variables. The analytical form of this index
may be presented as follows:

R2
ul ,x2 = R2

ul
· λl or R2

vl ,x1 = R2
vl
· λl , l = 1, 2, . . . , s, (18)

where: λl—the characteristic element of the square matrix of canonical correlation.
The said index is also referred to as the composite coefficient of determination or

composite determination.
A single significance level of α = 0.05 was assumed throughout the analysis, which

covered only those “categories”, for which the p-value was less than the assumed signifi-
cance level.

4. Study Results: A Multivariate Analysis of Correlations Between the Standard of
Living of the EU Residents and the Level of Renewable Energy Development

Countries of the European Union are significantly differentiated and disproportionate
in terms of infrastructure and equipment supporting the development of RES, the system
of obtaining energy from renewable sources and the share of RES in energy consumption.
As a result, the constructed synthetic measures of the renewable energy development level
exhibited relatively high variation. Significant discrepancies between energy systems (and
energy intensity of economies) of the EU countries are influenced by numerous factors,
among which the most important are [30]: geographic location and endowment with
natural resources; energy, transport and housing infrastructure facilities; human capital;
equipment with capital and access to assistance programmes and support funds; interest
in and acceptance of solutions applying RES; innovativeness of the economy (enterprises)
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and equipment in R&D facilities; historical and political conditions of local, regional and
national scale.

The highest value of the TOPSIS-based measure of renewable energy development
level (over 0.56) was recorded in Sweden (see Table 3). In recent years, residents of Sweden
have dramatically reduced the use of fossil fuels (Sweden pays the highest carbon tax in
the world) and became significantly involved in the development of renewable energy.
They adopted a policy of developing energy clusters based on modern technology and RES,
and aim to generate energy exclusively from renewable energy sources by 2040. Austria
(where the synthetic measure of the renewable energy development level was over 0.43)
and Denmark (0.42) were placed at further positions in the created ranking. Austrian
energy is based primarily on hydropower, and it is assumed that it will be completely
derived from renewable energy sources by 2030. In turn, Denmark is the global energy
leader in the wind sector, assumed to completely transition to renewable energy by 2050.

Table 3. Values of the synthetic measures of the standard of living and renewable energy develop-
ment level.

Standard of Living Renewable Energy

Country I Country II

Sweden 0.5432 Sweden 0.5628
France 0.5200 Austria 0.4312
Finland 0.5114 Denmark 0.4189
Germany 0.5005 Italy 0.3869
Netherlands 0.4921 Germany 0.3644
Malta 0.4900 Finland 0.3549
Belgium 0.4879 Cyprus 0.3365
Estonia 0.4859 Portugal 0.3285
Austria 0.4819 Greece 0.3079
Cyprus 0.4788 Netherlands 0.2819
Ireland 0.4787 Ireland 0.2735
Denmark 0.4722 Belgium 0.2543
Spain 0.4680 Spain 0.2510
Luxembourg 0.4652 France 0.2345
Czechia 0.4558 Malta 0.2278
Lithuania 0.4495 Luxembourg 0.2081
Poland 0.4397 Croatia 0.1937
Slovenia 0.4261 Slovenia 0.1918
Slovakia 0.4260 Latvia 0.1884
Portugal 0.4179 Romania 0.1725
Bulgaria 0.4146 Bulgaria 0.1521
Greece 0.3999 Czechia 0.1440
Romania 0.3855 Slovakia 0.1249
Croatia 0.3830 Estonia 0.1214
Latvia 0.3826 Hungary 0.1129
Italy 0.3815 Lithuania 0.0877
Hungary 0.3727 Poland 0.0747

Variation

AA 0.4522 AA 0.2514
Vs [in %] 10.5792% Vs (in %) 47.3466%
SD 0.0478 SD 0.1190
MED 0.4652 MED 0.2345
Q1 0.4162 Q1 0.1623
Q3 0.4869 Q3 0.3325

I—Synthetic measure of the standard of living, II—Synthetic measure of the renewable energy development level,
AA—arithmetic average, Vs—coefficient of variation, SD—standard deviation, MED—median, Q1—first quartile,
Q3—third quartile. Source: Own study based on [8].
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Sweden, Austria and Denmark assumed leading positions in the world’s 2020 energy
transition ranking compiled by the World Economic Forum (Energy Transition Index—
ETI). The ranking classifies countries according to the performance of their current energy
systems and readiness for the energy transition. Sweden assumed the top global position
in this respect; Denmark placed fourth while Austria ranked sixth (more information: [98]).

High values of the constructed synthetic measures of the renewable energy develop-
ment level in these countries are derived from high or very high values of partial variables
concerning primarily the share of renewable energy in final electricity consumption, the
production of electricity and derived heat based on renewable municipal waste, as well as
the production of electricity and derived heat based on wind energy.

What draws attention is that ten countries rated lowest in terms of the renewable
energy development level are relatively new members of the European Union (all of these
countries joined the Community in 2004 or later). These countries recorded low or very
low values of the analysed partial variables used to construct the synthetic measure. In
particular, they included variables concerning the production of electricity and derived heat
based on renewable municipal waste and wind energy, as well as the solar collector surface.

Poland was the lowest-rated country in this respect. According to the data from
Statistics Poland, the share of energy from renewable sources in the acquisition of total
primary energy increased from 13.25% in 2015 to 15.96% in 2019. In 2019, the share of
renewable energy in gross final energy consumption in power engineering increased by
1.31 percentage points compared to the previous year. Factors contributing to the increase
in this measure consisted of a rise in gross final renewable electricity consumption (by
9.52%) and a decrease in gross final renewable electricity consumption (by 0.81%). Energy
derived from renewable sources in Poland in 2019 comes primarily from solid biofuels
(65.56%), wind energy (13.72%) and liquid biofuels (10.36%) [99].

For the partial variables included in the study, the coefficient of variation for the
constructed measure of the level of renewable energy development was over 47%, while
the standard deviation was nearly 0.12 (with a mean value of nearly 0.25). This confirms
the significant variation in the level of renewable energy development in the European
Union. The said measure was characterised by right-side asymmetry (the classical asym-
metry coefficient was 0.66), which indicates the prevalence of values not exceeding the
arithmetic mean.

In turn, the assessment of the standard of living of the European Union population
based on the synthetic measures constructed shows that the highest level of this phe-
nomenon (for the partial variables considered) occurred in the case of Sweden (where the
synthetic measure of the standard of living was over 0.54), France (0.52) and Finland (0.51).
High values for variables related to such things as the number of students enrolled in
early childhood education, average wages, nights spent in tourist accommodation, and the
average number of rooms per person were reported in the case of these countries.

In turn, for the included partial variables, the lowest values of the synthetic measure of
the standard of living were characteristic of Hungary (0.37), Italy and Latvia (slightly over
0.38 each). These countries recorded relatively low values of partial variables concerning,
for example, the number of doctors per 1000 inhabitants, the average number of rooms per
person and the percentage of people with higher education.

The synthetic measure of the standard of living of the European Union inhabitants was
characterised by left-side asymmetry, which indicates that most countries recorded values
above the level of the arithmetic mean. The classical asymmetry coefficient was −0.06,
which allowed assessing the degree of the asymmetry as weak. The classical variation
coefficient was less than 10.5%, which indicates a relatively weak differentiation of the
analysed phenomenon (for the analysed set of partial variables). In the case of three-
quarters of the EU countries, the value of the synthetic measure did not exceed 0.49 (with a
minimum value of 0.37 and a maximum value of 0.54).

To conduct more in-depth analyses, the EU countries were classified using the previ-
ously discussed PAM method (Table 4). The identified groups incorporate countries with
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similar standards of living and levels of renewable energy development, yet the composi-
tion of a given group does not provide information about the degree of development of the
analysed phenomenon. The PAM method (or non-linear ordering methods in general) does
not allow determining the hierarchy of the analysed multifaceted objects. The obtained
grouping results may be compared with results of the linear ordering (in this case, the
results obtained using the TOPSIS method), although they may not completely coincide.
To facilitate interpretation, the results of the classification procedure were presented in
a tabular form and numbered in descending order according to the arithmetic means of
synthetic measures (obtained using the TOPSIS method) within a given group.

Table 4. Results of grouping the EU countries according to the standard of living and the level of renewable energy
development.

Standard of Living

I II III IV

Estonia, Finland, Sweden

Belgium, Denmark, Germany,
Ireland, France, Cyprus,
Luxembourg, Malta,
Netherlands, Austria

Greece, Spain, Italy

Bulgaria, Czechia, Croatia,
Latvia, Lithuania, Hungary,
Poland, Portugal, Romania,
Slovenia, Slovakia

Renewable Energy

Sweden

Denmark, Germany,
Ireland, Greece,
Spain, France,
Italy, Austria,
Portugal, Finland

Cyprus

Belgium, Bulgaria,
Czechia, Estonia
Croatia, Latvia, Lithuania
Luxembourg, Hungary
Malta, Netherlands
Poland, Romania
Slovenia, Slovakia

Source: Own study based on [8].

With regard to the results of grouping EU countries according to the standard of
living of their inhabitants using the PAM method, the last group was the most numerous
(11 countries). Group IV included the highest number of countries (15) also in terms of
the level of renewable energy development. In the case of both the standard of living of
the inhabitants and the level of renewable energy development, group I, characterised
by the highest level of analysed phenomena, was relatively small (3 countries and 1
country, respectively). The application of the PAM method allowed identifying certain
regularities, including:

• the last group distinguished due to the standard of living of the inhabitants included
the majority of countries that joined the EU in 2004 and later (Croatia),

• Sweden was placed in the first group due to the standard of living and the level of
renewable energy development.

• as many as 10 countries ranked in the lowest-rated group in terms of the standard of
living and the level of RES development (Bulgaria, Czech Republic, Croatia, Latvia,
Lithuania, Hungary, Poland, Romania, Slovenia and Slovakia).

• Estonia was the only country ranked in the highest-rated group due to the stan-
dard of living and simultaneously in the lowest-rated due to the level of renewable
energy development.

In the next step, a correlation analysis was conducted to examine the relationship
between the standard of living of the EU residents and the level of renewable energy
development (measured using the author’s synthetic measures). For this purpose, the
non-parametric Spearman’s rank correlation coefficient was applied.

Spearman’s rank correlation coefficient is not only more resistant to outliers than
the commonly used Pearson’s correlation coefficient, but it is also recommended if the
sample distribution does not meet the assumption of a normal distribution [100]. The
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value of Spearman’s rank correlation coefficient between the synthetic measure of the
standard of living of the EU residents and the level of renewable energy development was
0.4652, which allows assessing the strength of this correlation as average. The determined
correlation coefficient was statistically significant at the significance level p < 0.05. For the
purpose of the in-depth study, a canonical analysis was conducted, which determines the
interdependencies between two sets of variables (rather than individual variables).

In the conducted canonical analysis, the number of generated canonical roots is equal
to the minimum number of variables included in one of the analysed sets. In this case,
it is eight canonical variables (roots), since this is the size of the reduced set of variables
describing the level of renewable energy development. The first generated pair of canonical
variables, which synthetically illustrates correlations between the analysed sets of variables,
explains the majority of relationships between these sets. In practice, most attention is
paid to the correlation for the first canonical variable. However, it is necessary to bear in
mind that the first pair of canonical variables does not completely explain the relationships
between the variables under study. Therefore, it becomes necessary to determine successive
pairs of canonical roots that explain relationships in other (less significant) dimensions.
Calculations are conducted until all canonical variables are determined—their number is
equal to the minimum number of variables in any of the sets. Only statistically significant
canonical variables should be subject to in-depth analysis. To identify such variables, the
previously described Wilks’ lambda test was conducted (Table 5).

Table 5. Wilks’ lambda test results.

Root Removed Canonical
Correlation χ2 Test Value

Number of Degrees of
Freedom for χ2 Test

Probability Level
p for χ2 Test

Value of Wilks’
Lambda Statistics

0 0.9400 1290.3840 184 0.0000 0.0027
1 0.8354 821.5867 154 0.0000 0.0231
2 0.7428 560.6475 126 0.0000 0.0764
3 0.6642 385.7014 100 0.0000 0.1705
4 0.6197 258.8623 76 0.0000 0.3050
5 0.5317 153.2339 54 0.0000 0.4951
6 0.4853 80.7912 34 0.0000 0.6903
7 0.3115 22.2584 16 0.1351 0.9029

Source: Own study based on [8].

In the last isolated pair, canonical variables do not correlate with each other in a
statistically significant manner, therefore they were omitted in further description and in-
terpretation.

In the first stage of the study, canonical weights were determined (as part of the
canonical analysis) for the first pair of canonical variables that has the greatest contribution
in explaining correlations between the analysed phenomena. Then, the magnitudes of
weights for subsequent statistically significant canonical variables were determined. The
weights created for standardised sets of variables are equivalent to beta coefficients in
multiple regression. They inform about the contribution of each variable to the generated
weighted sum. As their absolute value increases, so does the contribution (positive or
negative) in the generation of the canonical variable.

Since the variables used for canonical analysis were subjected to the standardisation
process, it is possible to directly compare the absolute values of the canonical weights
determined (Table 6). Based on the conducted calculations, it is possible to conclude that
for the first canonical variable, the S11 (0.7501) and R6 (0.4637) variables exhibit the greatest
(absolute) weight values. Therefore, it can be assumed that the first canonical variable was
the most significantly influenced by the correlation between the average wage and the share
of renewable energy in final electricity consumption. For the assumed partial variables,
the greatest contribution in the determination of the second canonical variable was made
by variables S27 (−0.8422), describing the forestation rate, and R8 (0.7086), referring to
the share of energy from renewable sources in energy used in transport. Variables S16
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(the percentage of people at risk of poverty and social exclusion) and R3 (production of
electricity and derived heat based on photovoltaic energy) had the greatest contribution
in the generation of the third canonical variable, while the fourth canonical variable was
influenced mostly by variables S10 (the percentage of people with higher education) and
R5 (production of electricity and derived heat based on renewable municipal waste).
Variables S18 and R1, S26 and R5, as well as S13 and R5 had the greatest contribution in
the determination of the fifth, sixth and seventh canonical variables, respectively. Due
to the large number of variables used and statistically significant, canonical variables
generated, results of the canonical analysis were presented in a tabular form rather than
using canonical models.

Table 6. Canonical weights and factor loadings.

Canonical Weights Factor Loadings

Variables Related to the Standard of Living of Residents

I II III IV V VI VII 1 II III IV V VI VII

S2 0.01 −0.07 −0.31 −0.48 −0.37 0.29 −0.01 0.17 0.33 −0.35 −0.14 −0.35 0.15 0.22
S3 0.03 0.01 0.03 −0.25 −0.08 0.10 0.11 −0.02 −0.02 −0.15 −0.15 −0.09 0.05 −0.04
S4 0.09 −0.11 −0.23 −0.12 −0.15 0.05 0.09 −0.28 −0.04 −0.13 −0.12 −0.22 −0.08 0.09
S5 0.06 −0.07 0.30 0.34 0.06 −0.04 0.30 0.15 0.29 0.18 0.02 −0.06 −0.08 0.37
S7 −0.23 0.36 0.09 −0.11 0.17 0.16 −0.57 0.17 0.35 0.30 0.37 −0.30 0.16 −0.24
S8 −0.07 0.22 −0.10 0.21 0.27 −0.32 0.32 −0.22 −0.24 −0.02 0.17 0.20 0.11 −0.25
S10 −0.13 0.30 0.16 0.77 −0.10 −0.52 0.08 0.29 0.50 −0.12 0.18 −0.17 −0.17 −0.06
S11 0.75 −0.08 −0.40 −0.29 −0.03 −1.22 −0.70 0.48 0.25 −0.09 −0.39 0.32 −0.28 −0.12
S13 −0.64 −0.24 0.11 −0.22 −0.76 1.19 −1.64 −0.20 −0.33 −0.10 0.15 0.23 0.15 −0.40
S15 0.50 −0.02 −0.07 0.28 0.50 −1.20 1.31 −0.06 −0.24 −0.06 0.20 0.28 0.17 −0.36
S16 −0.54 −0.12 0.77 −0.43 0.30 0.15 −0.52 −0.22 −0.34 0.18 −0.30 0.56 0.01 −0.09
S17 −0.20 −0.30 −0.20 −0.06 −0.71 −0.21 0.27 −0.28 −0.28 0.04 −0.20 −0.35 −0.30 0.46
S18 0.15 0.00 * −0.46 −0.11 0.78 −0.11 0.29 0.15 −0.34 −0.37 −0.19 0.38 −0.10 0.20
S19 −0.24 0.41 0.45 0.01 0.23 −0.60 0.08 0.16 0.17 0.17 0.00 * −0.13 −0.23 0.45
S20 −0.19 −0.13 0.16 −0.32 −0.06 −0.39 −0.11 0.01 −0.20 −0.18 −0.08 0.02 −0.08 0.12
S21 0.06 0.03 0.34 0.02 0.35 −0.02 0.58 0.19 0.04 0.35 −0.19 0.37 0.07 0.35
S22 0.20 −0.01 −0.49 0.49 −0.07 0.70 −0.13 0.10 −0.06 −0.23 0.23 0.24 0.25 0.09
S23 −0.15 0.09 −0.12 −0.03 −0.09 0.20 0.11 −0.01 −0.01 0.11 −0.17 0.13 0.08 −0.06
S24 0.08 −0.22 0.28 −0.10 −0.21 −0.18 −0.25 0.03 0.20 −0.02 −0.15 −0.14 −0.13 −0.36
S25 0.23 −0.4 −0.28 0.21 0.00 * 0.29 −0.05 −0.18 −0.40 0.06 0.36 −0.22 −0.20 −0.10
S26 −0.06 −0.08 −0.61 0.04 −0.11 1.62 0.32 0.23 0.43 −0.14 −0.33 0.25 0.01 0.06
S27 0.73 −0.84 0.17 0.2 −0.59 0.53 0.03 0.68 −0.32 0.40 0.10 −0.16 0.21 0.08
S28 −0.02 0.46 0.25 −0.63 0.08 0.28 −0.17 0.49 0.41 0.29 −0.32 −0.21 0.09 0.01

Variables Related to the Level of Renewable Energy Development

I II III IV V VI VII I II III IV V VI VII

R1 0.33 −0.4 0.15 0.64 −1.02 −0.01 −0.01 0.79 −0.12 −0.01 0.24 −0.51 0.06 −0.14
R2 0.01 0.56 −0.59 1.23 0.03 0.50 1.14 0.52 0.43 −0.51 0.39 0.14 −0.22 −0.06
R3 −0.01 0.06 −0.75 −0.60 −0.32 0.83 0.25 −0.02 0.23 −0.72 −0.25 −0.32 0.38 −0.22
R5 0.25 0.10 0.22 −1.01 0.18 −1.09 −1.53 0.63 0.51 −0.25 −0.01 −0.07 −0.26 −0.38
R6 0.46 −0.67 −0.40 −0.66 0.51 −0.26 0.19 0.78 −0.40 −0.18 −0.06 0.35 −0.10 0.23
R8 0.30 0.71 0.46 −0.06 0.29 0.80 0.42 0.76 0.34 0.40 −0.09 0.12 0.35 0.04
R9 −0.04 −0.28 0.04 0.34 0.45 0.31 −0.81 0.12 −0.28 −0.16 0.40 0.38 0.49 −0.59
R10 −0.03 0.22 0.08 0.19 0.29 −0.53 −0.23 −0.02 0.26 −0.48 0.13 0.01 −0.11 −0.02

* The value 0.00 results from the adopted format of data presentation. In reality, a value greater than 0. Source: Own study based on [8].

In the subsequent step, canonical factor loadings and redundancy values were de-
termined (see Table 7). Factor loadings are interpreted as values of correlation between
canonical and interchangeable variables in each analysed set. The greater they are (in terms
of an absolute value), the more emphasis should be placed on this variable during the
interpreting. T. Panek and J. Zwierzchowski [92] recommend interpreting variables for
which the square of this correlation coefficient is greater than 0.50. In turn, G. Więcek and
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A. Sękowski [101] propose analysing only those variables for which the value of loads (not
their squares) is greater than 0.30. For this analysis, it was assumed that the critical value of
the correlation coefficient square is 0.20 (to facilitate the interpretation, those values were
presented in Table 6 in bold and italics).

Table 7. Isolated variances and redundancies.

Specification
Set of Variables Related to the Level of RES

Development
Set of Variables Reflecting the Standard of

Living of the EU Inhabitants

Isolated Variance Redundancy Isolated Variance Redundancy

First canonical variable 0.3112 0.2749 0.0685 0.0605
Second canonical variable 0.1163 0.0812 0.0821 0.0573
Third canonical variable 0.1613 0.0890 0.0437 0.0241
Fourth canonical variable 0.0571 0.0252 0.0491 0.0216
Fifth canonical variable 0.0831 0.0319 0.0689 0.0265
Sixth canonical variable 0.0803 0.0227 0.0250 0.0071
Seventh canonical variable 0.0771 0.0182 0.0601 0.0142

Source: Own study based on [8].

In the set of variables concerning the standard of living of the residents, for the first
canonical root, the highest factor loading is presented by variable S27 (0.6762); for the
second canonical variable, the highest factor load is shown by variable S10 (0.4852), for the
third—variable S27 (0.3987), for the fourth—variable S11 (−0.3931), and the fifth—variable
S17 (−0.3477). For the last two significantly static canonical roots, the greatest factor
loadings were exhibited by variables S17 and S13 (-0.3031 and -0.3986, respectively). With
regard to the set of variables concerning the renewable energy development level, for the
first canonical variable, the highest factor loading is carried by variable R1 (0.7932), for the
second—variable R5 (0.5088), for the third—variable R3 (−0.7187), for the fourth—variable
R9 (0.3963), for the fifth—variable R1 (−0.5072), for the sixth and seventh—variable R9
(0.4900 and −0.5868, respectively).

In the literature on the topic, there are opinions, which claim that, in the interpretation
of results obtained based on the canonical analysis, the interpretation of individual variables
should be conducted using values of canonical factor loadings. This is substantiated by
the fact that they are easy to understand intuitively. However, it is necessary to note that
the values of such coefficients indicate correlations of individual input variables with
canonical variables and, unlike the canonical weights, do not take into account the effects of
covariance within a given set of input variables. As a result, the interpretation of canonical
roots based on the values of correlation coefficients may lead to different conclusions than
a more complete “multidimensional” interpretation based on canonical weights [93].

Based on the values of canonical weights and factor loadings, it can be concluded that
the first statistically significant canonical root explained the following relationships:

• the higher the production of electricity and derived heat based on hydroenergy (R1),
wind energy (R2) and renewable municipal waste (R5), the higher the average wage
of workers (S11);

• the higher the production of electricity and derived heat based on hydroenergy (R1),
wind energy (R2) and renewable municipal waste (R5), the lower the generation of
hazardous waste (S28),

• as the share of renewable energy in final electricity consumption (R6) and the share
of renewable energy in energy consumption in transport (R8) increase, so does the
forestation rate. Therefore, it is possible to presume that activities related to the
“greening” of the economy go hand in hand.

Based on the values of canonical weights and factor loadings for the second canonical
root, it can be concluded that there is a positive correlation between the production of
electricity and derived heat based on renewable municipal waste and the percentage of
people with higher education in the age group 25–64 (S10). In turn, based on the fourth



Energies 2021, 14, 2186 27 of 35

canonical root (or, more precisely, its weights and canonical loads), it can be concluded
that the percentage of people at risk of poverty and social exclusion (S16) decreases as the
production of electricity and derived heat based on hydroenergy (R1) increases. However,
based on the values of canonical weights and factor loadings for the last necessary signifi-
cant variable, it may be concluded that, as the installed heat pump capacity (R9) increases,
the percentage of people with chronic diseases or health problems (S19) decreases.

When analysing factor loading values for the third, fourth and sixth canonical roots, it
is possible to notice that in at least one analysed set, the square of the correlation coefficient
between canonical variables and partial variables was less than 0.2 for all considered
variables. For this reason, such canonical variables were not interpreted in terms of factor
loadings and canonical weights.

In the subsequent step, the mean of the factor loading squares of every analysed
set was determined for each statistically significant canonical variable, thus obtaining an
indicator referred to as the extracted variance. In turn, by multiplying the said mean by the
square of the canonical correlation, the redundancy value was obtained. The table below
presents the values of the extracted (isolated) variance and redundancies (Table 7).

The most statistically significant canonical variable isolates more than 31% of the
variance in the set of variables relating to the level of renewable energy development and
nearly 7% in the second set (concerning the standard of living of EU residents). In turn, the
second and third canonical variables isolate respectively 11.6% and 16% of the variance in
the set describing RES, as well as 8% and 4% in the set of variables related to the standard
of living. In the case of subsequent canonical variables, the degree of variance isolation in
the set concerning the level of renewable energy development is significantly smaller; in
the second set, the extracted (isolated) variance did not exceed 7%. The last statistically
significant canonical variable isolates nearly 8% of the variance in the first set and 6% in
the second set.

For the set of variables related to the standard of living of the EU residents, it is
possible to explain 6.1%, 5.7%, 2.4%, 2.2%, 2.7%, 0.7%, and 1.4% of the variance of the
set of variables describing the level of renewable energy development, respectively. In
turn, with regard to the set of primary variables concerning the level of renewable energy
development, it is possible to explain 27.5%, 8.1%, 8.9%, 2.5%, 3.2%, 2.3%, and 1.8% of the
variance based on the first seven statistically significant canonical variables, respectively.
Therefore, the fourth and subsequent statistically significant canonical variables already
make a small specific contribution to explaining this variation. When comparing the
amount of explained variance in both analysed sets of variables, it can be seen that in
terms of each generated canonical root, the group of variables describing the level of RES
development has a greater contribution to explaining the standard of living of the residents.
This results in a research-relevant conclusion: variables describing the RES development
level constitute a better predictor of variation in the standard of living that vice versa.

The next step involves the calculation of the total redundancy, interpreted as the
average percentage of the variance explained in one set of variables for a second given set,
based on all canonical variables. The conducted calculations show that the knowledge of
values of variables describing the renewable energy development level allows explaining
nearly 55.5% of the variance of variables from the set describing the standard of living of
the EU residents. This value may be assessed as relatively high, and to obtain even better
results, further research should be conducted in the future, using a different set of input
variables and a changed number of such variables.

When studying multidimensional correlations between the standard of living and
level of renewable energy development, it is worth noting the high and, more importantly,
statistically significant (see Table 5) canonical correlation values. However, at this point,
it should be emphasised that canonical correlation cannot be interpreted in the same
manner as classical correlation (e.g., Pearson’s). These values are interpreted as correlations
between the weighted sum values in each set and the weights calculated for subsequent
canonical variables. The value of the greatest and most statistically significant canonical
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correlation was 0.94. For the last (seventh) statistically significant canonical variable, this
value was nearly 0.49. The square of these canonical correlations constitutes a measure
of the degree of explanation, through linear relationships, of the variability of one set of
variables by the other input set, through successive pairs of canonical variables. For the
first statistically significant canonical variable, the square of the canonical correlation is
over 0.88, while for the second one, it is nearly 0.70. For the last statistically significant
canonical variable (seventh), this coefficient is close to 0.24. It can be assumed that this
generated model describes the analysed data sets relatively well.

The figure below presents the scatter plots of the first and last statistically significant
canonical variable (Figure 2). The OX axis refers to the set of variables concerning the level
of renewable energy development while the OY axis refers to the standard of living of the
EU inhabitants.
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For the first canonical variable, the scatter plot does not present any strong scatter of
points representing the analysed objects. These points are arranged along a straight line.
This indicates that the generated pairs of canonical variables carry a significant amount of
information about the covariance of the two analysed sets of input variables. The proximity
of most points (which in the case of canonical analysis represent the European Union
regions) may indicate a similar structure of input variables. In the scatter plot compiled for
the last statistically significant canonical variable, points representing the analysed objects
are also arranged along an upwardly inclined line, yet are more scattered relative to the
said line. This indicates that such a pair of canonical variables carries a significantly smaller
amount of information about the covariance of two analysed variables than the first pair of
canonical variables.

5. Conclusions

Initially, renewable energy was marginalised due to very high investment costs. How-
ever, their progressive decline indicates that renewable energy is currently perceived not
only as a source of energy but also as an instrument that facilitates resolving many other
global problems. Among other things, it is crucial for ensuring energy security, reducing
the effects of environmental contamination and mitigating the influence of excessive green-
house gas emissions, which is particularly important in the context of implementing the
concept of sustainable development. One of the basic tasks of the state consists in ensuring
energy security (especially important nowadays, from the perspective of the standard of
living) which should not, however, take place at the cost of environmental degradation.
Renewable energy sources generate zero to small amounts of pollution, which in the face
of a deteriorating condition of the natural environment is an undeniable advantage.
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The conducted studies aimed to detect correlations between the sets of variables
describing the standard of living of the EU inhabitants and the level of renewable energy
development. The canonical analysis appears to be the most appropriate statistical tool,
which may be used to study multidimensional interactions between two sets of variables.
Due to the multifaceted character of the analysed categories, the sole use of classical
correlation analysis or multiple regression analysis seems to be inadequate. According to
the author, for the analysis of socio-economic phenomena, it is important to popularise
the use of multidimensional exploratory methods (such as canonical analysis) to identify
correlations between compiled, multidimensional categories.

In the conducted studies, the canonical analysis was preceded by the creation of the
author’s synthetic measures and the determination of the correlation coefficient between
them. For the partial variables included in the study, the coefficient of variation for the
constructed measure of the level of renewable energy development was over 47%, while
the standard deviation was nearly 0.12 (with a mean value of nearly 0.25). This confirms
the significant variation in the level of renewable energy development in the European
Union. In turn, for the constructed synthetic measure of the standard of living, the classical
variation coefficient was less than 10.5%, which indicates a relatively weak differentiation
of the analysed phenomenon (for the analysed set of partial variables). In the case of
three-quarters of the EU countries, the value of the synthetic measure did not exceed 0.49
(with a minimum value of 0.37 and a maximum value of 0.54). Based on the conducted
correlation analysis, it can be concluded that there is a positive, moderate and statistically
significant correlation between the standard of living of the EU residents and the level
of renewable energy development (measured by synthetic measures constructed using
the TOPSIS method) (Spearman’s rank correlation coefficient was nearly 0.47). Seven
statistically significant canonical variables were identified using canonical analysis. Based
on the value of the redundancy coefficient determined as part of the canonical analysis,
it can be concluded that, with the knowledge of the considered variables describing the
level of renewable energy development in the EU, it is possible to explain nearly 55.5% of
the variance of variables from the set concerning the standard of living of the residents. In
other words, more than half of the variation associated with the standard of living of the
EU residents is determined by partial variables relating to the level of renewable energy
development that were taken into account. It should also be mentioned that high values
of canonical correlation coefficients were identified for statistically significant canonical
variables. For the most statistically significant canonical variable, this coefficient was 0.94,
while for the least statistically significant, it was 0.31.

The results of conducted studies (i.a. the ranking of countries in terms of the stan-
dard of living of the residents), can be used indirectly by, for example, central and self-
government authorities responsible for local and regional development (including under-
taking pro-social and pro-environmental actions) in the context of selecting the direction of
socio-economic restructuring of individual countries and self-government units (taking
into account the financial capacity of the society). Furthermore, the results of the studies
may indirectly prompt self-government authorities to undertake actions directed towards
more efficient use of the capacity for funding investment projects aimed to develop re-
newable energy technologies. Quantification of such important economic categories as the
standard of living and the renewable energy sources development level in comparison with
other areas may be conducive to initiating activities (e.g., of local authorities in shaping
sustainable development strategies) directed towards stimulation of development aimed
to achieve the highest standard of living while respecting natural resources. The conducted
studies and obtained results may constitute the starting point for further analyses using
different statistical methods (e.g., Granger causality analysis) and/or diagnostic variables,
or to encourage similar studies at the level of other countries and self-government units.
In further analyses, it would also be worth it to examine the spatial interactions between
the phenomena analysed, including analysing autocorrelation and spatial heterogeneity,
as well as constructing spatial regression models (including SEM and SLM models). It
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is possible to consider weighting the applied diagnostic variables based on expert opin-
ions and/or statistical methods, which, however, in the case of spatial unit analyses, is a
controversial solution.
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Appendix A

Table A1. Data on the standard of living—part 1.

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

Belgium 81.70 5.80 377.30 3.80 1.62 29.00 39.29 12.80 37.42 1.00 47.50 24193.00 41450.00 2.30 69.00 5.40

Bulgaria 75.00 −7.00 63.40 5.80 1.56 26.20 31.55 17.50 28.65 1.00 32.50 7051.00 8780.00 2.40 73.20 4.20

Czechia 79.10 4.10 138.20 2.60 1.71 28.40 34.40 13.20 37.41 1.00 35.10 11996.00 20990.00 0.60 76.70 2.00

Denmark 81.00 2.90 138.50 3.70 1.73 29.50 30.68 10.00 41.41 1.00 49.00 33932.00 53760.00 0.80 79.10 5.00

Germany 81.00 1.80 235.20 3.20 1.57 29.70 28.41 9.30 54.50 1.00 35.50 26128.00 41510.00 1.20 79.20 3.10

Estonia 78.50 3.10 30.50 1.60 1.67 27.70 50.60 11.60 29.65 1.00 46.20 13193.00 21220.00 0.90 78.90 4.40

Ireland 82.30 12.20 71.90 2.90 1.75 30.50 25.06 12.60 48.24 1.00 55.40 32644.00 72260.00 1.60 73.30 5.00

Greece 81.90 −0.60 82.40 3.50 1.35 30.40 14.16 20.70 30.15 1.00 43.10 10068.00 17110.00 12.20 68.40 17.30

Spain 83.50 8.40 93.80 2.70 1.26 31.00 27.61 16.00 35.42 1.00 44.70 19135.00 26430.00 5.30 73.80 14.10

France 82.90 2.10 106.10 3.80 1.88 28.70 37.86 14.00 50.30 1.00 47.50 27062.00 35960.00 3.40 71.70 8.50

Croatia 78.20 −4.40 72.80 4.20 1.47 28.80 28.10 15.00 42.81 1.00 33.10 9227.00 13340.00 2.40 66.50 6.60

Italy 83.40 −2.90 201.50 2.80 1.29 31.20 24.71 23.80 29.42 1.00 27.60 20570.00 29660.00 5.60 65.70 10.00

Cyprus 82.90 13.70 95.70 2.40 1.32 29.80 27.97 14.60 30.63 1.00 58.80 21492.00 25310.00 2.10 76.00 7.10

Latvia 75.10 −6.40 30.20 3.20 1.60 27.20 40.31 12.00 29.43 1.00 45.70 10852.00 15920.00 2.40 77.30 6.30

Lithuania 76.00 0.00 44.60 3.40 1.63 27.80 37.01 11.60 58.82 1.00 57.80 10871.00 17460.00 1.90 78.00 6.30

Luxembourg 82.30 19.70 239.80 4.30 1.38 30.90 28.64 6.90 36.58 1.00 56.20 48452.00 102200.00 1.30 72.00 5.60

Hungary 76.20 −0.30 107.10 3.30 1.55 28.20 31.83 14.60 40.09 1.00 33.40 7458.00 14950.00 1.10 72.60 3.40

Malta 82.50 41.70 1595.10 5.60 1.23 29.20 19.10 9.60 25.89 1.00 38.10 17290.00 26670.00 0.90 75.90 3.60

Netherlands 81.90 7.20 507.30 3.50 1.59 30.00 27.49 7.00 46.43 1.00 51.40 27213.00 46710.00 1.00 80.90 3.40

Austria 81.80 4.80 107.60 2.70 1.47 29.50 29.04 9.20 38.52 1.00 42.40 28094.00 44780.00 1.10 77.10 4.50

Poland 77.70 −0.40 123.60 3.80 1.46 27.40 35.85 13.40 29.04 1.00 46.60 9317.00 13870.00 0.70 70.60 3.30

Portugal 81.50 1.90 113.00 3.30 1.42 29.80 23.38 9.50 35.62 1.00 36.20 12962.00 20740.00 2.80 75.50 6.50

Romania 75.30 −4.40 82.70 6.00 1.76 26.70 26.84 17.30 37.60 1.00 25.80 6196.00 11510.00 1.70 68.60 3.90

Slovenia 81.50 7.20 103.70 1.70 1.60 28.80 29.15 9.00 26.21 1.00 44.90 16048.00 23170.00 1.90 75.20 4.50

Slovakia 77.40 1.40 112.00 5.00 1.54 27.10 30.51 17.20 46.64 1.00 40.10 9869.00 17210.00 3.40 72.70 5.80

Finland 81.80 1.30 18.20 2.10 1.41 29.20 37.76 10.30 32.89 1.00 47.30 30065.00 43570.00 1.20 78.30 6.70

Sweden 82.60 9.50 25.20 2.00 1.76 29.30 45.26 6.40 37.37 1.00 52.50 27419.00 46160.00 0.90 82.90 6.80

Source: own study based on [8].

https://ec.europa.eu/eurostat/web/main/data/database
https://ec.europa.eu/eurostat/web/main/data/database
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Table A2. Data on the standard of living—part 2.

S17 S18 S19 S20 S21 S22 S23 S24 S25 S26 S27 S28 S29 S30 S31 S32

Belgium 562.24 950.00 312.96 26.10 15.70 1860.06 760.71 46.00 0.84 511.00 57.75 5.10 2.10 22.58 5902.24 15.00

Bulgaria 756.91 735.00 421.71 21.60 32.00 1382.13 588.61 42.10 0.52 396.00 6.86 6.40 1.20 35.15 18535.87 13.10

Czechia 661.82 369.00 403.76 36.20 5.60 2802.33 1043.01 50.90 0.88 540.00 15.87 2.40 1.50 33.92 2621.03 11.10

Denmark 242.97 442.00 419.44 31.30 2.80 3677.02 894.40 48.00 0.21 447.00 30.96 4.60 1.90 14.62 3693.70 8.40

Germany 800.23 6203.00 431.09 43.20 7.10 4188.11 1754.77 45.71 0.61 567.00 36.77 3.50 1.80 31.95 4884.70 25.20

Estonia 457.35 183.00 348.34 44.20 2.40 1956.05 1159.80 48.00 1.07 563.00 3.41 2.20 1.70 53.91 17500.93 10.20

Ireland 297.39 324.00 327.94 27.70 8.10 3322.74 1761.88 54.00 0.53 445.00 13.12 2.20 2.10 11.15 2851.97 6.50

Greece 419.77 1064.00 500.80 23.70 15.60 2202.70 854.44 49.50 3.53 487.00 0.00 5.60 1.20 29.55 4251.22 20.20

Spain 297.15 5374.00 402.08 29.20 7.80 3637.26 1433.42 61.48 1.13 513.00 30.80 2.20 1.90 36.70 2936.34 9.90

France 590.85 4851.00 317.08 38.00 3.00 4623.02 1831.68 50.00 0.44 478.00 18.43 4.20 1.90 27.12 5096.75 14.90

Croatia 561.25 210.00 344.06 36.60 12.40 1730.50 541.05 60.30 27.91 409.00 23.15 5.90 1.10 34.22 1359.91 5.90

Italy 314.05 5901.00 397.71 15.90 28.90 3579.82 1099.60 49.00 3.62 646.00 22.98 5.40 1.40 31.49 2857.92 12.40

Cyprus 330.09 79.00 407.32 38.80 39.40 1156.03 632.05 71.80 0.93 629.00 27.78 0.90 2.00 0.13 2628.32 8.40

Latvia 549.35 191.00 330.38 42.10 27.90 863.75 472.62 43.30 0.64 369.00 0.00 12.40 1.20 52.76 923.83 18.30

Lithuania 643.40 241.00 459.78 36.80 12.30 1719.37 751.48 44.00 1.34 512.00 4.96 5.40 1.60 33.70 2534.03 17.10

Luxembourg 450.70 22.00 298.49 25.10 16.60 566.15 202.22 30.87 0.69 676.00 63.81 3.20 2.00 34.30 14683.96 15.20

Hungary 701.29 470.00 338.37 39.70 12.10 1785.31 745.49 41.90 0.45 373.00 21.31 6.80 1.50 22.09 1879.67 12.40

Malta 430.84 88.00 397.21 30.50 14.40 962.30 407.40 66.20 0.49 608.00 0.00 1.40 2.20 1.46 5079.58 33.90

Netherlands 316.55 1868.00 366.96 32.20 6.20 4148.33 1492.09 50.20 0.51 494.00 66.35 1.70 2.00 8.87 8404.10 14.90

Austria 727.16 701.00 524.14 37.40 5.40 4120.70 1508.01 48.00 2.48 562.00 20.78 5.80 1.60 46.44 7412.55 10.50

Poland 653.69 1677.00 237.75 39.20 23.40 1966.12 742.57 41.70 0.30 617.00 5.24 8.10 1.10 30.29 4612.34 13.80

Portugal 344.51 934.00 442.42 41.20 14.80 2530.21 1137.99 51.05 0.70 514.00 33.23 5.40 1.70 35.91 1546.70 13.50

Romania 696.83 814.00 304.70 18.90 13.90 1268.17 546.22 39.72 0.42 332.00 3.45 4.10 1.10 29.07 10466.60 13.50

Slovenia 442.79 67.00 317.81 35.80 5.10 2115.91 733.83 43.99 4.60 549.00 30.73 4.50 1.60 61.16 3950.52 16.20

Slovakia 569.62 124.00 397.34 31.80 13.50 2050.79 707.96 36.16 0.63 426.00 9.83 1.40 1.20 39.28 2275.40 9.50

Finland 361.18 347.00 320.63 49.50 4.50 2906.83 1655.78 41.99 0.25 629.00 2.74 1.00 1.90 66.21 23232.55 9.40

Sweden 213.79 738.00 426.52 36.90 3.70 4613.31 2393.94 45.00 0.43 476.00 4.86 3.60 1.80 63.80 13554.75 6.60

Source: own study based on [8].

Table A3. Data on the level of development of renewable energy sources.

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11

Belgium 0.01 0.07 0.03 0.01 0.01 20.83 8.31 6.81 0.00 66.85 1.18

Bulgaria 0.04 0.02 0.02 0.00 0.00 23.51 35.51 7.89 0.00 60.78 0.09

Czechia 0.03 0.01 0.02 0.02 0.00 14.05 22.65 7.83 0.16 52.11 0.74

Denmark 0.00 0.24 0.01 0.01 0.01 65.35 48.02 7.17 0.00 329.85 0.55

Germany 0.03 0.13 0.05 0.03 0.01 40.82 14.55 7.68 0.08 232.79 0.59

Estonia 0.00 0.04 0.00 0.00 0.00 22.00 52.28 5.15 0.00 0.00 0.06

Ireland 0.02 0.18 0.00 0.00 0.01 36.49 6.32 8.93 0.00 68.71 0.42

Greece 0.03 0.06 0.04 0.00 0.00 31.30 30.19 4.05 0.79 453.86 0.21

Spain 0.05 0.10 0.02 0.00 0.00 36.93 18.87 7.61 0.59 93.95 0.79

France 0.08 0.04 0.02 0.00 0.00 22.38 22.46 9.25 0.87 49.16 0.32

Croatia 0.13 0.03 0.00 0.01 0.00 49.78 36.79 5.86 0.00 66.78 0.09

Italy 0.07 0.03 0.03 0.01 0.00 34.77 19.67 9.05 1.97 71.96 0.36

Cyprus 0.00 0.02 0.02 0.01 0.00 9.76 35.10 3.32 0.00 1237.71 0.16

Latvia 0.09 0.01 0.00 0.02 0.00 53.42 57.76 5.11 0.00 11.29 0.09
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Table A3. Cont.

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11

Lithuania 0.03 0.05 0.00 0.00 0.00 18.79 47.36 4.05 0.02 0.00 0.28

Luxembourg 0.13 0.04 0.02 0.01 0.01 10.86 8.71 7.66 0.02 112.77 0.46

Hungary 0.00 0.01 0.01 0.00 0.00 9.99 18.12 8.03 0.01 35.81 0.19

Malta 0.00 0.00 0.04 0.00 0.00 8.04 25.70 8.69 0.00 148.94 0.44

Netherlands 0.00 0.06 0.03 0.00 0.01 18.22 7.08 12.51 0.00 39.98 1.59

Austria 0.43 0.07 0.02 0.01 0.00 75.14 33.80 9.77 0.16 570.10 0.86

Poland 0.01 0.03 0.00 0.00 0.00 14.36 15.98 6.12 0.03 71.00 0.44

Portugal 0.09 0.11 0.01 0.00 0.00 53.77 41.65 9.09 1.02 131.17 0.84

Romania 0.07 0.03 0.01 0.00 0.00 41.71 25.74 7.85 0.00 10.53 0.32

Slovenia 0.19 0.00 0.01 0.00 0.00 32.63 32.16 7.98 0.00 107.80 0.36

Slovakia 0.07 0.00 0.01 0.01 0.00 21.95 19.70 8.31 0.13 0.00 0.48

Finland 0.19 0.09 0.00 0.01 0.01 38.07 57.49 21.29 0.00 13.23 1.86

Sweden 0.55 0.17 0.01 0.00 0.01 71.19 66.12 30.31 0.47 44.87 0.66

Source: own study based on [8].
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Wyszkowska, Z., Gotowska, M., Eds.; Wydawnictwo UTP: Bydgoszcz, Poland, 2013; pp. 11–24.
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