energies

Article

Comparison of Consumption and Renewable Sources of Energy
in European Union Countries—Sectoral Indicators, Economic
Conditions and Environmental Impacts

Anna Komarnicka 1-*

check for

updates
Citation: Komarnicka, A.;
Murawska, A. Comparison of
Consumption and Renewable Sources
of Energy in European Union
Countries—Sectoral Indicators,
Economic Conditions and
Environmental Impacts. Energies 2021,
14,3714. https://doi.org/10.3390/
enl4123714

Academic Editor: Robert Karaszewski

Received: 17 May 2021
Accepted: 18 June 2021
Published: 21 June 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Anna Murawska 2

Department of Organizational Innovation Management, Faculty of Management, UTP University of Science
and Technology in Bydgoszcz, 85-790 Bydgoszcz, Poland

Department of Economics and Marketing, Faculty of Management, UTP University of Science and
Technology in Bydgoszcz, 85-790 Bydgoszcz, Poland; anna.murawska@utp.edu.pl

Correspondence: anna.komarnicka@utp.edu.pl

Abstract: The use of energy is a precondition for global economic and civilisational development.
However, the growing demand for energy is depleting traditional energy resources and, most
importantly, causing environmental pollution, mainly through the emission of greenhouse gases.
As energy is necessary for the functioning of all sectors of the economy, such as industry, services,
transport as well as households, these sectors are the largest contributors to energy consumption.
Renewable energy sources are an alternative to generating energy from conventional fossil fuels.
The main objective of this paper was to determine and compare the level, trends and variation in
energy consumption by different economic sectors in countries of the European Union in 2010-2019.
An analysis of the share of renewable energy consumption in different economic sectors was also
carried out, as well as an assessment of the relationship of these indicators with the level of economic
development of the countries and environmental impacts in the form of greenhouse gas emissions
from energy consumption. To explore the topics under discussion, a dozen of indicators have
been considered in the article. The source of empirical data collected was the European Statistical
Office. The researched period covered the years 2010-2019. The empirical data was statistically
analysed. The article considers changes in the values of the studied indicators, differentiation
between countries and the results of correlation and regression analysis. As shown by the data from
2010-2019, the countries of the European Union vary significantly in respect of primary and final
energy consumption. The highest final energy consumption occurs in the transport sector, followed
by slightly lower consumption in the industrial sector and households sector and the lowest but also
significant consumption in the commercial and public services sector. Since 2010, total primary and
final energy consumption has decreased in the EU (27) countries. Total energy consumption and
consumption by individual sectors in modern economies of the EU (27) countries are reflected on the
one hand in economic development and on the other—in exacerbation of adverse climate changes.
Therefore, all EU Member States, aware of their energy consumption and their own contribution to
environmental pollution, should take effective and sustainable corrective action in this area as soon
as possible.

Keywords: energy consumption; renewable energy sources; greenhouse gas emission; economic
sectors; GDP per capita; comparison; European Union countries; variation

1. Introduction

Energy is recognised as a driver of a country’s economic growth, an essential com-
modity and an important tool for holistic development, while sustainable economic growth
requires sufficient and continuous availability of energy [1-3]. In other words, energy is
fundamental for socio-economic growth but, in addition to its positive effects, it is one of
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the main suppliers of GHG emissions. [4—6]. Energy can be used for a variety of purposes
and is acquired from many different sources [6] (p. 15).

Fossil fuels still represent the foundation of the global energy system [4]. At present,
roughly 81% of the global total primary energy production comes from fossil fuels, of
which oil accounts for 31.5%, coal—26.9% and natural gas—22.8%. Biofuels secured 9.3%,
nuclear energy—4.9% and hydropower—2.5% of global energy supply in 2018. By contrast,
only 2.1% of the world’s primary energy comes from solar, wind, geothermal or biomass
energy or other alternative energy sources. The above figures for total primary energy
supply are based on world energy balances and have been retrieved from the International
Energy Agency (IEA) [7].

It is well established that fossil fuels will be depleted in the future and their consump-
tion is the largest contributor to greenhouse gas emissions [2,8]. The global increase in
carbon dioxide concentrations from the burning of fossil fuels is a major driver of anthro-
pogenic climate change that might lead to catastrophic environmental damage [6,9-12].
Heavy dependence on the predominant energy sources, i.e., fossil fuels, has resulted in a
growing need to reduce the consumption of energy from conventional sources and replace
it with energy obtained from renewable sources [2,13,14]. The use of renewable energy
sources (RES) is gaining importance on European energy markets and is becoming an
important factor in meeting global energy demand [8,15]. According to numerous studies,
increased intensity of RES use may assist in the transformation towards a low-carbon future,
ensure diversity of energy supply and in the long term increase energy security for energy-
importing countries and reduce dependence of fossil energy supplies [2,4,8,10,11,14,16-18].
Enhancing renewable energy supplies may also play an important role in reducing global
warming and combating climate change by limiting the levels of harmful particulate matter
(smog) and reducing energy-related greenhouse gas emissions [4,18-21].

Concern for the natural environment and raising the share of renewable energy sources
in all countries and sectors, requires implementation of regulatory policies and necessitates
systemic changes towards a more sustainable economy [13,22-25]. Therefore, in Europe,
the European Union has not only assumed the responsibility to combat climate change
but has also for many years taken a number of measures to shape and promote energy
policy reform in the context of implementing energy transition—moving the use of fossil
fuels to renewable energy sources [16,22,26,27]. The legal basis of the European Union’s
climate and energy policy is comprised of, inter alia, the EU Emissions Trading System
(EU ETS) [28], the Directive on the promotion of the use of energy from renewable sources
(RED II) (2018/2001) [29], the Directive on energy efficiency (2018/2002) [30] and the
Directive on common rules for the internal market for electricity (2019/944) [31]. All of the
abovementioned policies were being developed at the same time and reformed practically
concurrently as part of individual policy packages [32]. The EU ETS, which is the flagship
example of EU climate policy and the world’s first and largest carbon dioxide emissions
trading scheme, was introduced in 2003 (2003/87/EC) [33] to promote the reduction of
greenhouse gas emissions in a cost-effective and economically efficient manner [22,34,35].
The EU emissions trading system was reformed in 2015 by the EU Decision (2015/1814)
“concerning the establishment and operation of a market stability reserve for the Union
greenhouse gas emission trading scheme” [36] (p. 1). However, a more substantial revision
of the previous Directive was made in 2018 by Decision of the European Parliament and
of the Council (EU) (2018/410) to enhance cost-effective emission reductions and low-
carbon investments [35]. The revised EU ETS Directive of 2018 regulates the fourth trading
period starting in 2021. This objective will be achieved through a package of interlinked
measures. First, the sectors covered by the EU ETS must reduce emissions by 43 per cent
below 2005 levels by 2030 [32,35]. In addition, to accelerate the process of reducing these
emissions, from 2021 onwards the total number of emission allowances will be reduced
at a rate of 2.2 per cent per year [32,35]. A second major EU climate and energy policy
instrument is the 2018 Directive of the European Parliament and of the Council (EU) on
the promotion of the use of energy from renewable sources (RED II) (2018/2001), which
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amended the previous 2009 Renewable Energy Directive (RED) (2009/28/EC) [29,32]. The
EU 2030 climate and energy framework sets targets for increasing the share of renewable
energy in the overall EU energy balance [10]. Thereby, a binding EU common target was
established for all Member States to achieve at least a 32% share of renewable energy by
2030 [18,29]. Another important element of European energy and climate policy and one of
the main drivers of sustainable development is energy efficiency [37]. As Cabeca et al. [38]
highlight, it is one of the simplest and cost-effective tools to reduce energy consumption
while contributing to greenhouse gas (GHG) reduction. The new Directive of the European
Parliament and of the Council (EU) (2018/2002), in force since December 2018, amended
the Directive of 25 October 2012 (2012/27/EU) on energy efficiency in order to adapt it
to a time perspective reaching 2030 [30]. According to the provisions of the new Energy
Efficiency Directive, a target of reducing primary or final energy consumption by at least
32.5% by 2030 at the EU level has been set [30]. Likewise, the Directive of the European
Parliament and of the Council (EU) (2019/944) of 5 June 2019 introduced a number of
amendments to existing directives which made an important contribution to the creation
of an internal market for electricity [31]. Meanwhile, in December 2019, the European
Commission presented the European Green Deal for the European Union and its citizens
in which it commits to tackling climate and environmental challenges. This new strategy
“aims to transform the EU into a fair and prosperous society, with a modern, resource-
efficient and competitive economy” [39] (p. 2) with zero net greenhouse gas emissions by
2050 where economic growth is decoupled from the use of natural resources It also aims to
preserve and improve the EU’s natural capital, protecting the health of the population from
environmental risks and negative impacts, while supporting an overhaul of the energy
system [23,39,40]. The European Commission’s Communication also presents an initial
roadmap with key measures, new legislation and legislative initiatives needed to achieve
climate neutrality by 2050 and other set targets [39]. As a result, all regulations, directives,
recommendations and other strategic documents implemented for many years by the EU
as part of its climate and energy policy are intended to help the Member States achieve the
Sustainable Development Goals [41].

In view of the foregoing, analysis of the current situation and forecasting with respect
to the energy sector is not only an important research topic in the literature but it is also
a key element in shaping long-term policy for sustainable economic development [19].
“An important aspect is the relationship between the economy and its major industries, energy
and environment” ([42], p. 74). Therefore, the European Union countries’ development of
climate and energy policy should be systematically monitored and analysed [16].

The outline of the subsequent portion of the paper is as follows: after the introduction,
the second chapter of the paper reviews the existing bibliographical references on studies
aimed at demonstrating the relationship between energy consumption, economic growth
and pollutant emissions. It discusses the theoretical basis and summarises the experience
of global energy transition wherein the use of energy from renewable sources plays a
central part. This is followed by a justification of the methodology and a description of the
indicators used and the methodology adopted in statistical analysis in the third section. The
fourth and fifth section present the results of the study and a discussion taking into account
prior empirical studies on the subject. Finally, key conclusions are arrived at together
with concluding remarks which may be helpful for decision making and implementation
of future actions by individual European Union countries in relation to their energy and
environmental policy, important for the development of a low-carbon economy. Thereby,
the goal of ensuring a permanent reduction in environmental pollution, and the pursuit of
sustainable development of the energy sector throughout Europe, will become achievable.

2. Literature Review

In the literature, three strands of research may be identified relating to the energy
consumption, economic growth and pollutant emissions nexus [4,10,43]. The abovenamed
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nexus can be split into three types of correlations: growth-energy, growth-environment
and growth-energy-environment [9] (p. 6).

The first group of studies focuses on the economic growth and energy consumption
nexus [4,10,43]. The study of this nexus has been the focus of many researchers over
the past three decades and the studies differ either in the method or the type of energy
considered [1,2,5,12,18,20,44-47]. Most of the literature in this research area is oriented
towards the role of energy in driving economic growth or investigation of the direction of
causality between of these variables [2]. A large number of empirical studies assess these
relationships using Granger causality and a cointegration model. It should be emphasised
that the study of the correlation that exists between the consumption of sustainable energy
and the economic development level is of enormous significance for both green and energy
policy measures [46].

Siki¢ [1] in his research found that renewable and non-renewable energy consumption
has a long-term impact on economic growth rates. However, his results are different for
developed and post-transition EU countries. According to the results, in the 16 “devel-
oped EU countries renewable energy consumption has a negative impact on economic growth,
while non-renewable energy consumption has a positive impact” ([1], p. 475). In contrast, in
the 11 post-transition EU countries the results are reversed—when the consumption of
renewable energy rises by 1%, the GDP will increase by 0.68%.

Chica-Olmo et al. [20] in their paper investigated the spatial relationship between
GDP and renewable energy consumption for 26 European countries with Durbin’s model.
Their study indicates that if a country increased its renewable energy consumption by 1%,
this will have an impact on the GDP of neighbouring countries of 0.025% to 0.056% based
on interconnections between the countries under consideration.

In their research, Saint et al. [44], Soava et al. [45] and Smolovi¢ et al. [46] found a
positive, long-term and statistically significant relationship between renewable energy
consumption and economic growth in EU countries. However, further results obtained
by Smolovi¢ et al. [46] indicate that in the short-term, the effect of renewable energy con-
sumption for economic activity was found to be negatively in the new Member States (that
became members after 2004), while in the traditional Member States it had no statistically
significant effect.

A study by Khribich et al. [12] using a panel dataset for 27 high-income countries
(Gross National Income per capita of $12,376 or more) established a short- and long-term
causal relationship between renewable energy consumption and social development. The
study found that “social development affects significantly the renewable energy consumption in
the long run but not in the short-run” ([12], p. 20).

In contrast, a study by Kahouli [5], which analysed a panel dataset for 34 OECD
countries using three models of growth-energy nexus, energy-growth nexus and two-way
linkages between them, confirmed a feedback effect between economic growth and energy.
The study concluded that there is a strong and significant link between the two. This means
that energy consumption and economic growth influence each other.

In the MINT countries (Mexico, Indonesia, Nigeria and Turkey), on the other hand,
Odugbesan and Rjoub [2] revealed that the unidirectional causal relationship between
energy consumption and economic growth held true for Nigeria and Indonesia, while
Mexico and Turkey were consistent with the feedback hypothesis, which indicates a
bidirectional relationship between the two variables.

It should be noted that in spite of the existence of many academic studies on the
subject, the existence or direction of causality between energy consumption and economic
growth is not agreed upon [1]. In fact, four hypotheses have been identified in relation to
the causal relationship under study [18,25,48]:

(1) the growth hypothesis validates a unidirectional causality as between energy con-
sumption and economic growth,

(2) the environmental protection hypothesis suggests a unidirectional causality between
economic growth and energy consumption,
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(3) the feedback hypothesis implies the existence of mutual interdependence of energy
consumption and economic growth (bidirectional causality),

(4) the neutrality hypothesis assumes no significant causality between economic growth
and energy consumption.

The second strand of research focuses on the economic growth and environmental
pollution nexus [11,17,49-54]. This branch of research attempts to verify the environmental
Kuznets curve (EKC) hypothesis [4,10,11,43,53]. “The EKC hypothesis accepts that environ-
mental degradation increases alongside with per capita income up to a certain threshold point” ([48],
p- 203). Once this point is reached, environmental degradation begins to decrease forming
an inverted “U” shape between the two variables. As Mahdi Ziaei [54] points out, “the
main reason for studying carbon dioxide emissions is that they play a central role in the current
debate on environmental protection, climate change abatement, energy security, sustainable use
of available resources and sustainable development” ([54], p. 753). According to the study by
Mahdi Ziaei [54], the relationship between GDP growth and CO; emissions shows both
bidirectional and unidirectional causality. The study concludes that the influence of energy
consumption on CO, emissions is important in the group of developing and developed
countries alike, with varying impacts.

Al-Mulali et al. [17], in their study, investigated the effect of variation in electricity
generation from renewable energy sources and the impact of five renewable energy sources
on CO, emissions in 23 selected European countries between 1990 and 2013. The authors
demonstrated the “existence of long-run causality between CO, emission, GDP growth, financial
development, and and electricity production from combustible renewables and waste generation”
([17], p. 636). The study also found that GDP growth, urbanisation and financial develop-
ment were the major drivers that positively affect CO, emissions, to the contrary, trade
openness reduces CO; emissions in the long run.

An additional contribution to this area of research can be found in the paper by
Khan et al. [50], in which a global panel dataset for 192 countries was used to analyse
the influence of renewable energy consumption, carbon dioxide emissions and financial
development on one another. According to the results, the influence of renewable energy
consumption on carbon dioxide emissions is negative, while financial development has
an increasing effect on carbon dioxide emissions. The study has also shown that both
renewable energy consumption and CO, emissions affect financial development in a
positive and significant manner.

Results of prior research also allowed Waheed et al. [49] to draw new conclusions
about the relationship between carbon dioxide emissions and economic growth. The
results of their analyses suggested that the function of economic growth in carbon dioxide
emissions is largely observed in high developed countries. Developing countries require
large amounts of energy to meet industrial, urbanisation and transport needs but this comes
at a cost of environmental degradation and results in increased carbon dioxide emissions.

Another perspective including an assessment of long-term and short-term correlations
between renewable energy use, CO; emissions and municipal waste recycling has been
provided in a study published by Bayar et al. [52]. The findings of that study showed
no significant correlation between recycling rate, renewable energy and CO, emissions.
Nevertheless, over the long term, “both recycling and renewable energy use tend to drive a
decline in CO, emissions”, so that “improvements in recycling and renewable energy use are
expected to make a significant contribution to environment sustainability” ([52], p. 7).

Sterpu et al. [11] published a paper in which they used a quadratic model as well
as a cubic model to estimate the shape of the environmental curve and test the Kuznets
hypothesis (EKC). Their study sought to determine the relationship between per capita
greenhouse gas emissions, GDP, gross energy consumption and renewable energy con-
sumption for a panel of 28 EU countries over the 1990-2016 period. The results revealed
inconclusive evidence for the environmental Kuznets curve (EKC) hypothesis. However,
estimations for all models showed that an increase in gross energy consumption leads to an
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increase in GHG emissions, whereas an increase in renewable energy consumption leads
to a decrease in GHG emissions.

In their study, Filimonova et al. [51] have evaluated the impact of various macroe-
conomic factors on environmental pollution indicators in OECD countries in 1990-2016.
On the factor end, their model used economic, technological and demographic factors, i.a.
“population size, gross domestic product, industrial production per capita, technological level, the
share of industry and agriculture in GDP and the share of exports and imports” ([51], p. 28). The
authors proposed and built new mathematical models that have the potential to be applied
to long-term policy development and “fo predict the possible consequences of economic growth
in Europe and the world” ([51], p. 31).

An extended EKC model was used in an article by Lapinskiené et al. [53] to investigate
the relationship between GDP, greenhouse gas emissions and several other additional
factors (e.g., energy consumption, energy taxes, R&D activities) using panel data from
22 EU countries between 1995 and 2014. In general, their study confirmed the existence
of an inverted U-shaped curve relationship. The results indicate that prospective path of
the EKC may depend on a country’s level of development. In countries that have reached
a higher level of development and have reached the EKC threshold point, GDP growth
could have a positive impact on GHG levels.

The third strand is an approach that has built on the basis of the last two groups of
studies, analysing the nexus among economic growth, environmental pollution and energy
consumption [4,10,43]. A review of selected empirical studies and existing literature on
this topic will be presented in the Discussion section.

The literature review justifies a conclusion that most of the previous studies employed
GDP growth [17,51,55], primary and final energy consumption [9,12,16,55], share of renew-
able energy in energy consumption [9,19], urbanisation [2,17], trade openness [17,50,56],
financial development [17,50,54], energy intensity [19,57], dependence on energy sup-
ply [9,19,58], etc. as indicators of economic activity. In numerous available publications
referenced as part of literature on the links between the economy, energy and environment,
other researchers have also evaluated the impact of various socio-economic factors, de-
mographic factors [51], technological factors [51] and other aspects and conditions that
affect the ecosphere, the energy sector and the dynamics of environmental indicators.
In this regard, there is a vast number of studies that focus on aspects of energy struc-
ture, energy and environmental R&D activities [53,58], public awareness [8,59-61], energy
efficiency [37,62-65], eco-innovation [12], eco-efficiency [66], natural resources [47,67],
municipal waste recycling [52], energy policy [60,65,68,69], education [8], health [23,41],
the tourism sector [25], COVID-19 epidemic [70], energy prices [57,60], taxation [53,71],
renewable energy technologies [22,27,72], etc., very often in connection with economic
growth [46-49,53,63,73], energy planning system [59,63,74], energy resource management
system [38,68] or diversification of the economic structure.

3. Materials and Methods

Access to energy and the level and manner of its production and consumption repre-
sent some of the preconditions of economic development of a country and improvement
of the living standards and quality of life of its population. On the other hand, excessive
and irresponsible consumption of energy by various economic sectors causes degradation
and destruction of the natural environment and thereby reduces the quality of life of
societies, generating huge environmental costs [75]. In view of the positive and negative
effects of energy use, the primary objective of this study was to compare the European
Union Member States in terms of energy consumption in total and by individual economic
sectors, to compare the share of renewable energy sources, the environmental impacts
in the form of greenhouse gas emissions from energy and the impact of economic devel-
opment of the countries on energy consumption. The following specific objectives have
been accomplished: first, assess the level of variation between EU countries with regard to
energy consumption in total and by sectors such as industry, transport, commercial and
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public services and households; second, compare and evaluate renewable energy sources
in general and in transport, electricity and heating and cooling; third, seek confirmation
whether the level of energy consumption in total and by different sectors of the economy
is related to methods of energy generation, the economic development of the countries
and the environmental impacts in the form of greenhouse gas emissions; fourth, establish
whether the level of energy consumption and the economic development of the countries
is related to trends of change (increase or decrease) in energy consumption. Attainment of
the objective of this article was intended to enable verification of the hypothesis assuming
that European Union countries vary significantly in terms of energy consumption and pro-
duction of renewable energy both in general and in individual sectors of the economy and
that energy consumption increases significantly with increasing economic development of
the countries and affects the level of greenhouse gas emissions from energy.

The source of empirical data was information collected by the European Statistical
Office (Eurostat) [76]. Twenty-seven countries (objects) of the European Union were
analysed. The researched period covered the years 2010-2019. In order to meet the
objectives of the article, energy consumption variables were selected from a range of
indicators monitoring the achievement of sustainable development goals. Consequently,
a numerical database consisting of twelve indicators was created in Microsoft Excel and
Statistica 13.3. The selection of indicators was informed by the expert method involving a
discussion with independent experts on the validity of the choice of variables. The decision
to select the final indicators depended on the availability of complete and up-to-date data
for all 27 Member States of the European Union and a positive evaluation of the choice of
variables by the experts. Consequently, a numeric array of indicators characterising: the
level of primary energy consumption in total (Xg;), final energy consumption in total (Xo;)
and by sectors such as industry (Xg3), transport (Xg4), commercial and public services (Xgs)
and households (Xg¢), the share of renewable energy in total (X(7) and in transport (X¢g), in
electricity (Xp9) and in heating and cooling (Xjg), the share of greenhouse gas emissions
from energy (Xj1), and economic development measured by the classic indicator of GDP
per capita (X12) was prepared. Indicator X, was included to examine whether economic
growth in EU (27) countries entails an increase in energy consumption and, consequently,
in environmental pollution as a result of greenhouse gas emissions from energy (Table 1).

The descriptive and graphical analysis of results of the study makes use of abbrevia-
tions of the names of the European Union Member States according to ISO 3166 Alpha-2
codes developed by the International Organisation for Standardisation [77]: Austria (AT),
Belgium (BE), Bulgaria (BG), Croatia (HR), Cyprus (CY), Czech Republic (CZ), Denmark
(DK), Estonia (EE), Finland (FI), France (FR), Germany (DE), Greece (GR), Hungary (HU),
Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT), Luxembourg (LU), Malta (MT), Nether-
lands (NL), Poland (PL), Portugal (PT), Romania (RO), Slovakia (SK), Slovenia (SI), Spain
(ES), Sweden (SE). In particular, energy consumption by EU countries in general and by
countries with minimum and maximum values of the studied indicators was analysed.

The data was statistically analysed. Core descriptive statistics of the studied statistical
population of EU countries have been used in the paper. Indices of the rate of increase or
decrease I, coefficients of variation Vg, measures of distance D and range R, correlation
coefficients rxy and linear regression coefficients [78,79], inter alia, were calculated. Calcu-
lation of the indices of the rate of increase or decrease I; (in %) was intended to express the
level of growth of energy consumption in 2019 (and of other indicators) compared to the
base year 2010 (I; = tg19 — t2010 X 100—100 in %). Growth values above zero indicate an
increase in the level of energy consumption or renewable energy production, and values
below zero—a decrease. To assess the variation of the studied countries, the coefficient of
variation Vs was used (Vs = S/X x 100%, where, X and S represent the arithmetic mean
and standard deviation, respectively. The variation between the EU countries in energy
consumption is significant when Vs > 10%) [78]. Other measures that evaluate the variation
between the countries are the measure of distance D (D = max/min) and the measure
of range R (max — min). In order to establish whether there are correlations (there is a
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relationship) between the studied indicators, correlation and regression analyses were
performed in the course of the study. The correlation coefficient rxy and the coefficient of
determination R?, inter alia, were used to test whether there were significant correlations
between the variables studied.

Table 1. Indicators allowed for in the study of energy consumption in total and by individual sectors, renewable sources of

energy, environmental impacts and economic conditions in EU (27) countries in 2010-2019.

Variable Data for Variable Name
Primary and final energy consumption in total and by individual sectors
. Per capita primary energy consumption in tonnes of
X1 2010-2019 oil equivalent (TOE) per inhabitant
Per capita final energy consumption in total in
X2 2010-2019 tonnes of oil equivalent (TOE) per inhabitant
Per capita final energy consumption in the industrial
X3 2010-2019 sector in tonnes of oil equivalent
(TOE) per inhabitant
Per capita final energy consumption in the transport
X4 2010-2019 sector in tonnes of oil equivalent
(TOE) per inhabitant
Per capita final energy consumption in the
X5 2010-2019 commercial and public services sector in tonnes of
oil equivalent (TOE) per inhabitant
X6 2010-2019 Per capita final energy consumption in households

in tonnes of oil equivalent (TOE) per inhabitant

Share of renewable energy in final energy consumption in total and by sector—mitigation of energy consumption impacts

Share of total renewable energy in gross final energy

X7 2010-2019 -9
consumption in %
X8 2010-2019 Share of renewable energy sources in t?arlsport in
gross final energy consumption in %
X9 010-2019 Share of r?newable sources of e}ectlﬁlaty in gross
final energy consumption in %
X10 2010-2019 Share of renewable energy sources in heating and

cooling in gross final energy consumption in %

Share of total greenhouse gas emissions from energy—environmental impacts of energy consumption

Greenhouse gas emissions from energy as % of total
greenhouse gas emissions (CO,, N,O in CO,

X11 2010-2018 equivalent, CHy in CO, equivalent, HFC in CO,
equivalent, PFC in CO, equivalent, SF6 in CO,
equivalent, NF3 in CO; equivalent)
Economic conditions of energy consumption
X12 2010-2019 Real GDP per capita in EUR

Source: own work based on [76].

4. Results

As the data from 2010-2019 shows, the countries of the European Union vary signifi-
cantly in terms of primary and final energy consumption, with the variation decreasing
steadily over the last decade (Table 2). While the coefficient of variation in 2010 for EU
(27) countries for primary energy consumption was Vs = 45.9%, in 2019 it was equal to
V; = 38.8%, whereas for final energy consumption in 2010 Vs was equal to 57.6% and in
2019 V; was equal to 48.2%. The significant variation between the countries with regard
to energy consumption is also confirmed by the coefficients of distance D and range R.
A positive aspect in the context of environmental impacts for Europe is a slight decline
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in primary energy consumption by the Member States. In 2010, the consumption was
at 3.3 tonnes of oil equivalent (TOE) per inhabitant, decreasing to 3.0 TOE/inhabitant in
2019. In contrast, while there has been a decrease in final energy consumption compared
to 2010, it is disturbing that the consumption remained constant at 2.2 TOE/inhabitant in
the recent 20152019 period. The slight decrease in the level of primary and final energy
consumption in the EU (27) between 2010 and 2019 is also confirmed by the calculated
indices It, ItXOl = —8.80/0, ItXOZ =—-52% (Table 2)

Table 2. Primary and final energy consumption in EU (27) countries in 2010-2019—statistics.

Statistics for Primary Energy Consumption Xo1 I Statistics for Final Energy Consumption X, I
2010 2015 2016 2017 2018 2019 2010 2015 2016 2017 2018 2019
EU (27) 3.3 3.1 3.1 3.1 3.1 3.0 —8.8 EU (27) 2.3 22 22 22 22 22 —5.2
Xmin RO 1.6 1.6 16 17 17 17 1.2 Xmin RO 1.1 1.1 1.1 12 12 1.2 10.8
Xmax LU 9.1 7.3 7.1 72 73 73 =201 Xmax LU 85 70 69 70 72 71 =171
Vs 459 407 405 387 39.6 388 Vs 576 507 495 483 489 482
D 5.6 47 46 43 44 44 D 7.7 64 61 59 59 58
R 7.5 57 56 55 57 56 R 7.4 59 58 58 60 59

Key: Xpmin—minimum value for the country, Xmax—maximum value for the country, Vs—coefficient of variation in % for EU (27) countries,
D—distance (max/min), R—range (max — min), Ii—fixed-base index I; 2019(2010 = 100) in %. Source: own work based on [76].

15.0

10.0

5.0

0.0

LU s 7.3

-5.0

-10.0

-15.0

-20.0

-25.0

FI I 5.8
SE I 45
BE Il 43

Cz Il 338

The countries in the EU (27) that consume the least primary energy per inhabitant are:
Romania (in 2019 Xp; = 1.7), Malta (Xo; = 1.7), Croatia (Xo; = 2.0) and Portugal (Xo; = 2.2),
and for final energy: also Romania (Xgp = 1.2) and Malta (X¢; = 1.4) as well as Bulgaria
(X2 = 1.4) and Greece (Xpp = 1.5). At the other extreme, countries such as Luxembourg
(X01 =7.3; X02 = 71), Finland (X(Jl =5.1; X02 = 46), Sweden (X01 =45, X02 = 31) and
Belgium (Xg; = 4.3, Xo2 = 3.1) are ranked as countries with the highest consumption of both
primary and final energy. The third largest final energy consumer is Austria (X, = 3.2)
(Figures 1 and 2). In the graphs showing primary (Xg1) and final energy consumption (Xgp)
as well as the indices Iixg; and Iixpp for the period of 2010-2019, it can be observed that, in
relative terms, the countries that have historically and currently consumed the most energy,
both primary and final, have seen the largest decreases in energy consumption over the
last decade (e.g., in Luxembourg, Belgium, Sweden, Finland), while countries with lower
consumption have relatively more often experienced increases in energy consumption (e.g.,
Bulgaria, Poland, Hungary, Latvia, Lithuania, Romania) (Figures 1 and 2).
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Figure 1. A ranking of EU (27) countries according to their primary energy consumption in tonnes of oil equivalent per
inhabitant (Xp1) in 2019 and index Iixg1 for 2019 (2010 = 100). Source: own work based on [76].
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Figure 2. A ranking of EU (27) countries according to their final energy consumption in tonnes of oil equivalent per
inhabitant (Xpy) in 2019 and index Iixg, for 2019 (2010 = 100); Source: own work based on [76].

The highest final energy consumption among the EU (27) countries is recorded in
the transport sector (in 2019 Xy4 = 0.65), followed by a slightly lower consumption in the
industrial sector (Xg3 = 0.53) and in the households sector (Xgg = 0.55) and the lowest but
also significant consumption in the commercial and public services sector (Xgs = 0.29).
Malta has the lowest final energy consumption in the industrial and households sector
(Xo3 = 0.11; Xpg = 0.20, respectively) and Romania—in the transport and commercial and
public services sector (Xo4 = 0.34; Xo5 = 0.10). Conversely, at the other extreme, the top-
ranked country consuming the most final energy in the last decade in the industrial and
households sector is Finland (Xo3 = 1.98; Xos = 1.02, respectively) and in the transport and
commercial and public services sector—Luxembourg (Xo4 = 3.51; Xg5 = 0.86). As mentioned
earlier, since 2010, total primary and final energy consumption has decreased in the EU (27)
countries, and this has been facilitated by decreasing energy consumption in the industrial
(Iexos = —3.6), households (Iixgs = —12.9) and commercial and public services (Itxgs = —9.0)
sector. Energy consumption in the transport sector has increased (Iixp4 = 1.9), with Bulgaria,
Lithuania, Hungary, Poland and Romania being the main contributors to this increase.
The EU (27) countries vary significantly in final energy consumption by sector, which is
confirmed by the calculated coefficients of variation Vg, D and R. The largest variation
between EU (27) countries is found in final energy consumption in the transport and
industrial sector and the smallest—in the households sector (Table 3).

On average, in the EU (27), the share of total renewable energy in gross final energy
consumption in 2019 was Xgy = 19.7%. The EU (27) Member States with the highest share
of renewable energy in 2019 were Sweden (Xo7 = 56.4%), Finland (Xo7 = 43.1%) and Latvia
(Xo7 = 41.0%). Shares above 30 per cent were also reported in countries such as Denmark,
Austria, Estonia and Portugal. In turn, the smallest share of total renewable energy in
gross final energy consumption in 2019 was reported in countries such as Luxembourg
(Xo7 =7.0%), Malta (Xop7 = 8.5%), the Netherlands (Xg; = 8.8%) and Belgium (Xo7 = 9.9%). A
considerable increase in the share of renewable energy in final energy consumption was
observed in all EU (27) countries (except Hungary) (on average for all EU (27) countries
Lixo7 = 36.8%). Between 2010 and 2019, an exceptionally high, almost eightfold increase of
this indicator was observed in Malta (I; = 767.0%), in addition to much smaller increases in
countries such as Denmark, Ireland, Cyprus, Luxembourg, the Netherlands, Slovakia and
Greece (Figure 3).
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Table 3. Final energy consumption in the industrial (Xp3), transport (Xgp4), commercial and public services (Xgs) and
households (Xyg) sector in EU (27) countries in 2010-2019—statistics.

Country Country

Statistics for EU (27) Min Values Max Values Vs D R
2010 0.55 0.11 (MT) 2.00 (FI) 70.7 18.8 1.9
. 2015 0.53 0.13 (MT) 1.87 (FI) 65.4 14.9 1.7
Final energy
consumption in 2016 0.53 0.12 (MT) 1.92 (FI) 66.7 15.7 1.8
the industrial 2017 0.54 0.12 (MT) 1.94 (FI) 64.5 15.7 1.8
sector X3
2018 0.54 0.12 (MT) 2.02 (FI) 64.9 17.3 1.9
2019 0.53 0.11 (MT) 1.98 (FI) 64.4 17.9 1.9
Iixos 2019 (2010 = 100) -36 3.9 -13 - - -
2010 0.64 0.24 (RO) 4.33 (LU) 95.2 17.7 4.1
. 2015 0.62 0.27 (RO) 3.48 (LU) 80.1 13.0 3.2
Final energy
consumption in 2016 0.63 0.29 (RO) 3.31 (LU) 74.4 11.4 3.0
the transport 2017 0.64 0.31 (RO) 3.33 (LU) 72.7 10.6 3.0
sector X4
2018 0.64 0.32 (RO) 3.49 (LU) 74.9 10.8 3.2
2019 0.65 0.34 (RO) 3.51 (LU) 74.4 10.4 3.2
Iixos 2019 (2010 = 100) 1.9 38.3 —19.1 (LU) - - -
2010 0.32 0.09 (RO) 0.84 (LU) 47.9 9.1 0.8
Final energy 2015 0.29 0.09 (RO) 0.70 (LU) 423 8.0 0.6
consumption in 2016 0.30 0.09 (RO) 0.69 (LU) 40.9 7.6 0.6
the commercial
sector Xos 2018 0.30 0.10 (RO) 0.79 (LU) 433 7.9 0.7
2019 0.29 0.10 (RO) 0.86 (LU) 46.6 8.6 0.8
Iixos 2019 (2010 = 100) —9.00 9.10 2.40 - - -
2010 0.63 0.17 (MT) 1.09 (FI) 36.8 6.5 0.9
Final energy 2016 0.57 0.17 (MT) 0.97 (FI) 34.8 5.7 0.8
consumption in 2017 0.57 0.20 (MT) 1.05 (FI) 345 5.3 0.8
the households
sector Xgg 2018 0.55 0.20 (MT) 1.03 (FI) 33.9 5.3 0.8
2019 0.55 0.20 (MT) 1.02 (FI) 324 5.0 0.8
Iixoe 2019 (2010 = 100) -129 22.5 —6.0 - - -

Key: Xmin—minimum value for the country, Xmax—maximum value for the country, Vs—coefficient of variation in % for EU (27) countries,
D—distance (max/min), R—range (max — min), [;—fixed-base index I; 2019(2010 = 100) in %. Source: own work based on [76].

In the EU (27), the share of renewable energy sources in transport in 2019 was at
8.9% and increased since 2010 by lixos= 61.8 p.p. The share of renewable energy sources
in this sector is lowest in countries such as Cyprus, Croatia and Estonia, and highest in
recent years in Sweden, and previously in Finland and Austria. The share of renewable
sources of electricity in the EU (27) on average is much higher than in transport and was
equal to Xgg9 = 34.1% in 2019. Like the transport sector, the share of renewable sources of
electricity has also increased by 60 percentage points. Over the last decade, this increase
has been most notable in Malta, where the value of this indicator was at its lowest for years.
By contrast, in Austria, which is at the other extreme, where the share of renewable sources
of electricity has remained above 70% for years, there has only been a 13 percentage point
increase. The share of renewable energy sources in heating and cooling in EU (27) countries
has exceeded 20% in recent years (in 2019 X;9 = 22.1%). In this case, there has been an
increase of 30 p.p. compared to 2010 (I;). The lowest value of this indicator is recorded in
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the Netherlands, at less than 5-7%, and the highest in Sweden where the share exceeds
60% (in 2019 X1 = 66.1%). As both Austria and Sweden are the countries with the highest
share of renewable energy sources, only a slight increase of this indicator in recent past was
observed there. In addition, the EU (27) countries are significantly varied in terms of the
share of renewable energy sources. This variation has been only slightly reduced, which
means that there is still a significant distance between countries with very high and very
low shares of renewable energy sources (Table 4).
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Figure 3. A ranking of EU (27) countries according to the share of total renewable energy in gross final energy consumption
in % (X07). in 2019 and index Iixo7 for 2019 (2010 = 100). Source: own work based on [76].

Table 4. The share of renewable energy sources in transport (Xpg), renewable sources of electricity (Xg9) as well as renewable
energy sources in heating and cooling (X10) in EU (27) countries in 2010-2019—statistics.

Statistics for EU (27) M(i:r?liztlll'lyes Mggligtllzes \A D R
2010 55 0.0 (MT) 10.7 (AT) 653 ] 10.7
2015 6.8 0.4 (EE) 24.8 (FI) 823 60.0 244
Share of renewable 2016 72 0.4 (EE) 26.6 (SE) 76.8 616 26.1

energy sources 1in

fransport Xog 2017 7.5 0.4 (EE) 26.8(SE) 75.0 64.4 26.4
2018 8.3 2.6 (HR) 29.7 (SE) 67.0 115 27.1
2019 8.9 3.3 (CY) 30.3 (SE) 618 9.1 27.0

Tixos 2019 (2010 = 100) 618 - - - - -
2010 213 0.0 (MT) 66.4 (AT) 803 2073.7 66.3
2015 29.7 43 (MT) 71.5 (AT) 65.3 166 67.2
Share of renewable 2016 302 5.7 (MT) 72.5 (AT) 64.4 12.7 66.8
sources of electricity Xog 2017 31.1 6.8 (MT) 71.6 (AT) 63.0 105 64.8
2018 322 7.7 (MT) 74.2 (AT) 60.9 9.7 66.5
2019 34.1 8.0 (MT) 75.1 (AT) 58.9 9.3 67.1
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Table 4. Cont.

Statistics for EU (27) M(i:r(l)t{gﬁlyes M(aizl{gtlrges Vs D R

Tixgo 2019 (2010 = 100) 60.0 25,0219 13.2 - ] -
2010 17.0 3.1 (NL) 58.5 (SE) 64.3 189 5.4
2015 203 5.2 (NL) 653 (SE) 60.1 125 60.1
Share of renewable 2016 205 5.1 (NL) 65.5 (SE) 60.0 12.8 603

energy sources 1in

heating and cooling X1 2017 209 5.7 (NL) 65.8 (SE) 59.5 116 60.1
2018 212 6.1 (NL) 653 (SE) 58.1 10.8 59.3
2019 2.1 7.1 (NL) 66.1 (SE) 55.9 105 59.8

Tt 2019 (2010 = 100) 298 128.4 13.1 ; ; -

Key: Xpin—minimum value for the country, Xmax—maximum value for the country, Vs—coefficient of variation in % for EU (27) countries,
D—distance (max/min), R—range (max — min), [;—fixed-base index I; 2019(2010 = 100) in %. Source: own work based on [76].

The use of energy by the economy and the population has negative consequences
in the form of greenhouse gas emissions. As the collected data shows, the average share
of greenhouse gas emissions from energy as a % of total emissions (X;;) for EU (27)
countries decreased slightly compared to 2010 (Ix1; = —2.7 p.p.) and amounted to 74.7%
in 2018. The largest decreases in greenhouse gas emissions from energy between 2010
and 2018 were seen in countries such as Malta (—27.9 percentage points), Greece (—11.1),
Denmark (—11.0), Ireland (—10.7). On the other hand, increases were recorded in countries
such as Estonia (+1.4 percentage points) and Poland (+0.1). Evidently, these countries have
a very serious problem with rational energy management because not only are they at
the top of the ranking of countries according to greenhouse gas emissions in the EU (27)
(for Poland Xj; = 82.3% and for Estonia X;; = 87.1%) but also they are the only countries
among the twenty EU Member States that have not reduced their emissions of greenhouse
gases from energy in the last decade but instead their emissions have actually grown. The
countries with the lowest greenhouse gas emissions from energy in the EU (27) are Ireland
(X11 = 56.9%), Lithuania (X11 = 57.7%) and Malta (X1; = 57.8%) (Figure 4).
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Figure 4. A ranking of EU (27) countries according to greenhouse gas emissions from energy (Xj1) in 2019 and index Iix1q
for 2019 (2010 = 100). Source: own work based on [76].
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One of the objectives of the paper was to examine whether the level of energy con-
sumption in total and by individual sectors of the economy is related to the methods of
energy generation, economic development of the countries and environmental impacts
in the form of greenhouse gas emissions. On the basis of the analyses performed, it can
be concluded that there is a significant positive correlation between all of the indicators
characterising primary (Xp;) and final energy consumption (Xg;) and consumption by
individual sectors: industry (Xg3), transport (Xo4), commercial and public services (Xgs)
and households (Xpg). Thus, it can be unambiguously stated that there is a noticeable
distance and significant differences in the levels of these indicators between the EU (27)
countries with high and low energy consumption in total and by individual sectors. In
other words, the same countries consume the most (e.g., Luxembourg, Finland, Belgium,
Sweden, Austria) and the least (e.g., Romania, Malta, Bulgaria, Greece, Croatia) amount of
energy in total and in individual sectors of the economy. In addition, the analyses revealed
significant positive correlations between indicators characterising the share of renewable
energy in total (Xgy) and in transport (Xgg), electricity (Xo9) and heating and cooling (Xj).
This allows the conclusion that in countries having a considerable share of renewable
energy sources in transport, the share is also relatively higher in electricity and heating and
cooling. By contrast, in countries at the other extreme with the lowest share of renewable
energy, all values of these indicators are significantly lower in all sectors of the economy
(Table 5).

Table 5. Correlations ryy between variables characterising primary and final energy consumption in total and by individual

sectors of the economy (Xo1, Xo2, X3, Xo4, Xo5, Xos) as well as the share of renewable energy in final energy consumption in
total and by sector (Xo7, Xos, Xos, X10) in EU (27) countries in 2019.

Variable Xo1 Xo2 Xos Xo4 Xos Xoe Xo7 Xos Xo9 X10
Xo1 1.000 0.949 * 0.793 * 0.741* 0.917 * 0.720 * 0.063 0.436 * —0.064 —0.039
Xoz2 0.949 * 1.000 0.721 * 0.866 * 0.953 * 0.669 * 0.014 0.323 —0.022 —0.085
Xo3 0.793 * 0.721 1.000 0.319 0.620 * 0.737 * 0.341 0.681 * 0.186 0.167
Xoa 0.741 * 0.866 * 0.319 1.000 0.827 * 0.319 —0.214 —0.013 —0.156 —0.230
Xos 0.917 * 0.953 * 0.620 * 0.827 * 1.000 0.616 * —0.031 0.305 —0.100 —0.083
Xo6 0.720 * 0.669 * 0.737 * 0.319 0.616 * 1.000 0.403 * 0.402 * 0.276 0.233
Xo7 0.063 0.014 0.341 —0.214 —0.031 0.403 * 1.000 0.554 * 0.779 * 0.903 *
Xos 0.436 * 0.323 0.681 * —0.013 0.305 0.402 * 0.554 * 1.000 0.396 * 0.357
Xo9 —0.064 —0.022 0.186 —0.156 —0.100 0.276 0.779 * 0.396 * 1.000 0.513 %
X10 —0.039 —0.085 0.167 —0.230 —0.083 0.233 0.903 * 0.357 0.513 % 1.000

* The correlation coefficients marked by an asterisk are significant with p < 0.05; n = 27 (missing data was deleted on a case-to-case basis);
Source: own work based on [76].

As shown in the regression and correlation analyses (Table 6, Table 7, Figure 5 between
the total primary and final energy consumption and final energy consumption by individual
sectors (industry, transport, commercial and public services and households) and economic
development measured by GDP per capita (X5), there is a significant positive correlation,
which means that with the economic growth of the EU countries (27), the consumption
of electricity increases significantly. The impact of economic development on energy
consumption was confirmed by the ry correlation coefficients of value: rxgix12 = 0.734,
IX02x12 = 0.806, 'xX03x12 = 0.460, x04x12 = 0.732, IX05x12 = 0.839, I'X06X12 = 0.508 (Table 6).
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Table 6. Summary of multiple regression between variable X;, (GDP per capita) and variables X(;-Xgg describing primary
and final energy consumption in total and by individual sectors—analysis of the impact of economic conditions on energy
consumption in EU (27) countries in 2019.

15 of 24

Statistic Xo1 X02 X03 X04 X05 X06
I'xy 0.734 % 0.806 * 0.460 * 0.732* 0.839 * 0.508 *

R? 0.538 0.650 0.211 0.535 0.704 0.258
corrected R? 0.520 0.636 0.180 0.517 0.693 0.228
F(1.25) 29.170 46.502 6.697 28.786 59.555 8.679

14 0.000 0.000 0.016 0.000 0.000 0.007

SEE 0.848 0.703 0.332 0.394 0.080 0.159

Key: ryy—linear correlation coefficient; R2—coefficient of determination; F—F statistics; p—critical significance level; SEE—Standard Error
of Estimation; * The correlation coefficients marked by an asterisk are significant with p < 0.05; n = 27 (missing data was deleted on a
case-to-case basis); Source: own work based on [76].

Table 7. Correlations of energy consumption (variables Xy;-Xog) and renewable sources of energy (variables Xg7-Xjg) with
environmental impacts in the form of greenhouses gas emissions from energy (X;1) and economic conditions (Xj2) in EU
(27) countries in 2019.

Variable Xo1 Xo2 Xo3 Xoq Xos Xo6 Xo7 Xos Xo9 X10
X11 0.263 0.143 0.162 0.086 0.124 0.219 —-0.114 —0.025 —0.178 —0.164
X12 0.734 * 0.806 * 0.460 * 0.732* 0.839 * 0.508 * —0.077 0.321 0.131 —0.252

* The correlation coefficients marked by an asterisk are significant with p < 0.05; n = 27 (missing data was deleted on a case-to-case basis).
Source: own work based on [76].
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Figure 5. Correlation between final energy consumption and GDP per capita in EU (27) countries in
2019 (scatterplot for variables Xop and Xj,). Key: rxy—linear correlation coefficient; R2—coefficient of
determination. Source: own work based on [76].

However, it should be noted that the values of correlation ryy between variable X1, and
variables Xo1, Xo, Xo3, Xo4, Xo5 and Xog, although significant and relatively high, do not fully
explain the impact of a country’s GDP per capita on energy consumption. For example, the
coefficient of determination R? = 0.650 calculated for the variables Xy, and X;, indicates only
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a 65 per cent effect of the variation of GDP per capita (X12) on the variation of final energy
consumption (Xgp). Thus, it appears that there are other remaining causal sources (other
than GDP) that had an additional 35 per cent impact on the level and regional variation of
final energy consumption. Therefore, it is advisable to expand future research to include
more explanatory variables other than X;; and to transform the regression function for one
explanatory variable into a multiple regression function with more variables that affect energy
consumption variation in EU (27) countries (Table 6, Figure 5).

Table 7 shows that there is no significant correlation between the level of economic
development of the countries (Xj2) and the share of renewable energy in total (Xo7) and
in transport (Xgg), in electricity (Xg9) or in heating and cooling (Xjg). This leads to an
unambiguous conclusion that the economic development of EU (27) countries and the
amount of produced and consumed energy from renewable sources are unrelated. Based
on the analyses performed, it has also been found that there is a positive (but too weak and
therefore insignificant) correlation between greenhouse gas emissions from energy (X11)
and energy consumption (Xo1, Xo2, Xo3, Xo4, Xo5, Xos), and a negative (but too weak and
insignificant) correlation between greenhouse gas emissions from energy and the share
of renewable energy (Xo7, Xos, Xo9, X1p). It is therefore reasonable to make a balanced
claim that environmental pollution through greenhouse gas emissions from energy by
EU countries increases with increasing primary and final energy consumption and with
decreasing share of renewable energy sources in gross final energy consumption (Table 7).

The countries with the highest primary energy consumption (Xg1) and final energy
consumption (Xg2) in 2019 saw the largest significant decrease in consumption of energy
between 2010 and 2019 (Iixo1, Lixoz). This has been confirmed by the calculated significant
negative correlation coefficients rxpiixo1 = —0.473 and rxporxo2 = —0.493. In individual
sectors under study, such as industry, transport and public and commercial services, a
negative correlation can also be observed between the decrease in energy consumption in
2010-2019 and the volume of this consumption; however, the value of the coefficient is too
low and therefore the relationship is not significant. The value of the coefficient was only
significant in the households sector, with rxgexos = —0.461. This means that the largest
decrease in energy consumption occurred in the last decade in the households sector in
countries with the highest household energy consumption and, conversely, in countries
with the lowest household energy consumption the decrease in energy consumption
between 2010 and 2019 was relatively smaller (Table 8).

Table 8. Correlations of variables characterising energy consumption, means of energy consumption reduction and

greenhouse gas emissions from energy in 2019 (variables Xy;—X11) and the index I; representing change of values of these
variables in 2010-2019 (2010 = 100) in EU (27) countries.

X Variables Xo2 Xo3 Xo4 Xos Xos Xo7 Xos Xoo X10 X11
Fixed-base index I;
representing change in Lixoz Tixos Lixos Lixos Tixoe Lixoz Lixos Tixoo Lix1o Iix1n

2010-2019 (2010 = 100)

coefficient of
correlation ryy
between X and I;

—-0493* 0169 0333 0126 —0461* 0352  0.056 —-0.265 —0.228 0.626 *

* The correlation coefficients marked by an asterisk are significant with p < 0.05; n = 27 (missing data was deleted on a case-to-case basis).
Source: own work based on [76].

The analyses performed also revealed a relationship, very important in terms of envi-
ronmental impact of energy consumption, between greenhouse gas emissions from energy
and their change (increase or decrease in the share of these emissions) between 2010 and
2018 in individual EU (27) countries. The significant positive correlation rxjirx11 = 0.626
suggests that countries that, in relative terms, emit the most greenhouse gases from energy
have also reduced their emissions in the most limited way in the last decade or have
even seen an increase in greenhouse gas emissions from energy (Table 8). This is a very
undesirable phenomenon and these countries, especially Poland and Estonia, should take
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effective and efficient measures as soon as possible to reduce air pollution arising from
energy consumption.

All values calculated for correlation between the analysed variables are negative
(Table 9). Based on these calculations, positive conclusions can be drawn. Namely, the
greatest decreases in primary and final energy consumption in total and in individual
sectors in the EU (27) countries in the years 2010-2019 occurred significantly more often in
countries with the highest consumption of energy.

Table 9. Correlations of variables characterising energy consumption and greenhouse gas emissions
from energy in 2019 (variables Xg;—Xj1), and the index I; representing change of values of these
variables in 2010-2019 (2010 = 100) in EU (27) countries.

Variable Iixo1 Tixo2 Ixos Tixos Txos Txo6

Correlations of energy consumption in 2019 with change I; of energy consumption in total and in
individual sectors in 2010-2019 (2010 = 100)

Xo1 —0.473 % —0.546 * —0.394 * —0.483 * —0.286 —0.456 *
Xo2 —0.443 * —0.493 * —0.354 —0.451 % -0.217 —0.453 *
Xo03 —0.248 —0.383 * —0.169 —0.326 —0.348 —0.299
Xo4 —0.332 —0.352 —0.346 —0.333 —0.003 —-0.379
Xos —0.563 * —0.533 * —0.435* —0.548 * —-0.126 —-0.416 *
Xo6 —0.323 —0.402 * —0.133 —0.254 —0.450 * —0.461 *

Correlations of change I of energy consumption in total and in individual sectors in 2010-2019
(2010 = 100) with environmental impacts (X;1) and economic conditions (X1) in 2019

X1 —0.206 —-0.317 —0.248 —0.139 —0.260 —0.365
X12 —0.634 * —0.639 * —0.418 % —0.625 * —0.203 —0.569 *

* The correlation coefficients marked by an asterisk are significant with p < 0.05; n = 27 (missing data was deleted
on a case-to-case basis). Source: own work based on [76].

This is a positive occurrence, particularly in terms of reducing energy consumption by
the countries that consume the most energy. There is also a significant negative correlation
of the change in energy consumption in total and by individual sectors with economic
development of the countries. In this case, an unambiguous conclusion can be drawn
that the decrease in energy consumption between 2010 and 2019 was more substantial in
countries with higher levels of economic development. Conversely, in countries with lower
levels of economic development, the decrease in consumption was negligible or even an
increase in energy consumption was reported (Figure 6).

As can be deduced from the calculations (Table 9), no significant correlations have been
shown between changes in energy consumption in 2010-2019 and the level of greenhouse
gas emissions by EU (27) countries in 2019; however, the values are negative which also
indicates stronger downward trends in energy consumption in countries with higher
greenhouse gas emissions from energy.
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Figure 6. Correlation between change in primary energy consumption in 2010-2019 (I;xg1) and GDP
per capita in EU (27) countries in 2019 (scatterplot for variables Iixg; and Xpp). Key: rxy—linear
correlation coefficient; RZ—coefficient of determination. Source: own work based on [76].

5. Discussion

The literature includes a number of studies that focus on the causal links between
economic growth, energy consumption and their impact on environmental pollution and
indirectly on greenhouse gas emissions [2,11]. In this chapter, some research results in this
area will be presented.

Odugbesan and Rjoub [2], Belaid and Zrelli [4], Odabasi and Citlak [6], Radmehr et al. [10],
Ossowska and Janiszewska [16], Omri and Belaid [21], Acaravci and Ozturk [43], Ozcan et al. [48]
and Loures and Ferreira [55] in their studies analysed trilateral links between economic growth,
energy consumption and environmental pollution. As pointed out by Waheed et al. [49], it is this
relationship between increasing carbon dioxide emissions, energy consumption and economic
growth that is relevant from all perspectives, i.e., from the perspective of economic policy, total
and sectoral energy consumption as well as national and global environmental planning.

Belaid and Zrelli [4] examined the causal relationship between renewable and non-
renewable energy consumption, GDP and carbon dioxide emissions in nine Mediterranean
countries over the period of 1980-2012. The findings of their study indicate existence of a
short-term bidirectional relationship between GDP, renewable electricity consumption and
CO, emissions. The results of the study also confirmed the hypothesis of feedback between
real GDP and renewable electricity consumption. However, in the long run, the study
revealed the existence of a bidirectional relationship between non-renewable electricity
consumption and carbon dioxide emissions as well as the absence of a causal relationship
of CO, emissions and non-renewable electricity consumption with real GDP.

Radmehr et al. [10] included spatial effects into their study on the nexus of these three
variables. Their study, which focused on 21 EU countries over the period of 1995-2014,
revealed a bidirectional link between economic growth and renewable energy consumption
and between economic growth and carbon dioxide emissions. Furthermore, the study
found a unidirectional link between renewable energy and carbon dioxide emissions. In
addition, the results show that economic growth is more strongly spatially correlated
compared to other variables. This means that EU countries are more linked to each other in
economic conditions than in environmental issues, i.e., renewable energy consumption or
carbon emissions.
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In the MINT countries (Mexico, Indonesia, Nigeria and Turkey), a study by Odugbesan
and Rjoub [2] allowing for urbanisation in the study model found, inter alia, a long-run re-
lationship from economic growth, energy consumption and CO, emissions to urbanisation
among all MINT countries.

Unlike other studies analysing the causal links between energy consumption, eco-
nomic growth and environmental degradation, Ozcan et al. [48] used two complex indi-
cators, i.e., “Ecological Footprint (EF) and Environmental Performance Index (EPI) reflecting
different dimensions of environmental pollution” ([48], p. 204). In effect, they extended their
investigation beyond air pollution to the problem of environmental pollution in general.
They conducted their study covering 35 OECD countries and a study period of 2000-2014.
Results from an analysis indicate a substantial positive effect of GDP and energy consump-
tion on all environmental quality indicators (EF, CO; emissions and EPI). Furthermore,
their study confirmed a two-way causality between the variables, with the exception of the
GDP and CO, and GDP and EPI pairs. For both of these cases, they only found evidence
of unidirectional causality from GDP to both of these indicators. The researchers suggest
that the “countries” economic development path and energy consumption patterns have started to
align with their environmental policies” ([48], p. 212). Furthermore, the causal links between
GDP and environmental quality indicators highlight the correlation between the path of
economic growth and nature.

Another perspective including an assessment of the relationship between economy,
society and ecology can also be found in a study published by Omri and Belaid [21]. Their
paper aimed to provide a more detailed perspective in relation to the assessment of the
capacity of renewable energy to mitigate the negative impact of CO, pollutions on social
development and economic growth in 31 transitional economies during the transition years
from 1990 to 2015. The results supported the argument that renewable energy might help
achieve sustainable development goals for economies in the transitional period and might
be applied to mitigate the negative impact of CO, emission rates on social and economic
growth. As the researchers have pointed out, renewable energy is therefore an extremely
favourable investment opportunity from an economic and social standpoint.

Odabasi and Citlak [6] investigated the relationship between economic growth, elec-
tricity consumption and carbon dioxide emission parameters by analysing panel data
from 20 European Union Member States that generated electricity with intensive fossil
fuel combustion from 1995 to 2014. The results of the Dumitrescu-Hurlin panel causality
test revealed unidirectional causality from economic growth to carbon dioxide emissions,
from electricity consumption to carbon dioxide emissions and from economic growth to
electricity consumption.

An additional contribution to this area of research has also been made in a paper
by Ossowska and Janiszewska [16], where the authors evaluated the situation of 28 EU
countries regarding sustainable energy consumption in 2017. For their analysis they used
Eurostat data and six indicators: “primary energy consumption, final energy consumption,
share of renewable energy in energy consumption, deficit/surplus in the 2020 RES consumption
target, energy import dependency (%), greenhouse gas emissions, intensity of energy consumption”
([16], p. 39). In their study, they divided the countries of the European Union into four
groups based on their sustainable energy consumption situation. According to the results,
the situation of twelve countries was identified as either favourable or rather favourable,
while in the remaining sixteen members the situation have been classified as either rather
unfavourable or unfavourable.

A study conducted by Loures and Ferreira [55] focused on the problem of CO; issue in
the European Union countries, considering the impact of different potential determinants
on the increase of per capita emissions between 2010 and 2014. In an effort to identify main
factors of growth of carbon dioxide emissions, the researchers utilised “a fuzzy-set qualitative
comparative analysis—fsQCA” ([55], p. 220), taking into consideration five macroeconomic
factors: GDP growth, changes in the “share of private consumption, public consumption and
investment consumption (all in relation to GDP) and energy consumption growth” ([55], p. 223).

’
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The study concluded that the major driver of emissions reductions was the economic crisis,
for a direct correlation with economic growth was found. It was also discovered that
energy consumption presents a close correlation with emission growth, on the other hand
investment shows an opposite correlation, i.e., a higher share of investment in GDP is
associated to emission reductions.

Meanwhile, Marra and Colantonio [8], in their study, analysed the drivers of increased
utilisation of renewable energy sources, focusing on the role of socio-technical aspects
such as stringent policy, lobbying, public awareness and education. They found that a
combination of educational measures and raising public awareness of environmental issues
could be used as a quick and strong follow-up to renewable energy deployment.

In conclusion, the available literature discloses that most of the empirical studies
focused on the link between energy consumption and economic growth, and economic
growth and environmental pollution and/or the relation with other economic factors,
differ markedly and the results obtained as to the existence and direction of causality
between the variables named have not been consistent or conclusive to date [2,43]. In
the reviewed studies, researchers have analysed the indicated links in different contexts:
temporal, spatial and statistical. The researchers have been guided by specific criteria and
have considered a variety of time horizons, macroeconomic variables and datasets, both for
individual countries and for groups of countries [4,5,43]. The empirical results also differ
due to statistical methods and econometric techniques employed, etc. [2,13,45,49]. The
inconclusive results might also be attributed to differences between individual countries
(developing countries, transition economies and developed economies) [21]. After all,
the EU consists of a heterogeneous group of countries that differ, for example, in their
spatial conditions, availability of own energy sources, energy infrastructure, distribution
system, energy pricing structure, share of carbon-intensive fuels in the energy mix and
a variety of other factors [1,22]. This results in difficulties as far as a comparison of the
findings and conclusions reached is concerned, which comparison would provide a starting
point for making recommendations on political implications that might be followed in
various countries.

6. Conclusions

Based on the present study, it can be concluded that European Union countries still
vary significantly in terms of energy consumption and the distance between the countries
consuming relatively the most (Luxembourg, Finland, Belgium) and the least (Romania,
Malta, Croatia) energy is large. Nevertheless, the gap between the countries as regards
energy consumption has narrowed slightly in the last decade, as has the consumption
of energy itself, both primary and final, which is definitely a positive conclusion. As
the results of the study have shown, countries with the highest energy consumption
have relatively more often seen their energy consumption drop in the last decade than
countries with lower energy consumption. This is confirmed by a significant correlation
coefficient and the conclusion should be regarded as a positive aspect arising from the study.
Energy consumption in individual sectors of the economy also varies significantly, with the
highest consumption in the transport sector, followed by slightly lower consumption in the
industrial and households sector and the lowest consumption in the commercial and public
services sector. In the industrial, commercial and public services and households sector,
energy consumption decreased between 2010 and 2019 but it increased in the transport
sector, with countries such as Bulgaria, Lithuania, Hungary, Poland and Romania being
the main contributors to this effect.

The share of renewable energy in energy consumption averages 20% in EU (27)
countries. This share increased in all countries (except Hungary) over the period under
analysis but the very wide gap between the countries which are leaders in the use of
energy from renewable sources (Sweden, Finland, Austria) and those with the lowest
share of this type of energy (Luxembourg, Malta, the Netherlands) still remains. Excessive
and irrational usage of energy by society and the economy has a negative impact on
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environmental pollution. The share of greenhouse gas emissions from energy as a % of
total emissions in EU (27) countries is 75%, with Estonia and Poland contributing the most
to the pollution, and Ireland, Lithuania and Malta—the least. Estonia and Poland are also
the only countries where greenhouse gas emissions from energy consumption have grown
in the last decade and this shows them in a very bad light compared to other EU (27)
Member States. The results of the correlation analysis have confirmed that countries that
are significantly the major emitters of greenhouse gases from energy have increased their
emissions even more in the last decade.

In addition, the analyses within this study have demonstrated that there is a significant
positive correlation between all of the indicators characterising: total primary energy
consumption, total final energy consumption and final energy consumption in individual
sectors such as industry, transport, commercial and public services and households. This
means that the same countries consume relatively the largest and the smallest amounts of
energy overall and in individual economic sectors. Similar significant positive correlations
and statements can be made with regard to the share of renewable energy in individual EU
(27) countries.

One of the key conclusions reached as part of attainment of the objective of this
study and verification of the hypothesis formulated at the beginning of the paper is the
confirmation of the fact that there are significant positive correlations between the level of
economic development of the EU (27) countries and primary and final energy consumption
as well as energy consumption in individual sectors of the economy. Thus, it should be
emphasised that the level of economic development of the countries significantly affects
the level of energy consumption and the consumption significantly increases with the
GDP growth of the country. It may also be concluded from the study that environmental
pollution by EU (27) countries through the emission of greenhouse gases from energy
increases with increasing consumption of primary and final energy and with decreasing
consumption of renewable energy sources.

Conclusions from the studies can be helpful and provide suggestions for institutions
and policy makers of individual EU countries in formulating new programme assumptions
and implementing future activities in the design of energy system changes and energy pol-
icy. Such an approach is relevant for the development of a low-carbon economy. It deserves
to be emphasised that striving for sustainable energy consumption is a long and difficult
process. Therefore, further research is needed to identify the links between energy demand
and consumption in general and in specific sectors of the economy, and the implementation
of the long-term energy strategy of individual countries across Europe. This would allow
to formulate significant implications and actions towards the development of renewable
energy consumption and the improvement of energy use efficiency, hence the success of
the energy transition, will become achievable.
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