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ABSTRACT: An unsustainable energy mix and energy overconsumption contribute to negative processes such

as environmental pressure or energy dependency. The aim of the article is to assess the European
Union countries situation in terms of sustainable energy consumption. Eurostat was were used in
the analyses. The research was based on synthetic indicators for 2017 data. A non-standard method
was used. In accordance with the assumptions of sustainable energy consumption, six indicators
were proposed: primary energy consumption (2005=100), final energy consumption (2005=100),
share of renewable energy in energy consumption, deficit/surplus in the 2020 renewable energy
sources consumption target, energy import dependency (%), greenhouse gas emissions intensity of
energy consumption (2000=100). The share of renewable energy in energy consumption and defi-
cit/surplus in the 2020 renewable energy sources consumption target are stimulants, other features
are destimulants. The European Union countries were classified into four groups due to the situation
in terms of sustainable energy consumption (first class — favorable situation, second class — quite
favorable situation, third class — rather unfavorable situation, fourth class — unfavorable situation).
According to the results in twelve countries the situation was identified as favorable or quite favo-
rable, while in the other sixteen countries as rather unfavorable and unfavorable. However, all
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countries have entered the path of necessary changes. It is important to continue monitoring and
analyzing the progress of European Union countries in the field of energy and climate policy.

Keyworbps: European Union, energy policy, energy efficiency, renewable energy consumption,
energy dependency

Introduction

The huge humanity demand for energy has contributed to many negative processes, such as
environmental pressure or energy dependency. For the world, sustainable development is the an-
swer to anthropogenic pressure (Giddings et al. 2002; Gericke et al. 2019; Purvis et al. 2019). Su-
stainable development covers all spheres of human life and activity, including the energy sector.

Sustainable development and the energy sector development are related together in the con-
cept of sustainable energy development. The main directions of sustainable energy development
include access to sufficient energy not only to the present, but also for the future generations
and reduction the negative environmental impact of energy production and consumption (Lior
2008). Sustainable energy development is also associated with the need to solve the high energy
dependency problem (Ozcan and Ozturk 2019). Therefore the intention of most energy-related
policies is to achieve the more effective use of energy and sources and more sustainable actions
for the environment (Si et al. 2018).

World organizations have begun the fight for a sustainable energy sector. The World Bank
Group Energy Sector’s directions for sustainable energy in the future include: achieving univer-
sal access, accelerating improvements in energy efficiency, and increasing the share of renewable
energy (WB 2013). The International Energy Agency — an autonomous intergovernmental orga-
nization established in the framework of the Organization for Economic Co-operation and Deve-
lopment — is involved in clean energy campaigns (IEA 2019). The 2030 Agenda for Sustainable
Development, adopted by all United Nations Member States in 2015, includes energy goals:
SDG 7 “ensure access to affordable, reliable sustainable and modern energy for all” and SDG
13 “take urgent action to combat climate change and its impacts” (UN 2019). Actions to achieve
sustainable goals require integration at different areas: sectors (including the energy sector),
actors and countries (Stafford-Smith et al. 2017). Regardless of the sector, achieving sustainable
development goals requires changes in consumption (Bengtsson et al. 2018) — including the
energy sector and sustainable energy consumption.

The European Union has been working on its energy policy for many years. This is evidenced
by numerous strategic documents and regulations. At the end of this year, the implementation
time of the 2020 climate & energy package is lapsing. The EU made a commitment to reduce
greenhouse gas emissions by at least 20% below 1990 levels by 2020, while improving ener-
gy efficiency by 20% and increasing the share of renewable energy sources to 20% (Directive
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2009/28/EC; Eurostat 2018). On February 25, 2015, the energy union strategy was published
(EC 2015). The strategy aims to build an energy union that will provide consumers in the EU
with secure, sustainable, competitive and affordable energy. The Energy Union consists of five
related dimensions: ensuring energy security through trust and cooperation between EU coun-
tries, an integrated internal energy market, improved energy efficiency which will reduce de-
pendence on energy imports, climate campaign and decarbonizing the economy, research and
innovation supporting clean energy technologies.

Based on the European Union guidelines for necessary changes in energy consumption —
a sustainable energy consumption model should be associated with a reduction in energy con-
sumption (energy efficiency increase), an increase in the share of renewable energy in energy
consumption (limiting non-renewable sources), energy independence (growing importance of
local resources) and reducing greenhouse gas emissions. In looking for answers to the questions
whether the actions taken are sufficient and whether the European Union countries are involved
to a similar degree, the aim of the article is to assess the EU countries situation in terms of susta-
inable energy consumption.

1. Research method

The research was based on synthetic indicators for 2017 data. A non-standard method was
used. In accordance with the assumptions of sustainable energy consumption, six indicators were
proposed: primary energy consumption (2005=100), final energy consumption (2005=100), sha-
re of renewable energy in energy consumption, deficit/surplus in the 2020 RES consumption tar-
get, energy import dependency (%), greenhouse gas emissions intensity of energy consumption
(2000=100). The features refer to: energy efficiency, renewable energy consumption, energy
dependency and greenhouse gas emissions. Eurostat data were used in the analyses.

The share of renewable energy in energy consumption and deficit/surplus in the 2020 RES
consumption target are stimulants. Other features are destimulants. Diagnostic features were
normalized (Wysocki and Lira 2003; Wysocki 2010):

4 stimulants:
x;; —min{x;; }

_ y
K max{xij}—mjn{xii} (D

4 destimulants:

max {x;; } — x;;

Zij = 2

max {xij }—min {xij }
i i
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where:
i=1,2,.,nj=12,...m
Xjj — value of the j-th feature in the statistical unit with the number 7,
min {x;} — minimum value of x;,
max {x;} — maximum value of x;.

In the next step synthetic indicators (g;) were calculated using the formula (Wojciechowski
and Wojtkowski 2015; Parysek and Wojtasiewicz 1979):

m
zzl'j 3)
Jj=1
q; =
m
where:
i=1,2,.,nj=12,..,m
Zj — normalized value of Xjs
m — number of features.

The average (q,) and standard deviation (s,) of synthetic indicators (g;) were used to divide
the European Union countries. Four classes were identified (Wysocki and Lira 2003):
4 15t class — favorable situation (¢;>= g, + S¢)s
4 27 ¢lass — quite favorable situation (9at54>9,>= 94,
4 3" class — rather unfavorable situation (g, > ¢,>= q,— S¢),
4+ 4™ class — unfavorable situation (¢;< g, — 8g)-

2. Results

In 2017 (Table 1) energy efficiency measured by energy consumption indicators in the
EU-28 has improved when compared to 2005, due to the primary energy consumption — over
9 p.p., while the final energy consumption — almost 6 p.p. The share of renewable sources
in energy consumption reached almost 17.5%, which means a deficit in relation to the 2020
indicator target set at 20%. The energy dependence at the level of over 55% in comparison to
previous years shows a slight upward trend. The level of greenhouse gas emissions intensity
of energy consumption decreased by 13.5 p.p. compared to 2000. Based on these indicators,
synthetic indicators were calculated for each of the European Union countries. Four classes
were identified according to the situation in terms of sustainable energy consumption (Table 2
and Fig. 1).
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TABLE 1. Situation in terms of sustainable energy consumption in EU in 2017 —
researched features by country

TABELA 1. Sytuacja w zakresie zrownowazonej konsumpcji energii w UE w 2017 roku —
badane cechy wedtug krajow

. Greenhouse
Primary . Share of Deﬁmt/_ gas emissions
L energy Final Sy energy from fsurplus in ]?nergy intensity
Specification - consumption renewable the 2020 RES import of energy
(2005=100) (2005=100) sources con::rrg; tion | dependency consumption
(2000=100)
EU-28 90.76 94.07 17.48 -2.52 55.14 86.50
Belgium 95.22 98.63 9.06 -3.94 74.81 82.40
Bulgaria 95.42 97.58 18.70 2.70 39.51 107.90
Czechia 94.90 97.51 14.80 1.80 37.18 76.90
Denmark 91.77 95.75 35.04 5.04 12.24 67.30
Germany 92.69 99.50 15.47 -2.53 63.96 93.60
Estonia 111.78 99.56 29.13 413 4.10 101.60
Ireland 96.28 92.64 10.59 -5.41 67.03 84.70
Greece 76.64 79.68 16.95 -1.05 71.07 83.30
Spain 92.11 86.21 17.56 —2.44 73.83 84.70
France 91.66 92.71 16.01 -6.99 48.64 83.20
Croatia 91.16 95.65 27.28 7.28 53.14 90.40
Italy 82.37 83.94 18.27 1.27 76.98 82.40
Cyprus 102.39 101.70 10.49 -2.51 95.93 97.80
Latvia 99.40 99.90 39.02 -0.98 44.05 83.90
Lithuania 76.55 114.48 26.04 3.04 75.06 102.50
Luxembourg 89.90 93.30 6.29 -4.71 95.55 91.60
Hungary 92.97 98.82 13.52 0.52 62.54 79.80
Malta 88.13 134.01 7.27 -2.73 103.30 62.90
Netherlands 92.83 93.03 6.46 -7.54 51.97 95.20
Austria 100.29 102.66 33.14 -0.86 63.94 85.30
Poland 112.74 121.34 10.96 —4.04 38.30 90.10
Portugal 91.83 87.16 30.61 -0.39 77.93 86.80
Romania 89.89 94.33 24.45 0.45 23.12 83.10
Slovenia 95.93 101.08 21.06 -3.94 51.02 86.20
Slovakia 92.74 96.27 11.47 -2.54 64.85 83.00
Finland 95.61 100.19 40.92 2.92 44.18 73.20
Sweden 94.28 96.42 54.20 5.20 26.76 70.50
United Kingdom 79.14 87.35 9.73 -5.27 35.59 84.40

Source: own study based on: Eurostat Database.
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TABLE 2. Situation in terms of sustainable energy consumption in EU in 2017 —
researched features by classes

TABELA 2. Sytuacja w zakresie zrownowazonej konsumpcji energii w UE w 2017 roku —
badane cechy wedtug klas

Specification 18t class | 2 class | 3" class | 4% class | EU-28
Primary energy consumption (2005=100) 93.89 90.79 92.90 97.20 90.76
Final energy consumption (2005=100) 97.45 91.68 98.23 108.68 94.07
Share of energy from renewable sources 43.39 23.36 17.51 8.29 17.48
Deficit/surplus in the 2020 RES consumption target 4.39 0.80 -2.03 -4.31 -2.52
Energy import dependency 27.73 47.02 62.29 77.01 55.14
(C;rgggili)g(s); gas emissions intensity of energy consumption 7033 35.87 3848 37,52 36.50

Source: own study based on: Eurostat Database.

class

1st
2nd
3rd
4th

L

St o

Fig. 1. Situation in terms of sustainable energy consumption in the EU in 2017 — researched classes by country
Source: own study based on: Eurostat Database

Rys. 1. Sytuacja w zakresie zrownowazonej konsumpcji energii w UE w 2017 roku — badane klasy wedtug krajow
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The first class covers Denmark, Finland and Sweden. Three countries of Northern Europe are
characterized by a favorable situation in terms of sustainable energy consumption. Scandinavian
countries are distinguished by the most favorable indicators values in the renewable energy
consumption. In these countries, the share of renewable sources in energy consumption exceeds
43% on average (Denmark — 35%, Finland — 41%, Sweden — 51%). The Nordic countries have
natural conditions for renewable energy production — coastal areas allow for wind energy use,
and mountainous areas (in Sweden and Finland) for the use of hydropower. In addition, agri-
cultural and forestry biomass is used. The fairly widespread use of renewable energy results in
these countries have already exceeding the 2020 targets (Denmark and Sweden over 5%, Finland
almost 3%). The situation of these countries in terms of energy dependence is quite favorable —
mainly due to Denmark and Sweden, which are among the most energy independent countries.
Greenhouse gas emissions intensity of energy consumption by the 15 class countries has been si-
gnificantly reduced compared to 2000 — almost 30 p.p. on average (only Malta achieved a better
result). The energy efficiency of Scandinavian countries is below average (the 2 class countries
achieved better results, while the 3" class countries achieved a similar result). However, the geo-
graphical and climatic conditions of Northern European countries contribute to greater energy
needs (shorter days, cooler months).

The second class consists of nine countries (Czechia, Estonia, Greece, Croatia, Italy, Latvia,
Portugal, Romania and the United Kingdom). These countries represent quite a favorable si-
tuation in terms of sustainable energy consumption. Generally, this group has the best energy
efficiency situation. In the 2" class countries the level of primary energy consumption decreased
over 9 p.p., and final energy consumption over 8 p.p. compared to 2005. However, the situation
of individual countries is quite diverse. Czechia, Estonia and Latvia are characterized by higher
values of these indicators (in Estonia the level of primary energy consumption exceeded the
value from 2005). The Southern European countries are in a better position due to climatic and
geographical conditions — contrary to Northern Europe, there are fewer cold days requiring ad-
ditional heating and more daylight, not requiring artificial lighting. In the 2" group the share of
renewable sources in energy consumption reached 23% — more than in the EU-28. The lowest
value are characteristic of: the United Kingdom (below 10%), Czechia, Greece and Italy — se-
veral percent each, and the remaining countries — over 20% (Latvia 30%). The diversity is due
to, among others, national energy sources. The richness of local sources contributes to energy
independence. The 24 class dependence reached 47%, therefore, this group includes the most
energy independent country — Estonia. The country’s energy mix is based on renewable energy
sources and oil sands — both sources are national. However, high CO, emissions are associated
with the use of oil sands, which has increased in Estonia’s energy sector compared to 2000. This
level decreased in other 2™ class countries.

The third class includes eleven countries (Belgium, Bulgaria, Germany, Ireland, Spain, Fran-
ce, Lithuania, Hungary, Austria, Slovenia and Slovakia). These countries are characterized by
a rather unfavorable situation in terms of sustainable energy consumption. This is the largest and
most diverse group. Energy efficiency indicators exceeded the EU-28 level. Austria, exceeded
the 2005 level for both primary and final energy consumption (hence despite the large share of
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renewable energy in the energy mix, the country’s position is in the 3™ class). Moreover, in terms
of final energy consumption, Lithuania and Slovenia exceeded 100. The 3rd class renewable
energy indicators reflect the level of the EU-28. A majority of the 3rd group countries have not
yet achieved the 2020 target (except Bulgaria, Lithuania and Hungary). The analyzed countries
are quite energy dependent. The indicator does not exceed 50%. only in Bulgaria and France.
This is associated with the use of coal in Bulgaria and nuclear energy in France. However, these
sources are not sustainable. In the 3™ class countries, greenhouse gas emissions intensity of
energy consumption decreased compared to 2000, while in Bulgaria and Lithuania the indicator
exceeded 100, in other countries it exceeds 80%.

The fourth class includes five countries (Netherlands, Malta, Luxembourg, Cyprus and Po-
land). These countries are characterized by an unfavorable situation in terms of sustainable ener-
gy consumption. The indicators of energy efficiency, renewable energy consumption and energy
dependence are the least favorable in this group — according to the other groups. Generally,
compared to 2005, primary energy consumption decreased only slightly (and even increased in
Poland and Cyprus). Final energy consumption increased (consumption decreased only in the
Benelux countries) — this is the only growth group among the EU-28 countries. The fourth group
countries are characterized by the lowest share of renewable sources in energy consumption —
next to Belgium, United Kingdom and Ireland — not exceeding 11%. The 4t class countries
did not reach the 2020 target. Luxembourg, Cyprus and Malta are the most energy dependent
countries of the European Union — due to the dominance of oil in energy consumption, as well
as the lack of own resources. These are very small, specific countries — Cyprus and Malta are
islands. Poland is in a better situation, which results from its own hard and brown coal sources.
However, coal energy consumption is associated with significant CO, emissions. In the 4th class
countries, the greenhouse gas emissions intensity of energy consumption compared to 2000 is
slightly lower than in the 3 class, mainly due to Malta, which achieved the best result among all
EU countries. However, until recently Malta has almost entirely based its energy sector on crude
oil. Currently, Malta’s energy mix also includes natural gas and, to a small extent, renewable
energy sources. In the other 4 class countries, the greenhouse gas emissions intensity of energy
consumption exceeded 90% compared to 2000.

3. Discussion

According to the World Bank Group’s Energy efforts to improve energy efficiency are one of
the most cost-effective ways to expand supply and reduce the energy environmental impact (WB
2013). Moreover, energy transition — from fossil fuels to renewable energy sources — is necessary
for many reasons. Two of them are particularly important. Firstly— increased renewable energy
intensity leads to a decline in greenhouse gas emissions (Dong et al. 2018). Secondly — replacing
fossil fuels by renewable energy sources reduces countries’ demand for energy imports and their
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dependence on exporting countries (Gokgoz and Giivercin 2018). Therefore, the environment
is not the only one that needs the energy transition from non-renewable to renewable sources.
Other events contribute to this process: concerns over energy security especially high and vo-
latile crude oil prices and high dependency on foreign energy supply (Ozcan and Ozturk 2019).

The increase in the share of renewable energy in energy consumption causes the decrease of
the non-renewable energy consumption. This transition is associated with long-term changes —
particularly difficult for member states that base their energy mix on non-renewable sources
(Ossowska 2019).

Due to greenhouse gas emissions nuclear energy is a special case. This type of energy does
not contribute to CO, emissions (Lee et al. 2017), but it this not sustainable energy due to the
Three Mile Island, Chernobyl or Fukushima accidents (Friedman 2011). The case of France
shows how difficult it is to give up this type of energy for renewable energy. The coal-rich co-
untries are a similar problem, especially in Central and Eastern Europe, these countries rely on
their own energy resources. This is related to the use of local resources and energy independence
(Ringel and Knodt 2018). Access to energy sources is the basis for the functioning of the econo-
my. If the economy meets the energy needs based on its own resources, it is not dependent on the
other countries (Janiszewska 2019).

It is hard to reach all sustainable energy goals simultaneously and it is difficult to define what
to achieve in first order. The goals are interrelated. The acceleration of CO, reduction can be
one of the main driving forces for renewable policy not only at European Union level by also at
global level (Blazquez et al. 2018).

The European Union is aware of major challenges from the increased threats of climate
change, with serious consequences in the energy sector. The European Union countries continue
changes by establishing the next stages of policies on climate and energy. The European Union
set a CO, reduction target of at least 40% below 1990 levels by 2030 and targets of at least 27%
for renewable energy and energy efficiency by 2030. The next step includes the long-term 2050
target (EC 2016; EP 2019). It is very important to continue energy policy actions. A long-term,
stable energy policy and regulations guarantee the development of the energy sector in a given
direction (Paska and Surma 2013).

Conclusions

According to the aim of the article the situation of the EU countries in terms of sustainable
energy consumption was assessed. In 12 countries the situation was identified as favorable or
quite favorable, while in other 16 countries as rather unfavorable and unfavorable. However, all
countries have entered the path of necessary changes.

According to energy resources versus exploitation and greenhouse gas versus emissions, the
increase of the share of renewable sources in energy consumption is a necessary but insufficient
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action. A complex approach to the energy sector is needed, taking the optimization of energy
consumption, replacing fossil and other non-renewable fuels with renewable sources into acco-
unt. Together, these activities contribute to reducing CO, emissions.

Striving for sustainable energy consumption is a long and difficult process. Energy demand
in the European Union countries is diverse. Due to the specific geographical and climatic con-
ditions - quite larger in Northern Europe and quite smaller in Southern Europe. The importance
of renewable energy sources in the energy mix also varies from country to country. The main
reasons are national capabilities and resources. It is more difficult to make changes in countries
with non-renewable energy sources, especially if they have limited possibilities in renewable
sources. Countries using their own sources (even non-renewable) are characterized by a lesser
dependence on energy. In addition, the consequences of Brexit are still difficult to define for the
European Union. All these problems mean that the European Union countries still have a long
way to go in sustainable energy consumption, but the positive fact is that the change has already
begun. It is important to continue monitoring and analyzing the progress of European Union
countries in the field of energy and climate policy.
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Luiza Julita Ossowska, Dorota Agnieszka JANISZEWSKA

W kierunku zréwnowazonej konsumpgji energii
w Unii Europejskiej

Streszczenie

Niezrownowazony mix energetyczny i nadmierna konsumpcja energii prowadza do negatywnych pro-
cesOw, takich jak presja srodowiskowa czy zalezno$¢ energetyczna. W zwiazku z tym celem artykutu jest
ocena sytuacji krajow Unii Europejskiej w zakresie zrownowazonej konsumpcji energii. Dane pochodza
z Eurostatu. Zakres czasowy obejmuje 2017 rok. Analiz¢ przeprowadzono w oparciu o mierniki syntetycz-
ne. Zastosowano metoda bezwzorcowa. Nawiazujac do zrownowazonej konsumpcji energii uwzgledniono
sze$¢ wskaznikow: konsumpcje energii pierwotnej (2005=100), konsumpcj¢ energii finalnej (2005=100),
udziat Zrédel odnawialnych w konsumpcji energii, niedobdr/nadwyzka realizacji celu w zakresie udziatu
odnawialnych zrédet w konsumpcji energii do 2020 roku, zalezno$¢ energetyczna (%), intensywnos$¢ emisji
gazow cieplarnianych w zuzyciu energii (2000=100). Udzial zroédet odnawialnych w konsumpcji energii
oraz niedobor/nadwyzka realizacji celu 2020 sg stymulantami, pozostate cechy to destymulanty. Kraje Unii
Europejskiej podzielono na cztery zréznicowane grupy z uwagi na sytuacj¢ w zakresie zrownowazonej
konsumpcji energii (klasa pierwsza — sytuacja korzystna, klasa druga — sytuacja do§¢ korzystna, klasa
trzecia — sytuacja raczej niekorzystna, klasa czwarta — sytuacja niekorzystna). Zgodnie z wynikami w dwu-
nastu krajach sytuacje okreslono jako korzystng lub do$¢ korzystna, natomiast w kolejnych szesnascie
jako niekorzystna lub raczej niekorzystna. Jednak wszystkie kraje wkroczyty na droge niezbednych zmian.
Wazne jest dalsze monitorowanie i analizowanie postepow krajéow Unii Europejskiej w zakresie polityki
energetycznej i klimatyczne;j.

SLowA KLUCZOWE: efektywno$¢ energetyczna, Unia Europejska, polityka energetyczna,
konsumpcja energii odnawialnej, zaleznos¢ energetyczna
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