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Abstract: The electricity production sector has a significant share of final energy consumption and
has a huge potential to use more renewable energy sources. Over the last two decades, the European
Union (EU) reform of electricity markets has had positive results, and market liberalization acts as
a stimulus for energy efficiency, lower prices, and technological progress. Today’s EU policy for
the development of electricity and the entire energy sector seeks to provide system modernization,
stability, reinforcement of the single market, and implementation of climate change policy with an
emphasis on the decarbonization of energy sources and the increase of energy efficiency. After all of
the EU efforts to form an electricity sector in member states, it is necessary to assess the efficiency of
the policy implemented and to identify the results achieved in shaping a sustainable electricity sector.
The purpose of this article is to carry out a sustainability assessment of the electricity sector in the EU
countries. A set of eight indicators designed to assess the sustainability of the electricity sector of
different EU countries in 2017 has been drawn up. The assessment is made using the multi-criteria
decision-making method (MCDM) Technique for Order Preference (TOPSIS). The assessment shows
that the electricity market of Slovenia is the most sustainable, with Luxembourg in the second position
in the EU.

Keywords: renewable energy; electricity sector; renewable electricity; multi-criteria decision-making;
MCDM; TOPSIS; European Union; sustainable energy; sustainability assessment

1. Introduction

Many countries are setting ambitious targets for their energy sector with the emphasis on
developing a safe, sustainable, environmental, resource-efficient, and low-carbon energy sector [1].
In 2005, there were only 43 countries with national renewable electricity, renewable heating/cooling,
or renewable transport targets. During the decade until 2015, the number of countries with national
renewable energy targets increased to 164. One hundred and fifty of them had renewable electricity
targets, 59 had renewable transport targets, and 47 countries had renewable heating/cooling targets [2].
This re-orientation is encouraged by both public demands and political motives, such as the United
Nations’ Sustainable Development Goals, the 2015 Paris Agreement, etc. The costs of energy production
has a significant and substantial impact on the development of energy generated from renewable
energy sources (RES). The costs of solar photovoltaic (PV) modules declined by approximately 80%
from 2010 until 2017, while levelised costs of electricity generated from solar PV declined from 0.36 to
0.1 USD/kWh in 2016, which is more than a 72% reduction [2]. As far as wind energy is concerned,
global onshore wind total installed costs declined from 1843 to 1477 USD/kWh in 2016, which is about
a 20% decrease. The costs of onshore wind energy are getting similar to the costs of hydropower.
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Levelised costs of electricity for onshore wind declined by around 25% from 2010 to 2017 and cost
about 0.06 USD/kWh [1,2].

Cost reduction and country promotion policies, as well as market activation measures, have a
positive impact on the use of RES for energy generation: from 2010 to 2018, global solar PV installed
capacity grew more than 12 times from 39.603 MW to 480.357 MW, global onshore wind installed
capacity increased more than 3 times from 177.798 MW to 540.370 MW, while global solid biomass
installed capacity almost doubled from 48.540 MW to 83.063 MW. However, despite this relatively fast
growth, 85% of electricity should be generated from RES by 2050 in order to meet the targets of the Paris
Agreement. Thus, solar and wind power capacity should grow from 1.000 GW in 2018 to 13.000 GW in
2050 [3]. This means that it is necessary to increase the annual wind energy growth by three times
and the growth of solar energy by two times if compared with the rates in 2018. Szabo et al. [4] has
modelled the chances of South-East European countries reaching 85% of electricity generated from RES
by 2050. In the performed modelling, the South-East European region, which consists of nine European
countries (three of them are the European Union (EU) members) may reach and even exceed 85%.
However, the input of individual countries varies significantly and in order to reach such a high level
of electricity generated from RES in the region, the countries with high RES potential (e.g., Albania and
Montenegro) should become electricity exporters, while other countries, such as Bulgaria or Serbia,
would be dependent on energy import. Regional policy and market instruments play an important
role in this case.

The importance of energy sector planning and energy demand modelling has significantly
increased over the past decades, and scientists are trying to predict and model the most efficient
methods to move towards sustainable energy system. In order to find out whether policy instruments
and investment in certain projects are efficient, it is very important to measure and evaluate achievements
in the fight against climate change [5]. The research done by Chaton and Guillerminet [6] reveals that
a feed-in tariff policy increases investment in the development of wind power plants and solar PV
stations in France. However, this increase in competition may distort the market and increase CO2

emissions in electricity generation sector, although the share of RES in the end-use energy consumption
would be higher. In addition, a feed-in tariff policy is the most expensive in terms of social welfare
because consumers have to pay for more expensive energy due to increased electricity prices. Therefore,
such a policy becomes useful to new market players and for the implementation of official RES goals
but is less efficient for CO2 reduction and is unfavourable to end users. The results of the study
carried out by Lehmann et al. [7] confirm the conclusions of the study discussed above, though the
subsidization of RES was considered to be ambiguous: on the one hand, it can help to remove or
reduce the use of gas and oil for electricity generation, and on the other hand, it increases the use of
coal for electricity generation.

The electricity generation sector has the greatest potential in the European Union (EU) to reduce
greenhouse gas (GHG) emissions [8]. Corsateaa and Giaccaria [9] made a simulation of 13 EU countries
whose CO2 emissions account for 40% of total EU emissions and found out that an increase of
technological efficiency might help to reach a decline of 5.6% in CO2 emissions. If such an effect was
achieved, the target to reduce CO2 emissions in the electricity production sector by 90% by 2050 (if
compared with 1990) would be met. The survey made by Knopf et al. [10] that focused on the analysis
of economic costs and investment in RES in the electricity sector revealed that in order to reach the
target set by the European Commission to generate 27% of energy from RES by 2030, the share of RES
in the electricity sector should be 49%. It has also been noted that the cost-effective share of RES in the
electricity sector varies from 43 to 56%, depending on the country’s infrastructure, economic situation,
available energy capacities, etc.

The EU has set ambitious goals in the fight against climate change; therefore, the energy policy of
the region is developed consistently in all energy sectors. Strategies are developed, targets are set for the
member states, infrastructure projects are initiated and funded, and market competitiveness measures
are developed and implemented in order to achieve energy policy goals. Electricity consumption in
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the three largest end-use sectors (industry, buildings, and transport) is projected to double by 40% in
2050 (in 2015, it accounted for around 20%) [2]. Therefore, technological progress, new business, and
market models that create new opportunities and promote RES development in end-use sectors are
very important. After all of the EU actions to form the electricity sector in member states, it is necessary
to assess the efficiency of the policy implemented and to identify the results achieved in shaping a
sustainable electricity sector. The purpose of this article is to carry out a sustainability assessment of the
electricity sector in the EU countries. The assessment is made using the latest available statistical data
of 2017 and a multi-criteria decision-making method (MCDM) technique for order preference (TOPSIS).

The EU policy for the electricity sector and the main indicators of the sector are presented in the
second part of the paper. The third part of the paper focuses on the assessment methodology where
the assessment indicators are selected and justification of a MCDM method is given. Results and
conclusions of the assessment are given in the fourth part of the paper.

2. EU Policy in the Electricity Sector

The development of a common EU electricity market is 27 years in the making and it is still
in process. In the policy of the electricity sector of the member states, actions and regulations are
mainly based on the EU agreements and targets [11]. EU legislation and directives issued since
1990 have gradually harmonized the structure of the electricity sector in the member states and a
common electricity policy is currently being implemented for the whole region. The most significant
changes in the sector include the liberalization of retail and wholesale markets, as well as the
separation of production and transmission of activities and the establishment of independent national
regulatory instruments.

When the world realized the consequences of climate change and clearly identified the significance
of the energy sector in it, the EU, while implementing energy policy in the region, has started to focus
on the implementation of targets through various directives and regulations. Today, the EU seeks the
main four targets in climate change and energy policy.

The first target is to reduce GHG emissions by 20% by 2020 from the 1990 levels (5407 MtCO2e),
which is a 14% reduction from the 2005 levels (4915 MtCO2e) [12]. Furthermore, the target for 2030
is even more ambitious: to reduce GHG emissions by 40% compared to 1990. All large industrial
producers, including power plants, are obliged not to exceed a certain level of CO2 emissions, i.e.,
the EU Emissions Trading System (EU ETS) has set the target to reduce CO2 emissions by 21% by 2020
compared to 2005 [13]. According to the study carried out by Thema et al. [14], a reduction of CO2

emissions up to 30% compared to 2005 can be reached if appropriate measures are chosen.
A total of 20% of final energy consumption is aimed to be generated from RES (i.e., in the transport

sector, heating and cooling sector, and electricity sector) by 2020, and by 27% by 2030 [15] is a second
target.. Since the use of RES for transport sector, and for the heating and cooling sector, is significantly
more complex, the electricity sector will have to reach a significantly higher share than 20% by 2020 in
order to reach the target.

The third target is to increase energy efficiency by 20% by 2020 and more than 20% (try to reach
30% higher efficiency) by 2030. Figure 1 provides the EU-28 primary and final energy consumption
distance to the 2020 and 2030 targets. Primary energy consumption measures the total energy demand
of a country and covers the consumption of the energy sector itself, losses during the transformation
and distribution of energy, and the final consumption by end users. The final energy consumption is the
energy that reaches the final consumer’s and excludes that which is used by the energy sector itself. It is
natural that 2030 targets are significantly less achieved than 2020 targets. Figure 1 reveals that none of
the targets in 2017 were achieved. Final energy consumption target was the only one that was achieved
and was exceeded 1.88% in 2014; however, this rate again increased in 2015 and has been growing for
the last three years. This is related to a higher demand for energy in almost all EU countries, so both
final energy consumption, and primary consumption targets can be achieved by a significant increase
in the efficiency of technologies and mechanisms promoting energy saving. Household equipment
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is one of the sectors in which efficiency can be increased. As far as households are concerned, they
consume the highest share of energy for information technologies and entertainment. According to
surveys, if you choose more efficient technologies and combine them with sustainable consumption,
and try not to waste energy, it is possible then to save up to 48% of energy that is used in households
for information technologies and entertainment [16]. As far as the industry sector is concerned, the
results can be even more significant.
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The fourth target is to expand electricity interconnection by at least 10% by 2020 and at least by
15% by 2030 compared to the 2014 electricity interconnection level.

The policy of the electricity sector implemented by the EU can be grouped in the following two
stages: policy in order to liberalize electricity sector, and policy for smarter and more sustainable
electricity sector [17]. The main steps toward the liberalization and development of a sustainable
electricity market are given in Tables 1 and 2.

2.1. Policy That Seeks to Liberalize Electricity Sector

For the whole century since 1878 when electricity was commercialized, only one company was in
charge of electricity generation, transmission, and distribution to end users, as well as the management
of the whole electricity system. This vertical integration of all functions was a typical model of
electricity industry management all over the world and was accompanied by monopoly legalization,
i.e., only one company was provided with the legal possibility to supply electricity to users. This
model of electricity industry management has become akin to a rule and there were no discussions,
neither at scientific nor at political level, regarding changing this state of affairs. However, it was
understood in the long run that this market management model is not efficient, and the market has
been gradually liberalized in different parts of the world, including the EU.

The reasons for electricity market liberalization can be divided into the following four groups:

(1) Efficiency, costs, and prices (i.e., improved productivity of electricity industry, increased economic
efficiency, lower electricity prices; improved work productivity, creation of competition, user
choice, privatization);

(2) Development and reliability of renewable energy (i.e., to promote demand management, reduce
the impact on the environment, improve reliability of electricity supply, eliminate price anomalies);
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(3) Increasing investment and changes of capital structure (i.e., to increase trust of investors, reduce
government debt, reduce state ownership, promote foreign investment, develop capital markets);

(4) Social welfare (i.e., to raise accessibility, accelerate electrification).

Table 1. Policy instruments for the EU electricity market liberalization. Source: data from [18–20].

Years Policy Instrument Main Aspects

1996 The First Energy Package,
Directive 96/92/EC [18]

• Unbundling generation from transmission
and distribution

• Competition for electricity generation
• Open market for large consumers
• Non-discriminatory access to networks
• Distribution system operator responsibility is to

provide a secure, reliable, and efficient service

2003 The Second Energy Package,
Directive 2003/54/EC [19]

• Retail market competition for households
• Network activities unbundling
• National Regulatory Authorities were established
• Distribution system operator became responsible

for providing information for efficient access to
the networks

2009 The Third Energy Package,
Directive 2009/72/EC [20]

• Procedures to switch retail supplier
• Procedures to unbundle ownership for

transmission system operators
• Underlined importance of modernizing electricity

distribution networks
• Underlined importance of smart grids and

energy efficiency

Table 2. Policy instruments for the smarter and more sustainable EU electricity. Source: data from [15,21–23].

Years Policy Instrument Main Aspects

2010 Energy 2020 [21]

• Set 2020 targets for energy efficiency
• Set target that all EU countries are not isolated from

the internal energy market by 2015
• Deployment of low carbon technologies
• Integration of neighbouring countries into EU

internal energy market

2011 Energy Roadmap 2050 [15]

• Set 2050 targets for low carbon economy
• A framework for power sector decarbonization
• The scenario analysis exploring possibilities toward

energy decarbonisation

2015 Energy Union Package [22]

• Implementation of previous energy goals are
further supported by the Energy Union framework

• Five interrelated and mutually strengthening
dimensions (energy security; the internal EU energy
market; energy efficiency; decarbonisation; research,
innovation, and competitiveness)

2016 Clean Energy for All Europeans [23]

• The revised Renewable Energy Directive
• Framework for renewable electricity
• Empowering and informing consumers
• Attention to the EU binding targets
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Liberalization of electricity markets in the EU is based on the directives. The main political
instruments and their contribution in the process of liberalization of EU electricity markets are given in
Table 1.

Liberalization of electricity markets gave the following results: a decrease in wholesale prices of
electricity, more choices to consumers as suppliers compete and are forced to reduce prices and provide
better services, and competition has been strengthened in the sector on legal bases. However, the
dependence on import, old infrastructure, a lack of investment, not a fully functioning retail market,
the need to fight against climate change, and a move towards the economy of low-carbon technologies
are still the challenges facing the EU energy sector today.

2.2. Policy That Seeks Smarter and More Sustainable Electricity

The amount of GHG emissions declined by 22% in the EU from 1990 until 2017, whereas the
economy rose by 58% within the same period. A systematic policy of the EU and the member states,
as well as the introduction of low-carbon technologies, have contributed to the results achieved.
Innovations, including progress related to the development of RES and the efficiency of energy
consumption, have become the main stimulus to reducing emissions. As far as the electricity sector is
concerned, the development of a smarter and more sustainable electricity sector is based on the EU
strategies and documents. The main policy instruments are presented in Table 2.

Today’s policy for the development of electricity and the entire energy sector seeks for system
modernization, stability, and reinforcement of the single market, and implementation of climate
change policy with the emphasis on decarbonization of energy sources and increasing of energy
efficiency [21–23]. Public and private investments in the energy sector are expected to amount to
approximately EUR 177 billion annually (from 2021), which may increase the GDP by 1% within the
next decade.

It should also be noted that the EU is currently updating its energy policy system in order to
easily move toward clean energy and adapt it to the latest technologies of the 21st century and further
develop them. Negotiations on the supplements of all new energy legislation have been completed
and new documents will be officially published and approved in 2019. The latest amendments are
expected to be an important step toward the establishment of the Energy Union and fulfilment of the
commitments of the EU Paris Agreement. Recent changes will encourage European consumers to
become active players in the energy sector. It will also set the following two new EU targets for 2030:
to fulfil at least 32% of its total energy needs with renewables, and to increase energy efficiency by
at least 32.5%. New targets promote competitiveness, economic growth, job creation, reduce energy
prices, and contribute to the fulfilment of climate change goals. Table 3 provides the main indicators
for monitoring the progress of the electricity sector toward Energy Union objectives.
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Table 3. Indicators for monitoring the progress of the electricity sector toward Energy Union objectives.

Country

Unit Electricity
Interconnection

Market
Concentration

Index

Wholesale
Electricity

Prices

Annual Switching
Rates–Electricity
Retail Markets

Share of RES in Gross
Final Electricity
Consumption

% of Installed
Capacity, 2017 0–10,000, 2015 Euro/MWh,

2017
% of Total

Consumers, 2015
% of Gross Final

Consumption, 2017

EU28 NA 3725.78 43.79 6.23156 30.75
Austria 15.31 1600.63 35.37 2.3 72.17
Belgium 18.95 3208.8 44.85 NA 17.24
Bulgaria 7.08 3210.43 39.3 NA 19.12
Croatia 51.99 7304.97 NA 2.32 46.42
Cyprus NA 9551.25 NA 0 8.9

Czech Republic 19.3 4072.01 37 3.6 13.65
Denmark 50.57 932.98 30.97 NA 60.36
Estonia 23.67 7134.23 33.22 2 17.03
Finland 28.78 1087.98 33.21 12.5 35.22
France 9.44 5928.58 45.3 4.3 19.91

Germany 8.95 377.87 34.7 8.7 34.41
Greece 10.6 3480.26 54.7 0.33 24.47

Hungary 58.25 2123.74 50.36 NA 7.49
Ireland 7.41 2318.55 46.91 14 30.09

Italy 8.18 814.86 53.94 8 34.1
Latvia 23.67 9080.26 34.7 0 54.36

Lithuania 23.67 5055.44 35.15 0 18.25
Luxembourg 109.22 5405.14 NA 0.07 8.05

Malta 24.24 9297.4 NA NA 6.58
Netherlands 18.11 949.55 39.41 15.1 13.8

Poland 4.05 1541.77 37.52 0.86 13.09
Portugal 8.73 3155.75 53.42 26.56 54.17
Romania 6.92 1367.48 48.38 0.066 41.63
Slovakia 43.29 5694.96 40.98 2.74 21.34
Slovenia 83.56 5872.69 49.52 6.65 32.43

Spain 5.79 968.57 53.84 10.73 36.34
Sweden 25.61 2079.41 31.38 10.3 65.89

United Kingdom ≈5.00 706.19 51.76 12.2 28.11

NA: Not available. Source: data from [12,24].

Electricity interconnection shows how much the country’s electricity networks are connected with
other countries. The three Baltic States (Estonia, Latvia, and Lithuania) are not synchronized with
the European network, but the projects by which these countries will be connected to the European
network are already being implemented. Electricity connections between the member states are a
prerequisite for the full functioning in the EU electricity markets and for cross-border energy sharing.
At present, European electricity transmission systems, in particular cross-border interconnection lines,
are insufficient to enable the internal market to function properly and to help address the energy
isolation of some European regions. Luxembourg (109.22%) and Slovenia (83.56%) have the biggest
electricity interconnection in 2017, and even 10 countries have electricity interconnection that is less than
10% of installed capacity. The latest report on the state of the Energy Union [25] states that 11 member
states have not yet reached the 10% electricity interconnection target (Bulgaria, Cyprus, Germany,
Spain, France, Ireland, Italy, Poland, Portugal, Romania, and the United Kingdom). The European
Commission also forecasts that four countries, specifically Cyprus, Spain, Poland, and the United
Kingdom, will not, however, reach the target by 2020.

A single European energy network is essential for Europe’s energy security, for bigger competition
in the internal market that would lead to more competitive prices, and in order to achieve the EU
objectives of reducing fossil fuel dependency and climate policy objectives more smoothly. A single
network will help achieve the overriding objective of the Energy Union, i.e., to ensure safe and
sustainable supply of affordable energy, as well as growth and creating jobs across the EU [26]. In 2002,
the European Council set itself the objective of increasing EU electricity interconnection by 10% of
installed electricity production, followed by an extension by 2020. In 2014, the European Commission
proposed that this target should be increased to 15% by 2030. In the same year, the European Council
endorsed the target of 15%, underlining that electricity interconnection projects must be implemented
in an integrated manner together with other energy infrastructure projects [25]. According to a study
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prepared by the European Commission [26], a properly interconnected European energy network
could save EUR 12–40 billion annually to European consumers by 2030.

The market concentration index is based on the Herfindahl–Hirschman Index (HHI) and is
calculated as the sum of the square market shares of the three largest power generation companies,
expressed as a percentage of the total installed capacity where 10,000 means a single supplier (monopoly).
The calculations show that the HHI of six countries is less than 1000, which means that the electricity
markets of those countries are not very concentrated (Denmark, Germany, Italy, Netherlands, Spain,
the United Kingdom). However, there are countries where the electricity market is highly concentrated;
for example, there is an HHI of more than 9000 in Latvia and Cyprus, and the index is also very high
(more than 7000) in Estonia and Croatia.

Annual switching rates (electricity retail markets) show the percentage of end users having
switched to other electricity suppliers. The liberalization of electricity markets has enabled consumers
to freely choose their electricity supplier. According to the data of 2015, only about 6% of end users in
the EU switched to a new electricity supplier. Most of the switches occurred in Portugal (26.56%) and
in the Netherlands (15.1%). Low switching to new supplies may be due to liberalization procedures
that were not completed back in 2015 or due to the lack of consumer information. Customer switching
also depends on the lack of financial incentives, which may result from the regulated electricity prices,
complex procedures, or simply due to the absence of an automated and user-friendly process [27].

However, even a few years after market liberalization, consumers in some member states are
sluggishly switching to new electricity supplier. In terms of the annual switching rates of non-household
consumers, it also fluctuates very strongly. The countries with a switching rate of more than 25% are
Poland (60%), Italy (38.4%), Lithuania (28.4%), Romania (28.4%), and Portugal (27.7%). However, there
are countries where this indicator is less than 10%; for example, in Luxembourg this indicator is only
1.3%, in Finland 6%, and in Greece 6.6%.

The EU has set different targets for the member states for the use of RES in energy production.
Those targets vary widely (depending on the country’s potential to implement them) from 10% for
Malta to 49% for Sweden. As can be seen from the characteristics of the countries presented in
Table 2, some countries use a lot of RES for electricity generation, such as Austria (72.17%), Sweden
(65.89%), Denmark (60.36%), Latvia (54.36%), Portugal (54.17%), and Croatia (46.42%), while others
use very little RES, such as Malta (6.58%), Hungary (7.49%), Luxembourg (8.05%), and Cyprus (8.9%).
The sustainability of the electricity sector in the country can be analysed using a set of indicators.
In some respects, the indicators can be very positive and even exemplary, but negative in others.

Identifying which countries have the most sustainable electricity sector would be very difficult
without MCDM methods. The next section provides a justification of the selection of sustainability
assessment indicators for the EU electricity sector and describes the MCDM method used.

3. Assessment Methodology

3.1. Selection of Assessment Indicators

Indicators that are properly analyzed and interpreted can be a useful tool in making the decisions
related to the issues of energy expansion and sustainable development, both for policy makers and for
the public. Indicators provide an opportunity to systematize and explain statistical data that affect
the state of the environment, economic development, and social welfare. Properly selected indicators
can also be used to monitor progress, and assess policy decisions and their relevance with respect
to sustainable development objectives. In this study, the procedure for selecting a set of evaluation
indicators consisted of four stages:

I. review and analysis of indicators;
II. dividing indicators into groups;
III. prioritization of indicators;
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IV. testing of indicators and creation of the final set of indicators (verification of reliability of indicators,
checking whether the indicators duplicate each other or not, etc.).

In the first stage, a set of indicators, which include economic, social, environmental, and other
characteristics of the electricity sector, is created. Initially, a higher number of indicators of certain
categories may be defined, for example, descriptive, normalized, comparative, structural, stress,
decomposition, causal, consequence, and physical indicators [28]. In the second stage, indicators are
divided into groups. When selecting indicators, great attention is paid to their simplicity, realism,
comparability, technical-scientific compliance, compliance with international standards, and quality of
the statistics. In the third stage, taking into account the time horizon and the impact of the indicators
on the human and the environment, the priority of the indicators is determined, i.e., their importance
in the overall set of indicators. The fourth stage provides an opportunity to supplement and adjust the
set of indicators, and a final set of indicators is formed.

A set of indicators for assessing the sustainability of the electricity sector has been developed on
the basis of a methodology developed by the International Atomic Energy Agency, United Nations
Department of Economic and Social Affairs, International Energy Agency, Eurostat, and European
Environment Agency [29], and is also based on the analysis of scientific literature (analysis of methods
for sustainable energy system planning [30–32] and impact analysis [33], analysis of methods for
renewable energy development [34–37], analysis of alternative methodologies for analysing off-grid
electricity supply [38], and analysis of empirical studies that are based on MCDM methods (the Analytic
Hierarchy Process (AHP), Analytic Network Process (ANP) [39–41], Fuzzy Sets [42]; the Weighted
Sum Model (WSM) [43], Monte Carlo Simulation [44]).

After summarizing the results and taking into account the possibility of obtaining reliable
and accurate statistical data, a set of eight indicators designed to assess the sustainability of the
electricity sector of different EU countries in 2017 was drawn up. The grouping of indicators reflecting
sustainability can be varied. In order to achieve the objective of this article, the indicators were grouped
into three groups of indicators: economic, environmental, and energy security.

Wholesale and retail electricity prices (measurement - kWh/Eur, PPS, including taxes and levies)
are the main economic indicators for assessing the sustainability of the EU electricity sector. The aim
is to keep the prices as low as possible, which is one of the main reasons for the implementation of
liberalization of the electricity markets.

The environmental dimension of assessment of the sustainability of the electricity sector is
particularly important for the implementation of international commitments and for the implementation
of strategic long-term environmental, climate change plans. The main environmental indicators for
assessing the sustainability of the EU electricity sector are as follows: distribution losses in electricity
(measurement - %/GWh from final electricity consumption) and transformation losses in electricity
(measurement - tonne of oil equivalent (TOE)/GWh from gross electricity production), and share
of renewable energy in gross final energy consumption (measurement - % in gross final electricity
consumption). According to statistical data, about 80% of the energy reaches the end users. A large
part of energy is lost in production, supply, and distribution activities. For this reason, distribution
and transformation losses represent a very important indicator in measuring the sustainability of the
electricity sector from the point of view of environmental protection because it shows the effectiveness
of activities, and the aim is to keep the indicator as low as possible. Share of renewable energy shows
the level of the implementation of EU 2020 and 2030 objectives and strategies, as well as a variety of
manufacturers’ structure, and the aim is to maximize the indicator.

The main indicators of energy security for assessing the sustainability of the EU electricity
sector were as follows: electricity interconnection (measurement—% of installed capacity), electricity
demand fulfilment with inland production (measurement—% of gross electricity production of inland
demand), and imported electricity from non-EU countries (measurement—% of imported electricity
from non-EU countries of final consumption). The more electricity connections the country has, the
more energy-secure it is, and its market is more competitive, which leads to more competitive energy
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prices. Demand fulfilment with inland production is also aimed at being as high as possible. The more
the country can satisfy its internal energy demand, the more energy-independent it is. The EU’s
energy strategies foresee the development of a single EU energy market with the objective of being
independent of energy imports from non-EU countries. The aim is to minimize the value of the
indicator of imported electricity from non-EU countries.

All indicators in this study have the same weight, except for distribution and transformation losses.
The relative weight of these indicators is less than half that of the others as they are usually measured
together. However, the presentation of statistical data made it difficult to combine their values into one
single indicator. Table 4 presents indicators of sustainability assessment for the electricity sector in all
28 EU countries, measurement units, and target values:

Table 4. Indicators for the assessment of sustainability of electricity sector, 2017.

Economic Environmental Energy Security

Indicator
Wholesale
Electricity

Prices

Household
Electricity

Prices

Distribution
Losses

Transformation
Losses

Share of
Renewable

Energy

Electricity
Interconnection

Demand
Fulfilment

Import
Dependency
from Non-EU

Countries

Measurement kWh/Eur kWh/Eur %, GWh TOE/GWh % % % %

Target value min min min min max max max min

Weight 1/7 1/7 1/14 1/14 1/7 1/7 1/7 1/7
Belgium 0.2265 0.4726 4.44 0.1059 17.24 18.95 99.00 0.00
Bulgaria 0.2715 0.2093 11.07 0.1315 19.12 7.08 130.62 0.36

Czech Republic 0.3005 0.4082 7.41 0.0670 13.65 19.3 133.30 0.00
Denmark 0.2257 0.2768 5.20 0.0002 60.36 50.57 91.51 16.85
Germany 0.2648 0.4464 5.09 0.0735 34.41 8.95 117.08 0.00
Estonia 0.1745 0.1870 10.09 0.1243 17.03 23.67 151.80 0.00
Ireland 0.1961 0.3786 8.38 0.0653 30.09 7.41 106.41 0.00
Greece 0.2426 0.2522 1.98 0.0656 24.47 10.6 97.44 8.98
Spain 0.3437 0.6325 11.19 0.0920 36.34 5.79 101.97 0.00
France 0.1596 0.2747 8.70 0.1344 19.91 9.44 114.56 1.45
Croatia 0.2234 0.3066 10.75 0.0172 46.42 51.99 65.88 22.77

Italy 0.2732 0.3151 6.18 0.0520 34.1 8.18 92.29 7.15
Cyprus 0.2400 0.2725 5.02 0.1250 8.9 0.00 104.73 0.00
Latvia 0.3282 0.2756 7.31 0.0200 54.36 23.67 108.22 14.72

Lithuania 0.2236 0.1842 8.34 0.0300 18.25 23.67 35.27 40.49
Luxembourg 0.1179 0.2237 2.44 0.0119 8.05 109.22 34.13 0.00

Hungary 0.2252 0.2182 8.72 0.0825 7.49 58.25 75.47 12.28
Malta 0.2506 0.4464 5.72 0.0951 6.58 24.24 66.93 0.00

Netherlands 0.1777 0.3245 4.86 0.0482 13.8 18.11 100.25 4.47
Austria 0.1744 0.3430 5.11 0.0182 72.17 15.31 103.93 0.71
Poland 0.3310 0.3331 6.83 0.0029 13.09 4.05 108.98 0.61

Portugal 0.3088 0.4872 10.70 0.0611 54.17 8.73 112.64 0.00
Romania 0.2284 0.2609 14.31 0.0736 41.63 6.92 114.82 2.54
Slovenia 0.1978 0.3119 6.56 0.0582 32.43 83.56 112.47 0.00
Slovakia 0.3447 0.3461 4.68 0.0274 21.34 43.29 98.09 0.03
Finland 0.0883 0.2774 3.36 0.0587 35.22 28.78 79.40 7.39
Sweden 0.1322 0.2914 6.50 0.0652 65.89 25.61 118.22 6.97

United Kingdom 0.1667 0.2530 8.49 0.0775 28.11 5.00 101.23 0.00

Sources: data from [12,24].

3.2. MCDM Tool

The use of the MCDM methods in recent years has become particularly popular in dealing
with different issues in the energy sector. The MCDM methods are actively used to solve energy
sustainability problems, where the most popular in this field are AHP, ANP, Fuzzy Set theory, TOPSIS,
the Preference Ranking Organization Method for Enrichment Evaluation (PROMETHEE), Elimination
and Choice Transcribing Reality (ELECTRE) methods [31,45,46]. To determine which EU country’s
electricity sector is the most sustainable, the multi-criteria evaluation TOPSIS method was used
for calculations.

The TOPSIS method was proposed in 1980 by scientists Hwang and Yoon [47]. They developed a
methodology for prioritizing variants based on the concept that the optimal alternative has the least
distance from the optimal solution and the maximum distance from the worst. Each variant criterion
has a tendency for monotonically increasing or decreasing utility. Therefore, it is easy to determine the
ideal and opposite to ideal solutions. The essence of the TOPSIS method is that the selected alternative
must have the shortest distance from the ideal solution and the maximum distance from the worst
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solution. The best solution or, in the case of this study, the ranking of countries under this method, was
achieved in accordance with the following seven steps:

Step 1. Creating the decision matrix, which has m alternatives and n criteria:

D =
[
xi j

]
=

a1

a2

. . .
am



X1 X2 . . . Xn

x11 x12 . . . x1n
x21 x22 . . . x2n

. . . . . . . . . . . .
xm1 xm2 . . . xmn


(1)

Step 2. Obtaining the normalized matrix using Equation (2):

xi j =
xi j√
m∑

i=1
x2

i j

; i = 1, m,; j = 1, n, (2)

Step 3. Calculate the weighted normalized matrix:

V =


w1r11 w2r12 . . . wnr1n
w1r21 w2r22 . . . wnr2n

. . . . . . . . . . . .
w1rm1 w2rm2 . . . wnrmn

;
n∑

j=1

w j = 1 (3)

Step 4. The positive A+ and negative A− ideal solutions could be found using:

A+ =
{
max jvi j

∣∣∣i ∈ I), (min jvi j
∣∣∣i ∈ I′), j = 1, n,

}
=

{
v+1, v+2 . . . v+n

}
; (4)

A− =
{
min jvi j

∣∣∣i ∈ I), (max jvi j
∣∣∣i ∈ I′), j = 1, n,

}
=

{
v−1, v−2 . . . v−n

}
(5)

Step 5. Calculation of the relative distance of each solution from the positive and negative
ideal solution:

S+
i =

√√√ n∑
j=1

(
vi j − v+j

)2
, j = 1, m, (6)

S−i =

√√√ n∑
j=1

(
vi j − v−j

)2
,i = 1, m, (7)

Step 6. Calculation of the relative closeness of each alternative to the ideal solution:

Ci =
S+

i

S+
i + S−i

(8)

Step 7. Choosing the best variant, i.e., the variant that is the closest to one. The closer the Ci value
is close to one, the closer the i variant is to A+, i.e., the best variant will be the one with the highest Ci
value. Based on the values of Ci, a series of priorities of variants was created.

4. The Results of the Assessment of Sustainability of EU Countries’ Electricity Sector

The results of the assessment of sustainability of EU countries’ electricity sector following the
assessment using the TOPSIS method are given in Table 5. Comparing with other countries, the
electricity market of Slovenia was the most sustainable (0.7515), and Luxembourg was in second
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position (0.7091). These two countries were noticeably far away from other comparable countries. As
far as Slovenia was concerned, although electricity prices for the household consumers in the country
were not the lowest, the country was characterized by a high interconnection of electricity networks,
the full satisfaction of demand for electricity with domestically produced energy, and it was completely
independent of electricity imports from non-EU countries. Luxembourg had low electricity prices,
low distribution and transformation losses, and a high level of interconnection of electricity networks.
The country was also independent of electricity produced outside the EU. Austria was in third position
(0.6224), Slovakia was in fourth position (0.6149), and Sweden was in fifth position (0.6139).

Table 5. The results of the assessment of sustainability of EU countries’ electricity sector, 2017.

Alternatives Si
+ * Si

− ** Ci *** Rank
Slovenia 0.043 0.131 0.752 1

Luxembourg 0.059 0.143 0.709 2
Austria 0.075 0.123 0.622 3
Slovakia 0.073 0.116 0.615 4
Sweden 0.069 0.110 0.614 5
Estonia 0.083 0.118 0.587 6

Denmark 0.067 0.095 0.585 7
Finland 0.074 0.103 0.582 8
Portugal 0.088 0.114 0.565 9

United Kingdom 0.090 0.114 0.559 10
Germany 0.088 0.112 0.559 11
Ireland 0.089 0.112 0.558 12

Czech Republic 0.089 0.112 0.557 13
Romania 0.088 0.109 0.555 14
Belgium 0.089 0.110 0.553 15
Hungary 0.078 0.094 0.548 16

France 0.092 0.110 0.546 17
Malta 0.092 0.109 0.544 18

Netherlands 0.087 0.103 0.543 19
Bulgaria 0.095 0.113 0.543 20
Poland 0.098 0.111 0.531 21
Spain 0.099 0.109 0.523 22

Cyprus 0.102 0.112 0.523 23
Italy 0.090 0.096 0.517 24

Latvia 0.083 0.089 0.517 25
Greece 0.091 0.094 0.509 26
Croatia 0.083 0.078 0.485 27

Lithuania 0.135 0.048 0.264 28
* relative distance from the positive ideal solution; ** relative distance from the negative ideal solution; *** the
relative closeness to the ideal solution.

Lithuania (0.2644) took the last position in the ranking and this country’s evaluation was very far
from the penultimate position, i.e., Croatia (0.4845) was in 27th position. The evaluation results of all
21 other countries, i.e., from the sixth position to the 26th, did not differ so drastically and fell within
the range (0.5874–0.5086). The main reason for Lithuania’s low rating was its dependence on electricity
imports (40.5%) from non-EU countries, namely Russia and Belarus. Electricity supplied from these
countries respectively accounted for 14.8% and 25.7% of the country’s total electricity consumption.
Croatia ranked 27th for the same main reason; 22.8% of energy consumed in the country was supplied
from Bosnia and Herzegovina (17.7%) and Serbia (5.1%).

Electricity is an essential part of the energy system, but today it is not a major part of the energy
sector in many EU countries. Meeting the heating needs consumes the largest share of energy in 25
of the 28 EU countries, and meeting the heat demand also consumes more energy than cooling in all
EU countries. In this context, it can be argued that decisions regarding heating and cooling can have
a major impact on the further development of the electricity sector. For example, electrification of



Energies 2019, 12, 2254 13 of 16

heating and ventilation systems can double the demand for electricity [48]. Also, switching to electric
cars in the future will require more electricity [49]. This accordingly presupposes that the development
of RES in the electricity sector can have a major impact on the overall sustainability of the energy sector
in the future. Therefore, it is very important to assess the sustainability of the electricity sector and
to perform the assessment of the used market instruments in different countries and across the EU.
The current focus on the electricity sector in the EU common and in the national energy policies of the
member states is not properly addressed. The current energy policy is rather related to centralized
energy planning, and in many countries, with the implementation of EU documents. Electricity prices
vary widely across the EU. This is mainly influenced by market competition. Unfortunately, in many
countries the price is too low. This is revealed by the HHI (Table 3) and the share of RES for electricity
generation. With regard to market activation measures in installing RES for electricity generation,
some kind of stagnation in communication with the end users can be noticed as there is still a lack
of initiatives to encourage end users to adopt sustainable technologies; in some countries, there is
also a lack of information on promotion opportunities, the use of the State funding, possible benefits,
etc. The new documents planned in 2019 are expected to provide effective measures that encourage
RES development for energy production in the final sectors. Countries also need to be cautious about
granting subsidies for electricity production from RES, which are set by the ETS. Electricity generation
from RES is criticized in scientific literature and in various empirical studies for its high costs and lack
of benefits [6,7,50,51]. In some countries, subsidizing electricity production from RES can lead to high
electricity prices.

The study conducted by Manolopoulosa et al. [52] revealed that bureaucracy (lengthy
administrative procedures, disagreements over responsibilities between national authorities), changing
government (processes slow down before and after the elections, procedures change), and public
objections to new projects that slow down their implementation or lead to their postponement are the
main barriers that are encountered in Greece when it comes to increasing RES in electricity generation.
It can be assumed that other countries where the level of bureaucracy is high encounter similar barriers
to the development of RES in the electricity sector.

It follows from the EU electricity sector sustainability assessment that Slovenia and Luxembourg
have the most sustainable electricity sectors, while Lithuania and Croatia are the least sustainable
sectors compared to other EU countries. Looking at individual indicators of the countries that describe
the electricity sectors, it can be said that, although significant results have been achieved over the
last decade, today’s results are insufficient to combat climate change. The policy of promoting the
reduction of GHG emission for energy generation from RES is necessary to increase the sustainability
of the electricity sector. Looking at the set EU targets, it should be much more aggressive in order to
achieve the targets set by the deadlines established. Properly selected policy measures can promote
implementing more efficient technologies and attract investment to the electricity sector. When
implemented at the same time, the climate change mitigation policy and the RES promoting policy
help to ensure each other’s implementation [53,54], i.e., they have a synergistic effect, and this leads to
lower and more stable costs for both policies.

5. Conclusions

Over the last two decades, the EU reform of electricity markets has had positive results, and market
liberalization acts as a stimulus for efficiency, lower electricity prices, and technological progress. In the
policy of the electricity sector in the EU member states, actions and regulations are mainly based on the
EU agreements and targets, which are seeking to solve climate change and energy security problems.

In this study, a set of eight indicators for assessing the sustainability of the electricity sector was
developed where the indicators were grouped into three groups: economic, environmental, and energy
security. The set of indicators can be used to assess electricity sector sustainability of different regions
or countries. In future research, the set of indicators could be extended according to the specific
of assessment.
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The electricity sector of Slovenia was the most sustainable in the EU in 2017, and Luxembourg
was in second position. Although electricity prices for the household consumers in Slovenia were
not the lowest, the country was characterized by a very high interconnection of electricity networks,
the fulfilment of demand for electricity with domestically produced energy, and it was completely
independent of electricity imports from non-EU countries. Luxembourg had low electricity prices
and low distribution and transformation losses, and the highest level of interconnection of electricity
networks in the EU. The country was also independent of electricity produced outside the EU.

The last position was taken by Lithuania in the ranking and this country’s evaluation was very
far from the penultimate position (Croatia). The main reason for Lithuania’s lowest rating was
its dependence on electricity imports (40.5%) from non-EU countries, namely Russia and Belarus.
Electricity supplied from these countries respectively accounts for 14.8% and 25.7% of the country’s
total electricity consumption. Austria was in third position, Slovakia in fourth, and Sweden in fifth
position. The evaluation results of all 21 other countries, i.e., from the sixth position to the 26th, did
not differ so drastically.

After analysis, it could be concluded that in most EU countries, retail electricity markets suffer
from low levels of competition and passive consumer participation in the market. The share of
renewable energy in gross final electricity consumption was too low in many EU countries. Nowadays,
it is very important to actively use policy instruments that seek smarter and more sustainable electricity
production, distribution, and use. Unfortunately, despite technical innovations, such as smart grids,
smart homes, and the availability of independent power generation technologies, consumers were
not sufficiently informed and encouraged to participate actively in the electricity markets. As a result,
consumers lost the ability to control and manage their energy consumption, which would include cost
savings and the search for more efficient consumption.
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