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Abstract: The most important goals on the Europe 2020 Strategy contained were the climate/energy
goals, which determine the achievement of other targets of the strategy. The aim of the article is to
evaluate the implementation of the climate/energy targets of the Europe 2020 Strategy by the EU
Member States in 2010 and 2019 and to compare the results achieved by them. To measure them, a
basic set of indicators was used for this purpose, which the authors supplemented with additional
indicators. The evaluation was done using the taxonomic and zero-unitarization method. They
made it possible to integrate all indicators. Moreover, the added value in relation to other studies
is: the use of individual indicators, instead of general ones obtaining additional information about
the internal structure and nature of the implementation of multidimensional groups of targets and
focusing solely on the achievement of climate/energy targets. The achieved results not only reflect
the progress of the Member States in achieving the climate/energy targets and the differences in
the level of achieving objectives between countries, but they are also discussion on future strategic
objectives, their indicators and necessary directions for a further community climate/energy policy.

Keywords: Europe 2020 Index; EU climate/energy; indicators; classifications of countries; zero-
unitarization method

1. Introduction

Global climate change is one of the fundamental problems of our time. Generally
speaking, it is caused by substances and processes influencing the Earth’s energy balance.
These factors are both natural and anthropogenic [1]. The main cause of anthropogenic
climate change is the increased scale of the greenhouse effect triggered by men and occur-
ring due to greenhouse gases of natural and anthropological origin. Particularly dangerous
gases of anthropological origin, the emissions of which must be significantly reduced,
are defined in the Kyoto Protocol [2] and the Montreal Protocol [3]. The most harmful
greenhouse gas is CO2. Anthropogenic CO2 emissions origin from three main areas of
activity: combustion of coal, oil and gas (mainly by energy, industry and transport), various
technological processes and changes in land use.

A significant reduction of greenhouse gas emissions, especially carbon dioxide and
methane, is a necessary measure to curb climate change [4]. This means a significant
reduction in fossil fuels, which are responsible for nearly two-thirds of global greenhouse
gas emissions [5]. Fossil fuels constitute a non-renewable resource and are depleted quickly.
The beneficial consequences of ceasing to use fossil fuels towards alternative energy sources,
will be the reduction of air pollution, reduction of external costs related to fuel extraction
and building future-oriented, innovative sectors of the economy [6].

The analysis of the costs of inhibiting climate change carried out by W. Nordhaus [7]
proves that:

(1) Climate change can be kept in a safe place. If the world takes intensive and effective
action towards this goal, with the universal participation of all countries, it is possible
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to achieve the target set at the COP15 climate summit in Copenhagen (2009) [8], which
was to limit the growth of the global temperature to 2 ◦C.

(2) Achieving the goal requires concerted international cooperation and the effective-
ness of actions taken. The imperative of international cooperation means that most
countries should join common efforts relatively quickly.

(3) The effectiveness of climate projects requires not only the universal participation of
all countries, but also mutual concern for the reduction of costs incurred. An effective
climate program cannot have excessively differentiated mitigation costs across sectors
and countries.

This means that solving the significant problem of climate change depends on the
close, real and effective cooperation of all states. Meeting this condition turned out to be
most difficult, as evidenced by the unfulfilled climate and energy targets set in previous
international agreements. The greatest commitment to their implementation is shown by
the EU, which has reduced greenhouse gas emissions to the greatest extent and started
the transformation towards a zero-emission economy. The EU has consistently taken steps
obliging its members to take appropriate actions in this regard. This has been expressed
in the Europe 2020 Strategy, in force from 2010 to 2020. Europe 2020 Strategy is the com-
pleted European Union (EU) ten-year program of socio-economic development covering
economic, social and environmental goals. One of its three main priorities was sustainable
development: supporting a more resource-efficient, greener and more competitive econ-
omy [9]. The overriding goal, a of this priority was the following package of climate/energy
targets (referred to as 3x20):

• Reduction of CO2 emissions by at least 20% compared to the level as of 1990 or, if
conditions permit, by up to 30%.

• Increasing the share of renewable energy sources (RES) in total energy consumption
to 20%.

• Increasing the efficiency of energy use by 20%.

Their implementation is very important, both for the EU and the whole world. They
condition the achievement of other targets of the strategy (including providing people
with an adequate level and quality of life through, among others, healthy living conditions
or reducing energy poverty). To measure them, a set of synthetic indicators (4) has been
established, which make it possible to compare achievements at the national, community
and international level. In 2015—after the United Nations announced the 2030 Agenda,
which the EU actively participated in developing, adequately to its goal No. 7—the list
of indicators was extended to 8. This goal corresponds to the EU energy and climate
policy [10], therefore it has adopted indicators for monitoring its results to measure the
climate/energy objectives of the Europe 2020 Strategy. Due to the expiry of the Europe
2020 Strategy, it is necessary to verify whether the EU has fulfilled the adopted obligations.
Hence the purpose of the article is to assess the implementation of the goals set in the
climate/energy targets of the Europe 2020 Strategy by the EU Member States in 2010 and
2019, as well as to compare the results achieved by them. Additionally, the article attempts
to answer 3 research questions:

1. Have climate/energy targets been achieved?
2. How do the EU-28 countries differ in terms of their level of achievement?
3. Are there significant differences in the level of achieving the climate/energy targets

among countries?

For the purposes of the article, the taxonomic research with application of zero-
unitarization method has been used, which allows for a synthetic assessment of EU coun-
tries according to the level of implementation of the climate/energy target package. The
Europe 2020 strategy (3x20) and an analysis of changes in achievements for each of the
three groups of goals in the package. This method allows to integrate the indicators used
to report on the goal of the 7th Agenda 2030 and indicators additionally selected for this
analysis by the authors—which is an extension of the previously used set of variables
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serving this purpose. It should be noted that literature on the subject, as well as the EU
documents assess the target implementation:

• Usually comprehensively for all its purposes [11–15], rarely for selected groups [16].
• Only based on main indicators [17,18].
• In most cases based on time series/percentage analysis [17,19,20].
• Through development scenarios [21–23] or qualitative analysis of the solutions used [24,25].

The added value of the article, in addition to the extensive set of measurement indi-
cators, is: focusing only on the implementation of climate/energy targets of Europe 2020,
obtaining additional information about the internal structure and nature of implementing
multidimensional goals, the use of individual, not total indicators, which better show the
achievement of the main objective.

The rest of the article is organized as follows: a synthetic presentation of the EU’s
commitment to the implementation of the climate/energy targets of the Europe 2020
Strategy and beyond 2020, literature review, description of the research methodology,
presentation of the results of two research stages in 28 EU states. The first stage assesses the
Member States’ implementation of the climate/energy target package of the Europe 2020
Strategy using a synthetic measure (SM). The SM indicates the achievements of countries
in implementing all of the climate/energy targets of the Europe 2020 Strategy. However, it
does not show the degree of achieving individual goals from the 3x20 package. Therefore,
the second stage of the research estimates the separate synthetic measures of achieving
the three goals. This allowed to identify differences in the level of their implementation
by individual countries and to determine which area negatively/positively influenced the
final results. The achieved results reflect not only the progress of the Member States in
meeting the climate and energy targets, but also the discussion on future strategic goals
and their indicators. The article ends with a summary containing conclusions from the
analysis, answers to the questions posed and recommendations/suggestions for further
actions/research directions.

2. Review of Documents and Literature
2.1. Review of Documents

The European Union stands out with its high commitment and experience in com-
bating climate change and ensuring sustainable energy, both at the international and
intra-Community level. Since its founding in 1993, EU representatives and institutions
have taken various initiatives/actions that prioritize climate challenges. They are adequate
to the arrangements at the international level. Figure 1 presents the calendar of the most
important EU initiatives in the studied area against the background of global actions.

The Europe 2020 Strategy adopted the climate/energy targets package (the so-called
3x20) until 2020:

• Reduction of CO2 emissions by at least 20% compared to the level as of 1990 (or, if
possible, by as much as 30%).

• Increasing the share of renewable energy sources (RES) in total energy consumption
to 20%.

• Increasing the efficiency of energy use by 20%.

This package was integral with the leading initiative “Resource-efficient Europe”. The
purpose of the document was to help decouple economic growth from the use of resources,
support the shift towards a low carbon economy, increase the use of renewable energy
sources, modernise our transport sector and promote energy efficiency. In addition to these
regulations, other initiatives had also been adopted, including reforming the European
emissions trading system or implementing emission reduction commitments in sectors
non-ETS, strengthening the combat against global warming.
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In 2015, the EU’s progress in meeting climate/energy targets was significantly more
advanced in comparison to other countries. Nevertheless, during the COP 21 conference
(2015) in Paris, it turned out that it is insufficient in relation to the existing climate situation.
It was indicated that it was necessary to intensify actions in this area not only within the
EU, but also by other countries in the world [26]. The Paris Agreement was adopted at
COP 21 [27], which was a milestone in the multilateral process of climate change. 196
countries have signed the Agreement, committing to limit global warming in the 21st
century to levels well below 2 ◦C in relation to the levels from the pre-industrial era and
to continue efforts to keep temperature increases below 1.5 ◦C. In addition, the purpose
of the agreement is to increase the ability of countries to cope with the effects of climate
change. These commitments mean that the shared global goal is now to become carbon
neutral by 2050. New to the agreement to enhance the global response to climate change is
the establishment of binding commitments by all Parties to prepare, deliver and maintain
a nationally determined contribution (NDC) and to apply national measures in order
to achieve them. It also orders that the Parties will provide precise information on the
achievement of the objectives every five years.

The EU is fully committed to implement the Paris Agreement and its long-term goals.
Five years upon its signing, it is becoming a leader in fulfilling its obligations [28]. It urges
not only its members, but also other countries to rapidly raise the level of global ambition
in connection with the need to reduce greenhouse gases by 80% compared to 1990 in three
decades. The EU’s response to climate/energy challenges is the largest regulatory package
in the history of the Community, “Clean Energy for all Europeans”, the so-called “Winter
Package” (2016, details agreed in 2018) [29]. It introduces the legal framework of the
five dimensions of the Energy Union that the Community is striving to achieve. Namely:
increasing energy efficiency, building a single internal energy market, decarbonisation,
increasing energy security and greater innovation and competitiveness of the European
energy sector. One of the main aims of the winter package is to integrate energy and
climate policies more closely, enabling the achievement of climate goals through energy
policy measures. It consists of eight legal acts which the Member States have two years to
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implement. Only the new features introduced by the package concerning strictly climate
goals have been listed below.

One of the most strategic changes resulting from the package is harmonizing planning
and coordination of the implementation of national energy policies at the EU level. This
is to ensure the implementation of the EU’s RES and energy efficiency targets for 2030,
greater efficiency in reducing CO2 emissions (a reduction of 40% compared to the level in
1990), increasing competition in the energy market and thus limiting the increasing energy
prices for consumers in the EU. The changes will result from new EU instruments and
competences, such as: integrated 10-year national energy and climate plans, participation
of the European Commission in national planning (open method of Coordination), control
of the preparation and implementation of plans, European semester, monitoring in the
climate policy. These instruments, for the first time, gave the EU the opportunity to compile
and compare the national energy and climate policies of its members. This will allow
the European Commission to identify not only the leaders, but also the countries that
are doing the worst. This will be possible, i.e., thanks to the possibility of “blaming and
shaming”, reconciliation of duties, sanctions. The plans are open and prepared according
to a single scheme, which ensures their consistency and comparability. The first forecasts
in the context of the national energy and climate plans and the monitoring mechanism
have already been assessed by the European Commission. As a result, for some members
goals have been set that were not ambitious enough (e.g., Poland) and it was recommended
to revise the plans [26,30]. Thus, a tightening of management in the studied area can be
observed [24].

The package provides for a number of regulations supporting the integration of
RES in the energy system so that they can develop faster than before. This is necessary
because it has been established that in 2030 the share of energy from renewable sources
in the EU in the final gross energy consumption is to be at least 32%. For the first time,
a target for the heating and cooling sector has been introduced—to increase the share of
renewable energy sources by about 1.3 pp. annually. Even though the package did not
adopt mandatory national targets, it created EU mechanisms and tools to ensure their
effective implementation as national contributions. They concern both the power and
heating sectors. They include: the process of preparing and updating the assumptions
in national energy and climate plans, access paths (the so-called trajectories) to the RES
target in 2021–2030, assessment of progress in its implementation every 2 years, the EU
RES financing mechanism. In addition, it is planned:

• To open national RES support systems for participants in cross-border countries with
direct network connections.

• To create the Union Renewable Development Platform (URDP), which will expand the
possibilities of trading RES shares between Member States (e.g., statistical transfers,
joint projects or support systems).

• Priority disposal of small RES units has been left to units with an installed electric
power below 400 kW. Larger entities may receive this privilege from the state.

• To strengthen the position of consumers on the energy market.
• Actions of new entities defined as “renewable energy communities” [31].

The new regulations offer interesting opportunities for countries that have not achieved
their 2020 national target. They have, thus, gained time until the end of 2021 to take effec-
tive countermeasures. If appropriate effects of their actions are not achieved, they will be
able, for example, to use statistical transfers as part of the new EU platform for renewable
energy development. As the transfers are expensive, they will determine the development
of cheaper RES and accelerate the achievement of the EU target.

In terms of energy efficiency, a higher target of 32.5% has been set than before, with
the possibility of increasing it further in 2023 after prior assessment. This is an EU-wide
binding target. In addition, Member States are required to deliver cumulative end-use
energy savings corresponding to annual new savings of at least 0.8% of final energy
consumption in 2021–2030. Mechanisms have been established as part of the Energy Union
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governance system to ensure the achievement of the energy efficiency target through
national contributions from EU members. These mechanisms include: the process of
preparing, assessing and updating national plans, trajectories leading to the achievement of
the EU target, progress reports every two years as well as national and community policies
and measures (including EU and national support systems, simplification of administrative
procedures, country recommendations issued under the European Semester, commitments
under the Paris Agreement). Their introduction means that, as in the case of renewable
energy sources, the implementation of the target will be more controlled. This is to serve
better effectiveness of the target fulfilment by all EU Member States [25,32]. Strengthened
control and support for efficiency growth are in line with the “energy efficiency first”
principle, which is a priority for the entire Winter Package. Therefore, it should not be
surprising that a similar approach has been reflected in the mechanisms of the EU financial
support for the energy transformation necessary to achieve climate neutrality. Hence, the
electricity and heat sectors will receive greater support for investments related to energy
efficiency [31,33].

To sum up, the Clean Energy package has started the implementation of the established
energy union, which is the next stage in reforming the Community’s climate and energy
policy. The package clearly indicates the directions and methods of transformation—the
priority is RES and energy efficiency. Its assumptions have been reflected in the economic,
regional and financial policy of the EU, which will facilitate the transformation. They
have also been transposed into subsequent new EU documents, including Long-term low
greenhouse gas emission development strategy of the European Union and its Member
States [34], A Clean Planet for all—A European strategic long-term vision for a prosperous,
modern, competitive and climate neutral economy [35].

In 2018, the Progress Global Strategy Group of Friends was assessed during the Global
Diplomacy Week. It turned out that the targets adopted in the Clean Energy package to
reduce greenhouse gas emissions by 2030 (40%) and 2050 (60%) are insufficient. Between
1990 and 2018, the EU reduced its greenhouse gas emissions by 23%, while the economy
grew by 61%. Therefore, additional measures are required to achieve climate neutrality
(each sector will have to contribute to the reduction of CO2). Despite the introduction of a
comprehensive policy framework for reducing greenhouse gas emissions and commencing
the modernization and transformation of the economy for this purpose, the EU was
expected to raise the reduction targets [26]. Therefore, in 2019, the European Commission
presented a new document “European Green Deal” (EGD) with higher targets for reducing
CO2 emissions. It is a set of 50 actions for the next five years across all sectors in order to
prepare the EU economy for climate neutrality in 2050 [36,37]. The Green Deal is Europe’s
new growth strategy aiming at transforming the EU into a fair and prosperous society.
It combines policy strategies to combat climate change, protect and restore biodiversity,
eliminate pollution, transition to a circular economy and ensure that no one is left behind
in the green transition [26]. According to the Report of the International Energy Agency
(IEA) [19], the EGD provides the perfect framework to stimulate short- and long-term
efforts towards a clean, resilient, sustainable and equitable recovery of the EU economy.
The EGD has the potential to accelerate investments and the technological advances needed
for long-term decarbonisation. Moreover, the EGD is an opportunity for greater coherence
of EU policies. Complementary to the EGD is the proposal for a regulation on European
climate law, adopted by the European Commission on 4 March 2020. [38]. It proposes that
the EU’s greenhouse gas emission reduction target for 2030 should be increased to at least
55% and up to 80% in 2050 compared to the levels as of 1990 (including emissions and
removals). The European Parliament endorsed the EU’s goal of net-zero greenhouse gas
emissions by 2050 in its resolution of 14 March 2019 on climate change [38].

The presented (and only the selected) initiatives and documents of the EU concerning
the objectives and the climate/energy policy reflect the EU’s enormous legislative, manage-
ment and political efforts aimed at commencing the implementation of the goals set for
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the next decades after the Europe 2020 Strategy. Therefore, it is important to evaluate the
existing climate/energy targets to determine the baseline for future action.

2.2. Review of Literature

The huge role of the Europe 2020 Strategy has determined the appearance of a large
number of publications on its implementation, including scientific reports (incl. the ones
of the European Commission and various institutions), studies of the European Statistical
Office and Statistical Offices of the Member States.

The implementation of the Europe 2020 strategy and its impact on the development
and competitiveness of the EU Member States and EU as a whole has been the research
topic of a large number of authors.

Most publications present empirical studies of the progress made by the Member
States in implementing the strategy, presenting results from a different perspective:

• By analysis of the diversity between old and new member states [39].
• By analysis Europe 2020 strategy for smart, sustainable and inclusive growth [40].
• By calculating the distance from EU 2020 strategy targets [41].
• By ranking and classification of EU countries regarding their levels of implementation

of the Europe 2020 strategy [42].
• By analysis of the macroeconomic effects of the Europe 2020 strategy [43,44].
• By analysis of the smart rural development [45].
• By measuring Central and Eastern Europe’s socio-economic development [46].
• By institutional analysis of the Europe 2020 strategy [47].
• By analysis of the economic performance and competitiveness of the EU members [48–51].

Part of the publications concerns the assessment of the implementation of strategic
goals in selected countries (e.g., [52]) or in a group of countries against the background of
the EU (e.g., [53]). Few publications focus strictly on energy/climate goals [25,54–59].

In the literature, as well as in EU documents, the achievement of the strategy’s objec-
tives is evaluated:

• Through scenario analysis [21–23,43].
• Qualitative analysis of the solutions used [24,25].
• Panel analysis [48].
• By means of unidimensional and multidimensional indices specially constructed for

this purpose [39,41,42,46,47,50,54].
• By means of performance/efficiency measures, e.g., DEA (Data Envelopment Analy-

sis) [60,61].

None of them used complementary indicators to assess the implementation of the
Strategy’s energy/climate, which is an additional argument in favour of such an action.

The article uses the taxonomic research with application of zero-unitarization method
which makes it possible to synthetically assess EU member states according to the imple-
mentation of the climate/energy targets (the so called 3x20) of the Europe 2020 Strategy
and an analysis of changes in achievements for the three groups of targets over time.
This method allows the integration of basic indicators for reporting climate/energy goals
with additional indicators selected by the authors for this analysis. The additional indi-
cators come from the set of indicators used to monitor the implementation of the 2030
Agenda target.

This is an extension of the previously used set of variables serving this purpose.

3. Materials and Methods

The main thrust of methods of determining synthetic variables is the transition from
multi-dimensional system of features to one-dimensional system through aggregation
of variables which may be based on model or non-model formulas. The replacement of
multi-elemental set of features by one synthetic variable allows for prioritizing analysed
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objects by the value of aggregated variable and conducting comparative analyses both in
time and space, maintaining the substantive comprehensiveness of studies [62].

Used in this paper the zero -unitarization method is one of the methods of normal-
ization of diagnostic features [39,63–66]. The zero -unitarization method allows to obtain
multi-criteria evaluations of the researched phenomenon, so it enables to carry out com-
parison between the objects. Additionally, this method allows to normalized diagnostic
features transformed by means of this method contain their values in the range of [0,1].

The method was chosen because it is characterized by relatively high efficiency in
organizing and sharing objects. The additional advantage of the method is its simplicity
and the lack of methodological controversies for its application [65,66].

The analysis is based on the normalization with a constant reference point for the
whole period of the analysis (the years 2010 and 2019) which gives the possibility of
dynamic analysis and enables comparing the values of the synthetic index for analysed
years. In addition, this approach allows the introduction of new reference values for
selected variables. In particular, that during the period under review most countries,
especially in the case of Headline target 3, had reached the target values before the end of
the period under review.

The constant reference point gives the range of normalised variables described with
Equation (1) [66].

R
(
Xjt

)
= max

it
xijt −min

it
ijt (1)

The method used allows not only to create rankings of countries and evaluation of
the implementation of the headline indicators but also evaluated at two analytic levels the
fulfilment of the energy/climate aims of Europe 2020.

Using those properties in the paper: first, the overall evaluation with one synthetic
measure for all the three energy/climate aims of the Europe 2020 strategy was esti-
mated. Then the countries were evaluated in terms of the separate energy/climate aims of
the strategy.

Additionally, zero -unitarization method allows a group of results into four classes—
countries with: (a) very high; (b) high; (c) medium and (d) the low level of achievement of
the goals of the Europe 2020 strategy related to energy and climate. In the research, the data
from Eurostat for the period of 2010 and 2019 (2018 in some cases) was used. The fulfilment
of headline targets in the paper is monitored with the following specific diagnostic criteria
presented in Table 1.

Among the selected variables, 6 (x8t, x9t, x12t, x13t, x14t, x15t), were considered to
be stimulants characteristics having a positive influence on the measure, whereas 9
(x1t, x2t, x3t, x4t, x5t, x6t, x7t, x10t, x11t) were regarded as destimulants reducing the syn-
thetic measure of the fulfillment of social goals.

In order to bring the variables to comparability, they were normalized by means of
the min-max normalization. [64,65]:

zijt =
xijt −min

it

{
xijt

}
max

it

{
xijt

}
−min

it

{
xijt

} (2)

(i = 1, 2, . . . , n); (j = 1, 2, . . . , m); (t = 1, 2, . . . , l); zij ∈ [0, 1]

zijt =
max

it

{
xijt

}
− xijt

max
it

{
xijt

}
−min

it

{
xijt

} (3)

(i = 1, 2, . . . , n); (j = 1, 2, . . . , m); (t = 1, 2, . . . , l); zij ∈ [0, 1]
where: zijt is the normalized value of the j-th variable in the i-th country on year t. xijt

is the initial value of the j-th variable in the i-th country on year t.
The stimulants were normalized with the Formula (2) and the destimulants with the

Formula (3).
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Table 1. Set of variables.

Designation
of Variable Name of Variable Character of

Variable

Headline target 1. 20% reduction in greenhouse gas emissions compared to 1990, as much as 30%
possible) in case of the EU28 in the years 2010 and 2019

x1t Greenhouse gas emissions (in CO2 equivalent) 1990 r = 100. destimulant 1

x2t
Greenhouse gas emissions tonnes per capita—indicator

adopted by the authors destimulant

x3t Greenhouse gas emissions intensity of energy consumption. destimulant

x4t
Average CO2 emissions per km from new passenger cars (g

CO2 per km)—indicator adopted by the authors destimulant

Headline target 2. Increasing energy efficiency by 20%

x5t
Primary energy consumption tonnes of oil equivalent per

capita (TOE/per capita). destimulant

x6t
Primary energy consumption tonnes of oil equivalent per

capita (TOE/per capita)—indicator adopted by the authors destimulant

x7t
Final energy consumption in households per capita (kg of oil

equivalent). destimulant

x8t
Energy productivity (Euro per kilogram of oil

equivalent—KGOE). stimulant 2

x9t
Energy productivity purchasing power standard (PPS) per

kilogram of oil equivalent—indicator adopted by the authors stimulant

x10t
Population unable to keep home adequately warm by poverty

status (% of the population). destimulant

x11t
Energy dependence by-product (% of imports in total energy

consumption). destimulant

Headline target 3. Increasing the share of renewable energy sources in total energy consumption
to 20 %

x12t
Share of renewable energy in gross final energy consumption

by sector (%). stimulant

x13t
Renewable energy sources in transport—indicator adopted by

the authors (%). stimulant

x14t
Renewable energy sources in electricity—indicator adopted

by the authors (%). stimulant

x15t
Renewable energy sources in heating and cooling—indicator

adopted by the authors (%). stimulant

1 In case of negative character of variable (destimulants) Xs
j for every two values xs

i,j, xs
k,j that refer to objects

Oi , Ok the relation xs
i,j < xs

k,j → Oi ≺ Ok is fulfilled, where ≺ means that object Ok is preferred to Oi . In that case

minimum value of variable is preferred. 2 In case of benefit variables (stimulants) Xs
j for every two values xs

i,j,
xs

k,j that refer to objects Oi , Ok, the relation xs
i,j > xs

k,j → Oi � Ok , is fulfilled, where � means that object Oi is
preferred to Ok . In that case a maximum value of variable is preferred.

Assessment of the variable that characterizes the objects—a synthetic measure SMit
—was obtained with the Formula (4).

SMit =
1
m

m

∑
j=1

zijt (4)

(i = 1, 2, . . . , n); (j = 1, 2, . . . , m); (t = 1, 2, . . . , l); zij ∈ [0, 1]; SMi ∈ [0, 1]
The synthetic measure enables to divide the set of countries into four groups:

1. Group I—the countries with very high level of synthetic measure of fulfillment aims
of the Strategy, where (SMit ≥ SMit + S(SMit))

2. Group II—the countries with a high level of synthetic measure of fulfillment aims of
the Strategy, where (SMit ≤ SMit < SMit + S(SMit)),

3. Group III—the countries with an average level of synthetic measure of fulfillment
aims of the Strategy, where (SMit − S(SMit) ≤ SMit < SMit),
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4. Group IV —the Countries with a low level of synthetic measure of fulfillment aims of
the Strategy, where (SMit < SMit − S(SMit)),

where
SMit—arithmetic mean of a synthetic measures SMit
S(SMit)—standard deviation of a synthetic measure SMit.

4. Results

In the first stage of the research assessed the implementation by EU Member States
of the climate/energy targets package of the Europe 2020 strategy was assessed using the
synthetic measure (SM). It was calculated by extending the set of indicators provided for
this. Based on this synthetic measure of development the countries were grouped into the
four categories. The result of the empirical research is presented in Table 2 and in Figure 2.

Table 2. The result of multivariate analysis of the set fulfilment of the assumed package of climate/energy targets Europe
2020 strategy in the years 2010 and 2019 1,2.

2010 2019

No. Co. SM No. Co. SM

I—Countries with Very High Level of Synthetic Measure of Fulfillment Aims of the Strategy

1 Portugal (PT) 0.742486 1 Sweden 0.709857
2 Denmark (DK) 0.701643 2 Denmark 0.681427
3 Romania (RO) 0.655306 3 Romania 0.601015
4 Sweden (SE) 0.639199

II—Countries with a High Level of Synthetic Measure of Fulfillment Aims of the Strategy

5 Italy (IT) 0.633114 4 Latvia 0.57608
6 Austria (AT) 0.627194 5 Portugal 0.569369
7 Croatia (HR) 0.608814 6 Croatia 0.562657
8 Spain (ES) 0.593292 7 Ireland 0.532374
9 Ireland (IE) 0.585422 8 UK 0.52752

10 UK (UK) 0.582737 9 Malta 0.523469
11 Greece (GR) 0.570953 10 Austria 0.521677
12 Latvia (LV) 0.568198 11 France 0.515358
13 France (FR) 0.568098 12 Finland 0.514158

13 Italy 0.513276
14 Spain 0.497715
15 Slovenia 0.494183
16 Greece 0.493617

III—Countries with an Average Level of Synthetic Measure of Fulfillment Aims of the Strategy

14 Slovenia (SI) 0.538319 17 Estonia 0.475449
15 Slovakia (SK) 0.534824 18 Slovakia 0.452848
16 Hungary (HU) 0.532310 19 Hungary 0.446346
17 Lithuannia (LT) 0.528881 20 Germany 0.445326
18 Germany (DE) 0.511636 21 Netherlands 0.444384
19 Czechia (CZ) 0.509559 22 Czechia 0.440135
20 Malta (MT) 0.50688 23 Bulgaria 0.432048
21 Cyprus (CY) 0.486678 24 Lithuannia 0.425966
22 Bulgaria (BG) 0.481815 25 Poland 0.422964
23 Poland (PL) 0.465848

IV—Countries with a Low Level of Synthetic Measure of Fulfillment Aims of the Strategy

24 Netherlands (NL) 0.457017 26 Belgium 0.373153
25 Estonia (EE) 0.442542 27 Cyprus 0.335906
26 Finland (FI) 0.433477 28 Luxembourg 0.222652
27 Belgium (BE) 0.381499
28 Luxembourg(LU) 0.279308

1 For Croatia, for variable x4, due to lack of data in 2010, data from 2013 were used. 2 For variables x1, x2 and x4 due to lack of data
for 2019, data for 2018 were used.
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share of renewable energy sources in total energy consumption to 20 %.) in case of the EU28 in the
years 2010 and 2019.

The amount of the synthetic measure of the achievement of the climate/energy target
package reflects the changes that have taken place over 9 years, both in groups of countries
according to the level of achievement and their position in the ranking. In 2019, the number
of countries with very high level of synthetic measure of fulfilment aims of the strategy
was one less than in 2010. PT left the group, with achievements lower than in the base
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year. Three countries remained in the group: SE (moved from position 4 to 1 due to the
largest change in SM among 28 countries), DK (remained in position 2) and RO (remained
in position 3). RO is the only country among the new EU members in this group. In
comparison, RO had the highest rate of changes in the implementation of climate/energy
targets, which proves its effort in the studied area.

In 2019, the countries with a high level of synthetic measure of fulfilment aims of the
Strategy group increased from 9 to 13. Three countries, MT, FI and SI, previously belonging
to groups III and IV, were promoted to the group. The fourth country is PT, which moved
from group I. Among these countries, MT and FI had the largest achievements in meeting
the targets. The achievements of other countries in this group were lower than in 2010.
Four countries moved to lower positions (IT, AT, ES, GR) and five were promoted to higher
positions (LV, HR, IE, UK, FR). A spectacular achievement was recorded by LV—promotion
from position 12 to 4.

In 2019, the number of countries with an average level of synthetic measure of fulfil-
ment aims of the strategy was one less than in 2010. There are seven existing members (SK,
HU, LT, DE, CZ, BG, PL), EE and NL have joined in. Almost all countries, except EE, had a
lower level of the SM index, which means lower achievements compared to the base year.

In the countries with a low level of synthetic measure of the fulfilment of the Strategy
group, their number decreased from 6 to 3. In 2019, BE (promoted from 27th to 26th
position) and LU (last place) remained in the group. CY joined Group IV, ranking from
21st place to 27th.

The analysis shows that in 2019, two countries—CY and PT—were placed lower in the
ranking, and additionally, in the groups of countries with a lower level of implementation
of climate/energy targets. This was due to the slower pace of their changes compared
to the countries that are leaders in the studied area. This does not mean that there is
no progress. Both countries showed positive changes in the absolute values of almost
all analysed variables. There were 11 countries lower in the rankings, but in the same
groups. All of them had a lower value of the SM index, which is alarming from the
point of view of achieving strategic goals. EE, FI, MT, NL and SI entered the higher
positions in the ranking and joined the higher groups. These countries reported a faster
pace of implementing climate/energy targets than others, which determined its greater
achievements. It is, therefore, worth checking whether the lower achievements in 2019
result from the countries’ achievement of their goals or insufficient actions in the area of
climate/energy?

During the analysed period, virtually all countries observed an increase in the level
of climate/energy target implementation, and while for some countries it was relatively
smaller (e.g., LU, LT, HR, PT, PL, BE, SK, CZ), for others it was large (e.g., FI, EE, LV, SE,
RO). In 2019, LU, CY, BE, LT, PL, SK, ES, SI, HU and CZ were the furthest away from the
model. Whereas, 5 of them are new Member States from the Central and Eastern Bloc
(LT, PL, SK, HU, CZ) where the energy sector is mostly based on fossil fuels that generate
CO2. They are struggling to transform into a low carbon economy, which is delaying the
achievement of EU targets. Some countries have certain climate/energy targets fulfilled
(e.g., BE, LU), therefore their efforts to implement them are smaller. This negatively affects
the value of the SM index. In turn, ES is still struggling with the effects of the economic
crisis of 2008–2012 and social problems, which reduces expenditure on the energy transition
and has a negative impact on achievements in the area of climate and energy.

DK, RO, LV and HR were the closest to the model (SE), i.e., the implementation of
climate/energy targets. In 2019, these countries (next to SE) had the highest value of the
SM index compared to other countries.

The SM indicates the achievements of countries in implementing all of the climate/energy
targets of the Europe 2020 Strategy. However, it does not show the degree of achieving
individual goals from the 3x20 package. Therefore, during the second stage of the research,
synthetic measures of achieving the individual three goals of package were estimated
(Figures 3–5). This allowed to identify differences in the level of their implementation by



Energies 2021, 14, 2711 14 of 18

individual countries and to determine which area negatively/positively influenced the
final results.

At the beginning of 2019, MT, DK, RO and SE were the closest to achieving the
headline target 1 and had the highest level of almost all indicators used to measure this
target. CY, LU, PL and IE were the furthest from the model/goal achievement, with a
small level of changes in the variables measuring a given goal. Two countries, PL and
IE, observed increased, rather than decreased, values of two significant variables (the
greenhouse gas emissions tonnes per capita and the greenhouse gas emissions intensity of
energy consumption indicators) that determine the achievement of the goal. In the case
of PL, it was the result of not only the advantage of coal in the energy mix, the defence of
national interests, but also the unfavourable change in the regulations on renewable energy,
which favoured the maintenance of coal as the basis of the energy sector. In the case of IE, on
the contrary, the lack of decarbonisation of difficult sectors, e.g., (fossil fuels, dairy farming
and road transport), placed emissions per capita in the third place among all Member
States. Relatively recently, IE has declared that it wants to become the “world leader
in climate action”. So far, there has been a discrepancy between the declared intention
and reality [67]. CY and LU, on the other hand, reduced their greenhouse gas emissions,
however insufficiently to meet the target. LU, despite the threat of not meeting the target,
has achieved significant progress in reducing emissions compared to 2010. In 9 years, MT,
SE, FI, DK, UK, GR, BG, LV reported the greatest achievements in meeting the target thanks
to consistency in implementing the climate and energy policy. The following had little
success in achieving Objective 1: HR, PT, HU and the already mentioned PL.

To sum up, during the analysed period, all countries showed progress in achieving the
headline target 1. Unfortunately, the different pace of fulfilling the obligations, resulting
from the current energy/fuel mix economy, national interests and unfavourable economic
conditions, prevent some countries from achieving Objective 1 on time.

In 2019, IE, RO, UK and DK were the closest to achieving the headline target 2. During
the observed period, the final energy consumption in households per capita and final
energy consumption tonnes of oil equivalent per capita indicators have decreased. In the
case of RO, the values of both indicators increased. This may be related to the fact that as
a new member state, RO uses EU funds to a large extent in the social area, which has a
positive effect on the income/economic condition of households. The result is reducing
the risk of social and energy poverty and an increase in energy demand. These two
variables also increased in FI and LU which were the furthest from the model. FI and LU
were the furthest from the model. In their case, the level of SM was adversely affected
by the value of the Final energy consumption in households’ per capita indicator—the
highest in comparison to other countries. During 9 years, IE, LU and ES had the largest
achievements in meeting the target. Especially thanks to the significant reduction of final
energy consumption in households per capita, energy productivity, energy productivity
purchasing power standard (PPS) per kilogram of oil equivalent and energy dependence
by-product. The remaining variables had an insignificant impact on their results. It
should be noted that among them, IE had the best achievements. The lowest achievements
in headline target 2 were reported by SK, GR, LT, MT and CZ. The best results among
them were achieved by CZ and SK, and the worst by GR (there is an ongoing internal
economic crisis and no funds for the implementation of climate/energy commitments.).
The remaining countries showed a slight change in the level of the variables studied.

In general, the achievements of countries in the implementation of headline target 2
during the analysed period were different. Importantly, energy productivity has increased
in all countries (Euro per kilogram of oil equivalent—KGOE and energy productivity
purchasing power standard (PPS) per kilogram of oil Equivalent). In almost all countries
(except for FI, GR, LT) the population unable to keep home adequately warm by poverty
status (% of the population) indicator had decreased. This means reducing energy exclusion,
increasing people’s income and raising living standards. Which in turn contributes to
reducing social exclusion.
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In 2019, SE had the largest achievements of headline target 3. Thus, the performed
analysis made it a model for other countries, a kind of confirmation that the climate/energy
target 3 can be achieved. SE has achieved its target long ago and with a surplus. In
2019, its share of renewable energy in gross final energy consumption by sector exceeded
56% against the required 20% in 2020. That is why Figure 5 is so unusual, it seems as if
most member states were far from achieving Objective 3, whereas, the truth is indeed the
opposite. In 2019, 11 more countries achieved this goal. Namely: AT, BG, HR, DR, EE, FI,
LV, LT, PT, RO and SI. It should be added that during the analysed period, these countries
have reported an increase of three additional sector indices (in transport, electricity, heating
and cooling) used to calculate the synthetic index, which is favourable.

BE, LU, MT and NL were the furthest from the model and target. These countries
have reported the main indicator level below 10%, which means that they will not meet the
3rd target. In other countries, the level of this indicator ranged from 12% (IE) to 19.6%. GR,
ES, IT, DE and FR had a chance to achieve the target in 2020.

5. Conclusions

Based on the research, the following conclusions have been drawn:

• Analysis of the synthetic measure (SM) for 2010 and 2019 showed that: 13 countries
ranked lower in position, of which 11 remained in their category (AT, IT, ES, GR,
SK, HU, DE, CZ, BG, LT, PL) and 2 moved to a lower category (CY, PT). This means
being further away from achieving the target. Only 3 countries maintained their
positions in the same category: DK, RO—close to achieving their goals, LU—at risk of
not achieving them. On the other hand, over 12 countries were placed higher in the
ranking, 8 of which remained in their category (SE, HU, PT, LV, HR, ES, BG), and 4
moved to the higher category (EE, FI, MT, NL, SI). These countries have come closer
to meeting the targets. The closest to achieving the goals was SE and the mentioned
DK, RO. BE, CY and LU were the most distant from meeting the set targets.

• When comparing the achievements in implementing the three objectives of the 3x20
package, it can be seen that Objectives 3 and 1 have been achieved to the greatest
extent, and Objective 2 to the least. Insufficient achievement of Objective 2 has forced
Member States to step up efforts to increase energy efficiency. (Similar conclusions
were also presented in the following papers [68–70].

• At the beginning of 2019, MT, DK, RO and SE were the closest to achieving the
headline target 1. Whereas the furthest were CY, LU, PL and IE. A recent report by the
European Commission proves that the EU has already achieved its 20% greenhouse
gas emissions reduction target with a surplus by 2020, compared to the levels as of
1990. Total EU27 greenhouse gas emissions have been at their lowest levels since
1990. It’s been significantly decreased mainly due to emissions related to the energy
supply. This has been reflected in a strong decline of emissions resulting from actions
covered by the EU Emissions Trading System (EU ETS), while emissions from actions
not covered by the EU ETS for several years have remained broadly unchanged. [26].

• In 2019, IE, RO, UK and DK were the closest to the headline target 2 achievement,
and FI and LU were the furthest. The achievements of other countries were varied.
The target has not been achieved. Overall, energy productivity has increased in
all countries, but not sufficiently. The key role of energy efficiency in achieving all
climate/energy targets has, therefore, been recognized, and the “energy efficiency
first” principle has been introduced in the strategic documents [71]. The leading
initiative ‘Renovation’ serves to increase energy efficiency. It aims at improving
energy and resource efficiency of public and private buildings, and to stimulate digital
growth with home automation and smart metering, which will also help overcome
the COVID-19 crisis.

• In 2019, 12 countries (SE, AT, BG, HR, DR, EE, FI, LV, LT, PT, RO, SI) achieved goal 3, 5
were close (GR, ES, IT, DE, FR), and 11 were at risk of not achieving it. On an EU scale,
the share of renewable energy sources in total energy consumption was 18.9% and the
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EC report predicted that in 2020 it will reach 22.8%–23.1% [72]. The EU level, thus, the
target will be met. It is currently known that most Member States will achieve their
targets, with only 5 at risk of not achieving it. Member States are, therefore, encouraged
to explore all possible use of cooperation mechanisms, including statistical transfers,
to ensure the achievement of the binding national targets for 2020. The Commission
stands ready to support this process, as well as the dialogue between Member States
to conclude statistical agreements. In order to help achieve national contributions,
an EU Renewable Energy Financing Mechanism has been agreed, allowing Member
States to invest in renewable energy projects in return for a statistical attribution to a
participating Member State.

• Summing up, although the EU has already made significant progress in the implemen-
tation of climate/energy targets compared to other countries (it is a kind of leader in
this area), achieving energy neutrality in 2050 requires a huge effort and appropriate
management. It is difficult for decision-makers to influence national energy mixes
with limited competences. Hence, the EU is increasingly turning to soft management
methods with innovative “harder” elements [25] or harder soft management in the
short term [32]. The inflexibility of the current regulatory framework can lead to
ineffective and disproportionate regulation [73], which will hamper the achievement
of the intended objectives.

This article presents only one option for assessing the implementation of the cli-
mate/energy targets of the Europe 2020 Strategy, but it would be interesting to examine
the results taking into account new ways of mobilization to achieve them, or in relation to
the financial outlays incurred (cost-effectiveness study).
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